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Introduction
Ischemic stroke from atrial fibrillation (AF)is associated with adverse 

clinical outcomes (increased morbidity and mortality)as compared 

to ischemic stroke in the absence of AF.1 2 Non-Vitamin K oral 
anticoagulants (NOACs) and warfarin has been the mainstay of stroke 
prevention in AF patients, although their use can be limited by increased 
bleeding risk and drug-drug interaction.3 4 Left Atrial Appendage 
(LAA) is considered the primary site for thrombus formation in non-
valvular AF. Though surgical methods have been available, epicardial 
and endocardial approaches to LAA closure have gained popularity 
with the introduction of Lariat (510K Class II Clearance by FDA 
in 2006) and Watchman/Watchman-FLX (FDA approved in 2015 
and 2020) devices in the last two decades.5-7 Amplatzer Amulet LAA 
occluder device was approved in Europe in 20138 and almost a decade 
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Abstract
Introduction:  Left atrial (LA) strain (Σ) and Σ rate (SR) analysis by two-dimensional speckle tracking echocardiography (2D-STE) is a novel 

way of LA function assessment.We aimed to assess the effects of left atrial appendage occlusion with Amulet device on LA function using 
2D-STE.

Methods: LA function parameters were calculated from apical two and four-chamber view with the reference point set at QRS, using 
2D-STE.LA emptying fraction (LAEF), LA expansion index (LAEI), Σs, and SRs during ventricular systole represent LA reservoir function. Passive 
emptying fraction (EFe), Σe, and SRe during early ventricular diastole represent LA conduit function. Active emptying fraction (EFa), Σ a, and 
SRa during atrial contraction represent LA booster function.  

Results: 54 patients were included in the study, mean age was 76.94±5.9 years and 58% were males. Mean CHADS2VASc2 and HAS-BLED 
scores were 5.2±1.9 and 4.1±1.3, respectively. There was significant improvement in conduit function [post 30.9±8.7 vs. pre 23.6±13.9 
(p=0.03)], reservoir function [post 107.3±127.2 vs pre 62.7±29.8 (p=0.02), and booster function [post 26.5±12.9 vs pre 16.6±09.1 (p=0.02)].  
Similarly, a significant improvement was demonstrated in ‘strain in early ventricular diastole [post 9.98±4.4 vs pre 5.49±4.3; p=0.02]’, 
‘strain in atrial contraction phase [post 10.4±2.96 vs pre 8.6±4.7; p=0.048)]’ and ‘strain rate in atrial contraction phase [post – 0.68 ± 0.27 
vs pre − 0.26 ± 0.68; p= 0.01)]’. 

Conclusions: LAAO using Amulet can significantly improve the LA volumetric indices along with the conduit and reservoir function.
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later has been recently approved in United States with AMULET-
IDE trial.9

Left atrial (LA) strain (Σ) and Σ rate (SR) analysis by two-
dimensional speckle tracking echocardiography (2D-STE) is a novel 
way of LA function assessment.  This is a valuable echocardiograph 
marker to detect LA dysfunction in hypertensive patients even before 
LA enlargement10 and a prognostic tool in patients with heart failure 
with preserved ejection fraction.11 We have previously demonstrated 
improvement in LA function (assessed by LA strain analysis) following 
LAA occlusion with both epicardial and endocardial device –  Lariat 
and Watchman device LAA.12 13 Nonetheless, there is no data on LA 
functional indices following left atrial appendage occlusion (LAAO) 
with Amplatzer Amulet occluder device.  We aimed to assess the effects 
of LAA exclusion with Amulet device on LA function using 2D-STE. 

Methods
A total of 54 patients from the LAFIT-Amulet registry were 

included in the study. LAFIT-Amulet is a single-center registry of 54 
patients undergoing endocardial exclusion via the Amplatzer Amulet 
LAAO device. The institutional review board approved the study 
protocol, and informed consent was obtained from all patients.

Inclusion Criteria
Eligible patients met the following inclusion criteria: 1) age ≥18 years 

and older; 2) nonvalvular AF; (3)at least one risk factor for embolic 
stroke (CHADS2VASC2 ≥ 2); transthoracic echocardiography (TTE) 
performed within 3 months before LAAO(used as a baseline); and 
TTE performed within 30 days after the procedure.

Exclusion Criteria
Patients were excluded if they met any of the following exclusion 

criteria: 1) LAA landing zone < 11 mm or > 31 mm; 2) presence of 
LAA thrombus; 3) atrial septal defect or patent foramen ovale; 4) active 
infection; and 5) presence of AF during TTE.  

Endocardial Exclusion of LAA using Amulet Device
LAA exclusion via Amplatzer Amulet device was performed using 

techniques as described previously.14

Baseline Transthoracic Echocardiography
Baseline TTE studies were performed using commercial platforms. 

American Society of Echocardiography (ASE) guidelines were used 
for the chamber quantifications.15 The measurements included the LA 
active and passive emptying fraction, LA diameter, and LA volume 
(measured as average LA volume from apical two and four-chamber 
views).  2D Cardiac Performance Analysis software (TomTec, Munich, 
Germany) was used for strain analysis.

Assessment of LA mechanical function using speckle-
tracking echocardiography (STE)

All TTE analysis and measurements were performed in sinus rhythm. 
Three consecutive beats were acquired in apical two-and four-chamber 
views using the harmonic mode (frame rate > 60 frame/s) to achieve 
2D speckle tracking imaging. Careful delineation of extracardiac 
structures and myocardial tissue by giving explicit attention to imaging 
that exhibited an adequate grayscale was implemented.LA function 
parameters (volumetric, strain indices) were calculated from apical four-
chamber views, using 2D-STE before and after Amulet implantation. 
Mean time from LAAO to follow-up echocardiography was 8 weeks 
± 2 days. 

Left atrial conduit function occurs during early diastole and was 
assessed by measuring LA passive emptying fraction (LAPEF) and 
Strain rate in early ventricular diastole (SRe). LAPEF was calculated 
by measuring (Volmax − Volbac)/Volmaxx 100), where Volmax was defined 
at the beginning of LV diastole and Volbac was defined at the end of 
passive LV filling. 

Left atrial reservoir function occurs during ventricular systole and 

Figure 1: Box and whisker plot illustrating improved left atrial expansion 
index(or reservoir function) post-Amplatzer Amulet implantation 

Table 1: Baseline Characteristics of the study population

Clinical variables N = 54

Age (years) 76.85 ± 5.94

Males (n, %) 29 (58%)

BMI (mean, SD) 27.98 ± 3.43

Hypertension (n, %) 51 (94%)

Diabetes Mellitus (n, %) 18 (33%)

Dyslipidemia (n, %) 40 (74%)

Chronic Kidney Disease (n, %) 18 (33%)

Coronary Artery disease (n, %) 42 (78%)

Chronic Heart Failure (n, %) 19 (35%)

Mitral Regurgitation (n, %) 50 (93%)

Persistent atrial fibrillation (n, %) 35 (65%)

Paroxysmal atrial fibrillation (n, %) 19 (35%)

Catheter Ablation for atrial fibrillation (n, %) 20 (37%)

CHADS2VASC2 (mean, SD) 5.22 ± 1.90

HAS-BLED (mean, SD) 4.14 ± 1.32

Left ventricular ejection fraction (%) 50.09 ± 8.41
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was assessed by measuring LA expansion index (LAEI) and Strain rate 
during ventricular systole (SRs).  LAEI was calculated by measuring 
(Volmax − Volmin)x100%/Volmin, where Volmax was defined as the maximal 
LA volume, and Volmin was defined as the minimal LA volume.  

Left atrial pump or booster function occurs during end-diastole and 
was assessed by measuring LA active emptying fraction (LAAEF) and 
Strain rate in the atrial contraction phase(SRa). LAAEF was calculated 
by (Volp − Volmin/Volp x 100), where Volp is the pre-atrial contraction 
volume, and Volmin is the LA volume at mitral valve closure.

Statistical Analysis
This study was designed as an observational study; therefore, the 

sample size was not defined as priori.  Categorical variables were 
expressed in either percentage or mean± standard deviation (SD) 
or median (interquartile range) for non-normally distributed data. 
Continuous variables were expressed as mean ± SD.  A box and whisker 
plots were used to describe the volumetric and strain indices pre- and 
post-Amulet implant. The ends of the box represented the upper and 
lower quartiles, while the median was marked by a horizontal line inside 
the box.  The whiskers were the two lines outside the box that extend 
to the maximum and minimum values. Two-tailed p-value< 0.05 was 
considered significant.  Analyses were performed using GraphPad 6 
(Graph Pad Software, La Jolla, CA) and SPSS 24.0 (IBM, Armonk, 
New York).

Table 2: Left atrial reservoir and conduit function as assessed by volumetric 
methods after LAA exclusion via Amulet device.

2D echocardiographic Parameters Pre-Amulet Post-Amulet p-value

Left atrial emptying fraction (LAEF) % 36.3 ± 10.8 44.4 ± 13.3 0.005

Left atrial expansion index (LAEI)
Reservoir function

62.7 ± 29.8 107.3 ± 127.2 0.02

Left Atrial Passive Emptying Fraction (LAPEF) %
Conduit function

23.6 ± 13.9 30.9 ± 8.7 0.03

Left Atrial Active emptying fraction (LAAEF) %
Pump or booster function

16.6 ± 9.1 26.5± 12.9 0.02

Data represented as mean ± SD or n (%); Data compared using Wilcoxon Signed Rank test 
(IBM SPSS statistics version 22), p value (two tailed) less than 0.05 was considered statistically 
significant.

Results
Baseline characteristics

A total of 54 patients were included in the LAFIT-Amulet study.
Amplatzer Amulet occluder was successfully implanted in all patients 
with no procedure-related complication. There was no peri-device 
leak and device-related thrombosis.  Mean age was 76.94 ±5.9 years 
with 58% males and mean left ventricular ejection fraction of 50 ± 
8.4%.  Mean CHADS2VASc2 and HAS-BLED scores were 5.2 ± 1.9 
and 4.1 ± 1.3, respectively.  65% of patients had persistent AF, while 
35% had paroxysmal AF.  38% percent of patients had prior catheter 
ablation for AF.  Table 1 highlights the baseline characteristics of the 
study population. 

LAA Exclusion improves the mechanical function of LA as 
assessed by Volumetric indices

There was significant improvement in conduit function (LA passive 
emptying fraction; post 30.9 ± 8.7 vs pre 23.6 ± 13.9 (p = 0.03), reservoir 
function (LA expansion index; post 107.3± 127.2 vs pre 62.7 ± 29.8 (p 
= 0.02), and booster function (LA active emptying fraction; post 26.5 
± 12.9 vs pre 16.6 ± 09.1 (p = 0.02) in LA volumetric indices (Table 2 
, Figure 1 & Figure 2). 

LAA Exclusion improves the mechanical function of LA as 
assessed by deformation analysis

There was significant improvement noted with strain indices in 
conduit function (SRe; post –0.87 ± 0.46 vs pre − 0.66 ± 0.32(p= 0.04) 
and reservoir function (SRs; post + 0.95 ± 0.02 vs pre + 0.57 ± 0.27(p 
= 0.01).  Similarly, a significant improvement was demonstrated in 
‘strain in early ventricular diastole (Σe; post 9.98 ± 4.4 vs pre 5.49 ± 
4.3; p= 0.02)’, ‘strain in atrial contraction phase(Σa; post 10.4 ± 2.96 vs 
pre 8.6 ± 4.7; p= 0.048)’and ‘strain rate in atrial contraction phase(SRa; 
post – 0.68 ± 0.27 vs pre − 0.26 ± 0.68; p= 0.01)’ following LAAO with 
Amplatzer Amulet device(Table 3 & Figure 3)

Discussion
This study serves an observational purpose in an unexplored 

intervention-induced hypothesis.  Our research is the first to 
demonstrate a significant improvement in LA volumetric and strain 
indices post LAAO with Amplatzer Amulet device.  Additionally, a 
significant improvement was noted in LA volumetric indices (LAVI) 
and improved LA reservoir and conduit function post-implant. 

The LAA is an embryologic remnant recognized for its significant 
role in mechanical, physiologic, and endocrine function.LAA has 
been a target of occlusion devices, both epicardial and endocardial, 
due to its established role as a substrate for thrombogenes is and 
arrhythmogenicity.16 As newer devices and techniques are developed 
and become part of clinical practice, awareness of their impact on an 
organ system and clinical utility is becoming even more imperative.

Left atrial dysfunction (as assessed by LAVI/strain analysis) is 
associated with adverse clinical outcomes.17 Therefore, whether LAAO 
with Amulet device has any impact on LA function remains unclear. 
LA volumetric index remains the main echocardiographic parameter to 
assess the LA remodeling and indirectly the LA function. The findings Figure 2:

Box and whisker plot illustrating significant changes in emptying 
fraction post-Amplatzer Amulet implantation (conduit function or 
LA passive emptying fraction and booster function or LA active 
emptying fraction) 
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loss – more so with Amplatzer Amulet device than Watchman), thus 
accounting for improved LAVI, LA reservoir and conduit function as 
noted in our study.

Therefore, improved LA mechanical function and positive 
remodeling are reassuring in patients undergoing LAAO with 
Amplatzer Amulet device.  Since LA failure has been associated with 
poor quality of life, exercise intolerance, heart failure hospilization 
resulting in increased morbidity and mortality.  The 2D-STE allows for 
myocardial deformation quantification in variety of disease substrates 
(like amyloid) and following therapeutic intervention (transcatheter 
aortic valve replacement, transcatheter mitral valve repair and 
percutaneous LAAO to name a few) with its ability to detect subtle 
myocardial changes, with tremendous diagnostic and prognostic value.   
Whether this also results in electrical remodeling and improvement 
in cardiovascular endpoints (in sinus rhythm) remains unknown and 
hypothesis-generating. 

Limitations
Our results should be considered in light of several significant 

limitations. The most important limitation being that our study was 
too small (and lack of control group) to allow conclusions about 
hard clinical endpoints. Although no patients had peri-procedure 
and procedure-related complications, a critical gap of knowledge 
remains due to lack of long-term follow-up data.  Second, technical 
limitations in image analysis based on the 2D-STE technique could 
not be excluded.  Also, sampling error and proximal disc artifacts made 
the post-processing analysis difficult. Third, retrospective study design 
and the relatively newer device cannot determine the exact underlying 
pathophysiology behind improvement in LA function observed in our 
study. Fourth, whether prior AF ablation (38% patients in our study) 
impacted the results in our study remains unclear at this time.  Further 
long-term prospective studies are needed to fully delineate the impact 
of LAAO on atrial mechanics in sinus rhythm and atrial fibrillation. 
Fifth, operator-center selection bias may arise because all cases and 
echocardiographic measurements were performed at high volume 
centers with experienced operators.  

Conclusion
Our study demonstrates that LAAO with Amplatzer Amulet device 

affects the LA mechanical function as evidenced by improvement in 
LA volumetric indices, conduit and reservoir function.
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Figure 3: Box and whisker plot illustrating significant changes in the 
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Introduction
Pulmonary vein isolation (PVI) is the foundation of atrial 

fibrillation (AF) ablation. This procedure is frequently performed 
using radiofrequency (RF) energy, delivered through the tip of a 
special catheter. Using a point-by-point approach, small lesions are 
delivered around the pulmonary vein (PV) ostia. The aim is to achieve 
transmural, durable and continuous lesion sets: this improves outcomes 
1. Conversely, the presence and size of gaps in the lesion sets (conduction 
gaps) is highly predictive of long term recurrences 2.

Experimental data suggests that the size of the RF lesion is 
dependent on several parameters, including: RF delivery time, 
catheter contact force (CF), power delivered, and tissue impedance. 

Unfortunately, monitoring these simple parameters has limited 
accuracy in predicting lesion quality and achieving durable lesion. 
As a result, two manufacturers (Biosense Webster and Abbott) have 
developed integrated ablation parameters: 1. the Ablation Index (AI) 
(Biosense Webster), which incorporates CF, time and RF power; and 
2. The Lesion-Size Index (LSI) (Abbott), which incorporates CF, time, 
impedance, and RF power. There are important difference between 
the two manufacturers both in terms of catheter technology (Smart 
Touch vs Tacticath, respectively), data collection and computational 
formulae (reviewed in 3) so results published for one technology are 
not transferable to the other. An additional parameter common to both 
manufacturers is the Force-Time Integral (FTI).

For the Tacticath catheter, experimental studies have shown that 
LSI has better predictive value compared with FTI in assessing lesion 
quality 4, while clinical studies suggested that LSI correlates better than 
FTI with acute PVI and absence of conduction gaps 5. However, data 
on target LSI values is limited. Retrospective data from TOCCASTAR 
study and 2 other small non-randomised studies suggested that average 
LSI values >5 (in combination with FTI >400gs and CF >20g) 6, 
LSI >5.3 regardless of location 7, or empirical differential target LSI 
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Abstract
Background: Lesion-size index (LSI) is a new ablation parameter used to guide pulmonary vein (PV) isolation procedures. This retrospective, 

observational study aims to define threshold values of LSI able to predict persistent long-term scarring at PV antral regions. 

Methods: We analysed ablation data in 120 PV segments from 11 patients who had 2 consecutive ablation procedures performed using 
the same 3D mapping system. In the first procedure, we measured average contact force (CF), radiofrequency (RF) power, impedance drop 
during RF, and LSI, at left and right antral PV anterior/roof and posterior/inferior segments, respectively. In the redo procedures, we identified 
presence and location of gaps in the ablation line using strict voltage criteria. 

Results: LSI was the only predictor of absence of gaps after ablation, while CF, RF power and impedance drop were not. An average LSI 
of ≥5.3 for left PV anterior/roof segments had >90% specificity in predicting absence of gaps for left PV segments; while an LSI of ≥4.2 for 
posterior/inferior segments had >80% specificity in predicting absence of gaps for both left and right segments. An optimal cutoff value 
for right anterior/roof segments was not found in this small study cohort. In all segments, an LSI ≤3 predicted gaps with a 100% accuracy.

Conclusions: LSI predicts durable scarring and absence of conduction gaps after PV isolation procedures. Target LSI should be ≥5.3 on left 
anterior/roof PV antral segments, and ≥4.2 for left and right posterior/inferior PV antral segments, while average LSI ≤3 should be avoided. 
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Figure 1: Case example of first and redo procedure

A modified posterior view of the reconstructed three dimensional left atrium geometry and bipolar voltage map is displayed. 
Upper panel – ablation lesion sets around the pulmonary vein ostia are displayed (blue and grey spheres – the colour of the sphere represents the average LSI for that lesion set). Yellow dots mark the 
pulmonary vein antral segments. The black line marks the ablation line.
Lower panel – The bipolar voltage map during the redo procedure allows identification of scar and conduction gaps in the ablation line. Dense scar is identified as grey areas in the voltage map showing 
a bipolar voltage of ≤0.2mV and absence of near-field atrial signals (white-border insets), while conduction gaps are identified as areas showing lack of one of the previous 2 characteristics (red-border 
insets). Green dots mark the pulmonary vein antral segments. The black line marks the ablation line from the index procedure. There is an additional roof scar secondary to a roof ablation line performed 
during the first procedure (lesions not shown) which was not considered for this analysis. 

Note: LAA, left atrial appendage; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein; RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein; The displayed pulmonary 
vein antral segments are posterior-superior (PS), posterior-medial (PM), and posterior-inferior (PI) for both left and right pulmonary veins and the roof segment for right pulmonary vein.
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values of 5.5 to 6 on anterior wall and 5 to 5.5 on posterior wall 8 may 
improve 1 year AF-free survival post ablation compared with non-
LSI guided ablation protocols. However, these studies did not provide 
data on long-term lesion quality, nor did they assess the relationship 
between LSI values and lesion quality at different PV antral regions. 
This maybe important, as tissue thickness and ease of RF ablation varies 
according to position around PV ostia, with conduction gaps occurring 
predominantly at specific sites 9. Thus, identification of targeted ablation 
parameters (FTI, LSI) according to PV antral regions maybe needed, 
but this has not yet been performed 10. 

This retrospective, observational study aims to define the threshold of 
FTI and LSI able to predict persistent long-term scarring and absence 
of conduction gaps at predefined PV antral regions. 

Methods
 

We retrospectively analysed all patients (n = 12) who have had 2 
consecutive ablation procedures using NavX Precision System (Abbott) 
in our Centre, between January 2018 and March 2021. One patient 
was excluded due to incomplete mapping around the PV ostia. Thus, 
the study population consisted of 11 patients. 

The study was developed as a Service Improvement Project, was 
reviewed by the Joint Study Review Committee at Swansea Bay 
University Health Board, and complies with the Swansea Bay 
University Health Board Information Governance policies.

Ablation procedure
Three operators were involved in performing all procedures. In 9/11 

cases (82%), the same operator performed both the first and the redo 
procedure. AF ablation procedures were performed following current 
guidelines (11). The procedure was performed through right femoral 
vein access. A deflectable decapolar diagnostic catheter was positioned 
into the coronary sinus in a stable position. This catheter was used as 
a geometric reference for the NavX Precision system. Next, an SL0 
sheath and a deflectable Agillis sheath were positioned into the left 
atrium (LA) after transeptal puncture and systemic anticoagulation 
with Heparin. 

The 3D LA geometry was then reconstructed using a circular 
duodecapolar electrophysiology catheter (Inquiry™ AFocus II™; or 
Advisor VL; Abbott, MN, USA) which was advanced and rotated into 
all PVs and through the entire LA cavity. Great care was taken to define 
the geometry of the PV ostia and “Coumadin” ridge. In first procedures, 
LA voltage data was collected together with the geometrical data to 
assess electrical substrate alterations, if the patient was in sinus rhythm. 
In redo procedures, LA voltage data was collected regardless of the 
rhythm to assess potential sites of PV reconnections (i.e. conduction 
gaps in the previous ablation lines).

Next, ablation was performed using Tacticath Quartz or Tacticath 
SE irrigated ablation catheter with the following targets: RF energy 
on anterior wall and roof – 30-40W; RF energy on posterior wall and 
inferior segments – 25-30W; RF duration - 30sec / point; CF - 10-20g; 
impedance drop - 10-15 ohms. The aim was to deliver closely spaced 
lesions sets, without visible gaps between lesions, around the PV ostia 

(in the PV antrum) until complete, bidirectional PVI was achieved, 
and the local LA electrogram along the ablation line disappeared. 
Adenosine was not routinely given.

The 3D geometry, electroanatomical maps and lesions set parameters 
used in our Centre were as follows: interpolation 7mm, lesion diameter 
4mm, automated real-time lesion tagging (AutoMark) with fixed 
settings: minimum AutoMark time: 3 sec, AutoMark spacing (minimal 
distance between the centre of 2 tagged lesions): 3 mm, “away-time” 
(time required for the position of the catheter to change before a new 
lesion is tagged): 8 sec. 

AF ablation measurements
Eight segments of the PV ostia were defined for each PV pair (left, 

and right, respectively), as previously described 12, regardless of whether 
the ipsilateral PVs had separate ostia or jointed into a common trunk. 
These 8 segments were: superior, inferior, anterior, posterior, anterior-
superior, anterior-inferior, posterior-superior, and posterior-inferior. 
The carina was excluded from the analysis. Particular care was taken to 
ensure that segment assignment was similar in both procedures, using 
the following steps: 1. the roof segments were identified and tagged 
from a strict cranial view; 2. the inferior segments were identified and 
tagged from a strict caudal view; 3. Posterior segments were identified 
and tagged by dividing the line uniting the posterior border of the 
roof and inferior segments, respectively, into 3 equal parts; 4. Anterior 
segments were identified and tagged by dividing the line uniting the 

Table 1: Patients’ characteristics

Gender (men); n (%) 8 (73%)

Age (years); mean (SD) 57.7 (10.0)

Body mass index; mean (SD) 27.2 (5.9)

Echocardiography data; mean (SD)

LVEF (%) 48.9% (9.4%)

LA diameter (cm) 4.0 (0.6)

LA Volume (ml) 76 (40)

Time between ablations (months); mean (SD) 9.6 (5.8)

Prior medical history; n (%)

Diabetes 1 (9%)

Hypertension 2 (18%)

TIA / Stroke 2 (18%)

Heart failure 5 (46%)

Type of arrhythmia; n (%)

Paroxysmal AF 3 (27%)

Persistent AF 6 (55%)

Atrial tachycardia 2 (18%)

Medication; n (%)

Betablocker 4 (36%)

Sotalol 3 (36%)

Flecanide 2 (18%)

Amiodarone 1 (9%)

New oral anticoagulants 8 (73%)

SD, standard deviation; LVEF, let ventricular ejection fraction; LA, left atrium, AF, atrial fibrillation.
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anterior border of the roof and inferior segments, respectively, into 3 
equal parts (Figure 1). 

In first procedures, for each PV antral segment, we only considered 
the ablation lesions that are located within 6mm either side of the 
theoretical ablation line drawn around the PV antrum by the operator. 
In each segment, we collected data on:

Table 2: Procedural data

First procedure Redo procedure P value

General anaesthesia, n (%) 1 (9%) 5 (45%) 0.15

Procedural time (min); mean (SD) 187 (56) 248 (163) 0.26

Xray time (min); mean (SD) 22.8 (10.8) 33.4 (15.7) 0.10

Number of points used for voltage map; 
mean (SD)

3039 (1210) 2787 (980) 0.60

SD, standard deviation

- segment length along the ablation line;
- number of lesions;
- total and maximal inter-lesion distance (ILD) (measured from 

edge-to-edge, in mm);
- average CF (g);
- average RF power (W);
- average impedance drop during RF (ohms);
- average and minimum FTI (g*s);
- average and minimum LSI; 
In redo procedures, conduction gaps were defined as discontinuation 

in the presence of dense scar tissue along the ablation line, indicated by 
color coding of the LA voltage map at the PV ostia and confirmed by 
manually checking each 3D surface point containing geometrical and 
voltage data (Figure 1). Conduction gaps were additionally confirmed 
by ablation resulting in PVI, where feasible. Exit and entrance block 
were checked in all PVs at the end of procedure. We defined dense 
scarred tissue (i.e. adequate ablation lesion) as PV antral areas fulfilling 

Figure 2: Receiver-operating characteristic (ROC) of lesion-size index (LSI) values able to discriminate between presence and absence of 
conduction gaps in the ablation line after pulmonary vein ablation.

PV, pulmonary vein; Ss, sensitivity; Sp, specificity; AUC, area under the curve; CI, confidence interval; LSI, lesion size index. 
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to sinus rhythm). Mapping during redo procedure was performed in 
sinus rhythm in 5 patients, in atrial fibrillation in 4 patients, and in 
atrial tachycardia in 2 patients. 

During first procedure RF power, LSI, and minimum LSI were 
significantly higher in segments without conduction gaps compared 
with segments with conduction gaps as documented during the redo 
procedure, while all other ablation parameters were not different (Table 
3). The weakest link in the ablation line (total and maximal ILD) did 
not predict the presence of post-ablation conduction gaps (Table 3). 
Left posterior/inferior segments were smaller in length compared 
with other regions resulting in fewer ablation lesions in these segments 
(Table 4). Interestingly, LSI at right anterior/roof regions was higher 
compared with the other segments (Table 4). 

LSI tended to correlate better than RF power with scar length after 
ablation (LSI: r = 0.40; p <0.001; RF power: r = 0.25; p = 0.012; Fischer 
R-to-Z transform p = 0.13). All other ablation parameters did not 
correlate with scar length after ablation. 

LSI during first procedure was the only predictor of absence of 
conduction gaps after ablation. Best LSI cutoff values for predicting 
absence of conduction gaps were similar in right and left PV segments 
(Figure 2). However, for left PVs, LSI cut-off values were higher for 
anterior/roof segments compared with posterior/inferior segments 
(Figure 2). A cutoff value for right anterior/roof segments was not 
found in this small study cohort. In all segments, conduction gaps 
were always present if the average LSI was ≤3. For clinical application, 
an average LSI of ≥5.3 for left PV anterior/roof segments had >90% 
specificity in predicting absence of conduction gaps for left PV 
segments; while an LSI of ≥4.2 for posterior/inferior segments had 
>80% specificity in predicting absence of conduction gaps for both left 
and right segments (Figure 2).

Discussion
Our data suggest that LSI may be the best predictor of durable 

scarring and absence of conduction gaps after PVI, while other 
ablation parameters (CF, RF power, impedance drop, FTI, minimum 
FTI), and total and maximal gap between ablation lesions did not 
accurately predict conduction gaps. A threshold average LSI ≥5.3for  
left anterior/roof PV antral ablation, and LSI ≥4.2 for left and right 
posterior/inferior PV antral ablation may have high specificity (>80%)
in achieving durable lesion sets, while average LSI ≤3 does not provide 
an effective, durable lesion and should not be accepted. 

The role of AI in predicting PVI has been evaluated using the Smart 
Touch ablation catheter, but most studies have assessed whether AI can 
predict acute PVI. Yazaki et al. 17 found that min AI was significantly 
lower in segments with reconnections than in those without. Mulder 
et al 18found that acutely reconnected PV segments had greater local 
atrial wall thickness (as assessed by cardiac CT), both in anterior/roof 
and posterior/inferior segments, but ablation parameters (minimum 
and average AI, FTI, CF, ablation duration, power, and impedance 
drop) were not associated with acute reconnection at any site. However, 
minimum AI adjusted to local wall thickness was able to predict acutely 
reconnected segments (AUC = 0.78; p < 0.01). 

both of the following criteria:
- a bipolar voltage of ≤0.2mV in SR or AF13-16. This strict cut-off 

value avoids underestimating gap length; and
- absence of near-field / local electrogram.
For each PV segment, we measured:
- dense scar length (in mm) along the ablation line;
- Scar ratio (Gap%) as dense scar length divided by segment length.

Statistical analysis
Statistical analysis was performed with SPSS software (version 20, 

Chicago, Illinois). Categorical variables are reported as counts and 
percentages. Continuous variables are reported as mean ± standard 
deviation. The independent-samples T test was used to compare 
continuous variables. Receiver-operating curve (ROC) analysis was 
used to determine cut-off values and their sensitivity and specificity to 
predict absence of gaps. A two-tailed p value ≤0.05 was considered to 
indicate statistical significance.

Results
Baseline characteristics of the study group are displayed in Table 1. 

Procedural data is shown in Table 2. 

In the 11 included patients, RF lesions were applied in 123 out of 176 
total segments (70%). The reason for lack of RF application in the other 
segments included 2 patients with poor tolerance during conscious 
sedation, and another patient with micro reentrant atrial tachycardia 
confined to the Coumadin ridge following a previous PVI ablation 
performed in another Centre: this was treated with RF ablation 
confined only to the left anterior-superior and anterior segments. Of 
the 123 segments with RF data, 3 were further excluded due to poor 
voltage data density, restricting the final analysis to 120 segments (69 
left PVs segments, and 51 right PVs segments, respectively). During the 
first procedure, ablation was performed in sinus rhythm in 5 patients, 
in AF in 4 patients (all requiring electrical cardioversion at the end of 
procedure), and in atrial tachycardia in 2 patients (successfully ablated 

Table 3: Ablation parameters in relation to presence of conduction gaps

Gaps absent Gaps present P value

Ablation parameters during first procedure

Contact Force (g); mean (SD) 12.8 (6.2) 11.6 (5.9) 0.36

Impedance drop (ohms); mean (SD) 13.9 (4.0) 13.7 (4.5) 0.75

Power (Watts); mean (SD) 31.5 (5.0) 26.7 (7.3) <0.001

FTI (g*s); mean (SD) 158 (80) 142 (95) 0.37

Minimum FTI (g*s); mean (SD) 83 (70) 142 (95) 0.91

LSI; mean (SD) 4.5 (0.7) 3.9 (1.0) <0.001

Minimum LSI; mean (SD) 3.8 (0.8) 3.4 (1.1) 0.044

Segment length (mm)†; mean (SD) 16.1 (4.8) 15.4 (4.3) 0.36

Number of lesions / segment†; mean (SD) 4.3 (4.1) 3.9 (3.3) 0.55

Total ILD (mm); mean (SD) 5.6 (4.3) 5.0 (3.6) 0.47

Maximal ILD (mm); mean (SD) 3.9 (3.1) 3.4 (2.8) 0.45

Scar and conduction gap assessment during 
redo procedure

Segmental postablation scar length (mm) †; 
mean (SD)

15.8 (4.6) 5.7 (4.7) <0.001

SD, standard deviation; FTI, force-time integral; LSI, lesion size index; ILD, inter-lesion distance. 
†segments are defined according to the 8 segment/PV antral region model (see Methods)
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absence of conduction gaps, while LSI seems to be the best tool to guide 
ablation acutely in order to achieve durable PVI. Our data provides 
insight on why previously suggested cut-off values of LSI of 5 – 5.3 
resulted in better long-term outcome, but we also suggest that these 
cut-offs can be adjusted according to the ablated segments (cut-off 5.3 
for anterior/roof segments and 4.2 for posterior/inferior segments). 
We also found that an average LSI ≤3 was always associated with 
conduction gaps, and should be avoided. 

Overall however, LSI performs only moderately well in achieving 
this aim, and poorly at right PV anterior/roof segments. This can 
be explained by: 1. Geometrical and stability assumptions made by 
the mapping system which may not accurately take into account the 
movement of the heart wall in relation to the ablation points throughout 
energy delivery time; 2. Inaccuracies in chamber reconstruction and 
small shift of reference points during ablation; 3. Variable baseline 
tissue electrical impedance along PV segments. Indeed, lesion size 
is dependent on current delivery at a particular impedance, so that 
similar RF power delivery generates different lesions depending on the 
baseline tissue impedance 20. In this study we did not assess whether 
there are potential differences in baseline tissue impedance between 
PV segments, but this is a question which could be addressed in future 
studies. It is worth mentioning however, that the LSI formula takes 
into account current (Amp), as compared with AI which only takes into 
account RF power (W); whether this difference translates in different 
lesion quality by the 2 technologies remains to be established.

The poor predictive power of LSI for durable lesions at the right PV 
anterior/roof region merits further investigation. In addition to the 3 
potential explanations discussed above, the anatomical characteristics 
of this region may also be important. Indeed, while ablating the PV 
anterior/roof segments, the ablation line passes through the left side 

Das et al 19 evaluated 40 patients in whom a redo LA mapping 
procedure was performed 2 months after the index RF ablation in 
order to assess for PV reconnections and whether ablation parameters 
(average AI, minimal AI, average FTI, minimum FTI, and impedance 
drop) where able to predict long-term scarring. Reconnected segments 
had lower AI and FTI compared with non-reconnected segments, 
and cut-off values for both AI and FTI were found to have acceptable 
sensitivity, specificity and positive predictive values for lack of segmental 
reconnections (sensitivity: anterior/roof segments >65%, posterior/
inferior segments >52%; specificity: anterior/roof segments >72%, 
posterior/inferior >88%, positive predictive value:>96% regardless of 
location). 

In vitro studies using the Tacticath ablation catheter have shown that 
LSI has better predictive value compared with FTI in assessing lesion 
quality 4. Clinically, data from the EFFICAS II study suggested that 
LSI correlates better than FTI with presence of acute PVI and absence 
of conduction gaps 5. However, data on optimal target LSI values is 
limited. In the TOCCASTAR study, achieving an LSI >5 combined 
with FTI >400gs, and CF >20g had the best PVI success rate (80% 
when all criteria were met vs 46% when none was met, p = 0.004)6. Also, 
in a study including 37 patients with AF, Dello-Rosso et al. suggested 
that an average LSI value >5.3 can be a good predictor of AF freedom 
at 1-year follow-up 7. In a small study, LSI-guided PVI (target LSI 5.5 
to 6 on anterior segments, 5 to 5.5 on posterior segments) improved 
1-year AF-free outcomes compared with non-LSI guided standard 
ablation 8. Crucially however, none of these studies provided data on 
long-term lesion quality. 

Our results are compatible with the above studies. We confirm that 
simple RF parameters perform poorly in predicting durable PVI and 

Table 3: Anatomical and RF lesion characteristics

Left anterior 
+ roof (LAR)

Left posterior 
+ inferior (LPI)

Right anterior 
+ roof (RAR)

Right posterior 
+ inferior (RPI)

P value (ANOVA with Bonferroni correction) 

(LAR vs LPI) (LAR vs RAR) (RAR vs RPI) (LPI vs RPI)

Ablation parameters during first procedure

Contact Force (g); mean (SD) 11.1 (5.0) 11.1 (6.3) 14.1 (6.0) 14.5 (7.6) 1.0 0.27 1.0 0.29

Impedance drop (ohms); mean (SD) 14.8 (4.1) 13.9 (4.1) 13.7 (4.1) 14.3 (5.2) 1.0 1.0 1.0 1.0

Power (Watts); mean (SD) 31.1 (7.1) 29.0 (6.7) 32.9 (5.0) 27.5 (6.9) 1.0 1.0 0.01 1.0

FTI(g*s); mean (SD) 166 (95) 110 (68) 182 (77) 165 (102) 0.07 1.0 1.0 0.11

Minimum FTI (g*s); mean (SD) 115 (106) 84 (67) 65 (40) 77 (74) 0.67 0.06 1.0 1.0

LSI; mean (SD) 4.2 (0.9) 3.9 (1.0) 4.8 (0.7) 4.3 (0.9) 1.0 0.046 0.19 0.64

Minimum LSI; mean (SD) 3.6 (1.1) 3.6 (1.0) 3.9 (0.8) 3.7 (1.0) 1.0 1.0 1.0 1.0

Segment length (mm) †; mean (SD) 16.3 (4.8) 13.1 (3.6) 16.7 (4.5) 16.6 (5.3) 0.008 1.0 1.0 0.003

Number of lesions / segment†; mean (SD) 5.5 (5.1) 2.6 (2.1) 4.8 (3.3) 3.9 (4.6) 0.01 1.0 1.0 1.0

Total ILD (mm); mean (SD) 4.7 (3.4) 5.6 (4.2) 5.8 (4.4) 5.1 (3.1) 1.0 1.0 1.0 1.0

Maximal ILD (mm); mean (SD) 3.2 (2.4) 4.1 (3.1) 3.6 (2.9) 3.2 (2.8) 1.0 1.0 1.0 1.0

Scar and conduction gap assessment during redo procedure

Segmental postablation scar length (mm) †; mean (SD) 10.2 (7.8) 9.0 (6.3) 14.2 (5.1) 13.1 (6.4) 0.13 1.0 1.0 0.07

Number of segments with postablationconduction gaps†; n 
(%)

18/36 (50%) 20/39 (51%) 8/26 (31%) 11/25 (44%) 1.0 1.0 1.0 1.0

Scar ratio (Gap%)†; mean (SD) 0.44 (0.46) 0.36 (0.41) 0.43 (0.46) 0.50 (0.45) 1.0 1.0 1.0 0.90

SD, standard deviation; FTI, force-time integral; LSI, lesion size index; ILD, inter-lesion distance.
†segments are defined according to the 8 segment/PV antral region model (see Methods). 
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associated with conduction gaps. 
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of the interatrial (Waterson) groove, which frequently has epicardial 
muscle bridges connecting the 2 atria 21. In addition, the thickness of 
the left atrial tissue at the anterior right PV antrum (i.e. away from the 
PV ostia) maybe up to 5mm. As such, it is conceivable that in spite 
of acute PVI and high RF ablation parameters, conduction over the 
epicardial aspect of the left atrial tissue through the interatrial groove 
may recover later, leading to conduction gaps. 

In our study we did not find that the size of gaps between RF 
lesion sets predicted durable scarring and absence of conduction 
gaps in the ablation line. Previous studies (using the Smart Touch 
ablation catheter) have provided mixed results. Yazaki et al. found that 
maximal interlesional distance (ILD) was greater in segments with 
reconnections than in those without (6.5 vs 5.7 mm, p <0.05) 17, while 
Mulder et al. found that average and maximal ILD were not associated 
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1. Overall, these data are reassuring that the current recommended 
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Limitations
This is a pilot study on a limited number of patients and PV 

segments. This is a consequence of the current trend to perform ablation 
procedures using cryoballoon technology due to vastly decreased 
procedural duration, and increased patient comfort 22. Thus, detailed 
analysis of predictive ablation parameters at all segments was not 
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This maybe assessed in future studies, but whether cardiac MRI would 
provide better definition of scar and conduction gaps compared with 
voltage mapping is still to be defined, especially when one considers the 
rather low spatial resolution of cardiac magnetic imaging 24. 

Conclusions
LSI predicts durable scarring and absence of conduction gaps 

after PVI. Target average LSI should be ≥5.3 on left anterior/roof 
PV antral segments, and ≥4.2 for left and right posterior/inferior PV 
antral segments, while average LSI ≤3 should be avoided as it is always 
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Introduction
Catheter ablation for atrial fibrillation (AF) has gained worldwide 

recognition and evolved enormously with new techniques and 

technologies to achieve higher rate of arrhythmia-free survival 1. 
Ablation for paroxysmal AF (PAF) in patients with no structural 
heart disease appears to have excellent success rates in excess of 80% 
with very few complications; some trials have even suggested catheter 
ablation as the first line of treatment in PAF patients 2. However, 
the results are yet to be satisfactory for the treatment of non-PAF, 
including persistent (PeAF) and long-standing persistent AF (LSPAF) 
3. The main concern in this subset of AF population is the lack of 
consensus regarding the best targets to ablate and the most effective 
strategy between trigger elimination and substrate modification, to 
adopt 3. Comparative data from several randomized trials (RCT) have 
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Abstract
Introduction: The limited success rate of conventional ablation approach including isolation of pulmonary veins (PVI) in non-paroxysmal 

AF has led to the search for alternative ablation strategies. In this study, we evaluated the outcome of three different ablation approaches 
for non-paroxysmal AF. 

Methods: Patients were randomly assigned to Group 1: PVI+ isolation of LA posterior wall (PWI), Group 2: PVI+ scar homogenization and 
Group 3: PVI+PWI+ ablation of sustained non-PV triggers.

LA scar (<0.5 mV) was identified by 3-D voltage mapping in sinus rhythm. Freedom from arrhythmia recurrence at 1 year and acute 
procedure-success, defined as AF termination (organization to AT or conversion to sinus rhythm), were compared across the groups

Results: A total of 62 patients were randomized to group 1: 22, group 2: 19 and group 3: 21. Eight (36.3%) in group 1 and 9 (47.3%) in 
group 2 failed to achieve acute procedural success and underwent PVI+PWI+NPV trigger ablation. Acute success was achieved in all (100%) 
group 3 patients.  Acute procedure failure or recurrence of arrhythmia at 1 year was reported in 54.5% (12/22) in group 1, 68.4% (13/19) 
group 2 and 28.6% (6/21) in group 3. Compared to group 3, the combined failure rate was significantly higher in group 2 (Chi-Square p= 
0.011, Odds ratio 5.42 (95% CI 1.40 to 20.97), p=0.014). 

Conclusion: In patients with non-paroxysmal AF, PVI+ scar homogenization was associated with significantly lower success rate compared 
to the ablation strategy targeting PV+ posterior wall +non-PV triggers. 
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shown no additional benefit when either linear ablations or ablation 
of complex fractionated electrograms was performed in addition to 
pulmonary vein isolation (PVI) 4-7. Others have reported mixed results 
regarding the advantages of substrate-guided AF ablation (8, 9). Lastly, 
a number of prospective studies have demonstrated higher success rate 
following PVI + trigger-based ablation in non-paroxysmal AF 10-13. 
To summarize, results from the above-mentioned studies were varied 
barring any definitive conclusion regarding the best ablation strategy 
for PeAF and LSPAF, to be drawn from the findings. Therefore, we 
designed this randomized trial to compare the long-term outcome 
of three ablation approaches for PeAF and LSPAF; PVI plus left 
ventricular posterior wall isolation (PWI), PVI combined with scar 
homogenization and PVI plus PWI and ablation of non-PV triggers.

Methods
TANTRA (Trigger Ablation Prevents Recurrence in non-

paroxysmal AF) was a randomized, single-blinded (patients were 
blinded to group assignment), multi-center study evaluating the efficacy 
of the ablation approaches. The study objective was to assess recurrence 
rates across three AF ablation procedures. The study enrolled 62 eligible 
patients diagnosed with persistent or long-standing persistent AF and 
undergoing catheter ablation at three participating centers. Patients 
were randomly assigned (at 1:1:1 ratio) to receive PVI + PW isolation 
(group 1, n=22), PVI + scar homogenization (group 2, n=19) or PVI + 
PWI + ablation of sustained non-PV triggers (group 3, n=21).  

Freedom from arrhythmia recurrence at one year was the primary 
end point of the study. Freedom from recurrence was defined as no 
episodes of AF, atrial flutter (AFL) or atrial tachycardia (AT) of > 30 
second duration off antiarrhythmic drugs (AAD) at follow-up. Any 
episodes that occurred during the first 12-weeks (blanking period) 
after the procedure were not considered as recurrence. A repeat 
ablation procedure during follow-up was considered failure of the 
index procedure.

The TANTRA trial was approved by respective institutional 
review boards and registered at the US National Institute of Health 
(ClinicalTrial.gov: #NCT01672138). All study-participants provided 
written informed consent.

Randomization Procedure
A computer algorithm written in SAS version 9.4 (Cary, NC) 

was used for generating a central randomization sequence with 
block randomization. The enrolling sites were provided with blocks 
of randomization numbers. Sites were instructed to store the 
randomization sequence at restricted access location. The arm allocation 
was provided to the investigator when the patient was ready to be 
randomized.

Sample Size
The study was planned to enroll 62 patients per arm, to detect an 

effect of 25% for the primary outcome was determined using two-sided 
alpha = 0.05 and power = 0.80 (beta= 0.20). 

However, the trial was terminated early following significantly higher 
acute failure and recurrence rate observed in PVI + scar homogenization 
group (group 2) at the futility analysis.  At the time of early stoppage, 
total 62 patients were enrolled and randomized.

Non-PV triggers were defined as ectopic triggers originating from 
sites other than pulmonary veins such as interatrial septum, superior 

Figure 1:

Kaplan-Meier curves comparing freedom from recurrence of 
AF/AT between study groups after the first ablation. At 323±79 
months follow-up, the recurrence rate off AAD was 28.6% in group 
1, 40.0% in group 2 and 21.1% in group 3 (log-rank p 0.042). Pair-
wise comparison of recurrence rates between group 2 and group 
3 was significant (multiplicity adjusted Log-rank p=0.040). No 
difference observed between group 1 and group 2 (p=0.411) and 
group 1 and group 3 (p=0.367)

Table 1:
Baseline clinical and demographic characteristics by randomized 
study groups

Group 1 (n=22) Group 2 (n=19) Group 3 (n=21)

Age, years 64.0±8.7 65.8±8.6 63.8±9.2

Male 12(54%) 14(74%) 16(76%)

BMI (kg/m2) 30.4±6.8 29.0±4.2 29.7±6.7

Smoking 4(18%) 3(16%) 3(14%)

Alcohol 2(9%) 2(11%) 0(0%)

Hypertension 14(64%) 13(68%) 13(62%)

Diabetes mellitus 5(23%) 6(32%) 4(19%)

CAD 2(9%) 3(16%) 4(19%)

COPD 1(5%) 1(5%) 1(5%)

DVT 0(0%) 1(5%) 1(5%)

Dyslipidemia 8(36%) 7(37%) 8(38%)

OSA 2(9%) 1(5%) 3(15%)

CHF 1(5%) 2(11%) 2(10%)

CABG 0(0%) 1(5%) 2(10%)

PCI 0(0%) 2(11%) 2(10%)

LAD (cm) 4.5±0.8 4.7±0.3 4.2±0.5

LVEF (%) 51.9±12.1 49.5±13.1 52.3±9.9

AF Duration, (Months) 9.4±10.1 13.1±10.8 12.08±14.6

Continuous variables are reported as mean± SD and Categorical variables as number (percentages).
BMI indicates Body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary 
disease; DVT: deep vein thrombosis; OSA: obstructive sleep apnea; CHF: congestive heart failure; 
CABG: coronary artery bypass graft surgery; PCI: percutaneous coronary intervention; LAD: left 
atrium diameter; LVEF: left ventricular ejection fraction; AF: atrial fibrillation.
Groups patients were randomized to: Group 1: patients with Pulmonary Vein Isolation and Posterior 
Wall ablation, Group 2: patients with Pulmonary Vein Isolation and scar homogenization and Group 
3: patients with Pulmonary Vein Isolation, Posterior Wall ablation and Non-Pulmonary Vein trigger 
ablation.
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vena cava, left atrial appendage (LAA), crista terminalis and coronary 
sinus (CS). Only sustained triggers (>30 seconds) were targeted for 
ablation. Non-sustained drivers (repetitive short- lasting bursts of 
arrhythmia (<30 sec) or premature atrial contractions (PAC) (≥10 
beats/minute) with earliest activation from non-PV sites) were not 
included as ablation-targets 11.

Ablation procedures
Institutional protocol for standard mapping and ablation procedure 

was followed by all as described in earlier publications from our group 
11, 14. Briefly, anti-arrhythmic drugs, excepting amiodarone, were 
discontinued 3-5 days before the procedure; amiodarone was stopped at 
least 4-6 months prior to the ablation. All patients underwent ablation 
under general anesthesia and uninterrupted anti-coagulation with 
warfar in or novel oral anti-coagulants (NOACs). 

Group 1
PVI and electrical isolation of the posterior wall between the 

pulmonary veins were performed using 3.5-mm irrigated-tip catheter 
guided by circular mapping catheter, intra-cardiac echocardiography 
and a 3-D mapping system. Radiofrequency (RF) energy was delivered 
with a maximum temperature setting of 420C and a power of up to 
45W. An esophageal probe was utilized in all patients to monitor 
esophageal temperature during ablation in areas in close proximity to 
the esophagus, such as the left atrial posterior wall. When ablating the 
posterior wall, the power was decreased to 35W and energy delivery 
was discontinued when the temperature reached 39°C. Complete 
abolition of all PV potentials rather than decrease in the amplitudes was 

the end point and confirmed by entrance and/or exit block. If ablation 
was unsuccessful in terminating the arrhythmia, cardioversion was 
performed to restore sinus rhythm.

Group 2
Patients in group 2 received PVI first followed by scar 

homogenization. Posterior wall isolation was not performed in this 
cohort. If PVI was unsuccessful in terminating the arrhythmia, 
cardioversion was performed to restore sinus rhythm.

LA scar was identified by 3-D voltage mapping in sinus rhythm; 
low voltage area was defined as a region with bipolar voltage amplitude 
<0.5 mV. PVI was extended to the entire scar area and RF energy was 
delivered until all abnormal potentials in the low-voltage areas were 
eliminated 9.

Group 3
All patients in this group underwent PVI followed by electrical 

isolation of left atrial posterior wall. If arrhythmia did not terminate 
after the procedure, cardioversion was performed.

Next, isoproterenol 20- 30µg/min for 15–20min was given to disclose 
non-PV triggers and to look for acute pulmonary vein reconnection. 
The drug challenge was implemented regardless of the rhythm status 
following PVI+PWI or subsequent cardioversion, i.e. in sinus rhythm 
or in arrhythmia. Mapping was done using the circular mapping 
catheter during isoproterenol challenge to identify the site of origin 
of significant ectopic activity by comparing the activation sequence 
of the sinus beat with that of the ectopic beat. Additional RF energy 
was used to ablate the non-PV foci 14. Only sustained non-PV triggers 
were targeted for ablation. In case of triggers from LAA and CS, those 
structures were electrically isolated.

The procedural end point was local elimination of all pulmonary 
vein potentials along the antra with demonstration of entry block 
and ablation of sustained triggers arising outside the pulmonary vein 
antrum, induced during isoproterenol infusion 11,14.

If acute success was not achieved during the procedure, patients were 
cardioverted. Patients from group 1 and 2 that went back to AFib on 
the table following cardioversion, were counted as ‘acute procedural 
failure’ for the ablation strategy they were randomized to and were 
moved to group 3.

Patients were discharged after an overnight stay on their previously 
ineffective AADs, with the exception of amiodarone, which was never 
restarted during the 12-weeks blanking period.

Follow-up
Follow-up was performed at 3, 6, 9 and 12 months after the procedure 

and every 6 months thereafter, with office visits, cardiology evaluation, 
12-lead electrocardiogram (ECG), and 7 day holter monitoring. 
Additionally, patients were given event-recorders for the first 5 months 
following the procedure and were asked to transmit their rhythm every 
time they had symptoms compatible with arrhythmias and at least 3 
times a week even if asymptomatic. 

Figure 2:

Box plots presenting the true distribution of recurrence rates 
in the study groups, as estimated from the 500 replicates 
of bootstrapped re-sampling.  Compared with the empirical 
distribution in the study sample, this analysis demonstrated 
comparable recurrence rates; median 28.57% (inter quartile 
range 23.08% - 33.33%) group 1, 40.00% (35.61% - 45.45%) in 
group 2 and 20.51% (18.42% - 22.22%) in group 3. Individual 
data points within each group are plotted along the box plots to 
demonstrate the spread of the data.  
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size as the original study data sample. This randomly re-sampled 
bootstrapped data was then used for obtaining the parameter 
distribution and model validation. 

Sensitivity analysis was conducted to assess the robustness of 
the sampling distribution of arrhythmia recurrence at 1-year, with 
reference to the estimated true distribution. Kaplan-Meier analyses 
were performed on each replicate of the bootstrapped samples. Survival 
estimates and summary of censored and uncensored values were 
captured from SAS outputs. This data from the 500 replicates was 
used for descriptive summarization of the distribution of recurrence 
rate across the three study groups. 

Univariate and multivariate Cox proportional hazards models 
were used for identifying significant predictors of AF recurrence. 
Proportional hazards assumption for the covariates was tested by 
Schoenfeld residual analysis. Age, sex, presence of obstructive sleep 
apnea and left-atrial diameter were fitted in the multivariable model as 
controlling variables. Hazard ratios (HR) along with 95% CI from the 
Cox model are reported in the results. HR estimates from the model 
were validated using the bootstrapped random re-sampled data. The 
Cox regression model was run on each replicate of the bootstrapped 
sample. The percentage of times a significant HR achieved in the 
bootstrapped models was used for validation of the original model. 

All enrolled patients who underwent the ablation procedure 
constituted the intent to treat (ITT) population and were included 
in the analysis. All tests were two-sided and a P-value <0.05 was 
considered statistically significant. Analyses were performed using 
SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
A total of 62 consenting patients undergoing their first catheter 

ablation were enrolled and randomized to study groups. The baseline 
demographic and clinical characteristics were not different between 
the groups (table 1). In groups 1, 2, and 3 the mean age was 64.0±8.7, 
65.8±8.6 and 63.8±9.2 years, 54%, 74% and 76% male, left atrial 
diameter 4.5±0.8, 4.7±0.3 and 4.2±0.5 cm, LVEF 51.9±12.1, 49.5±13.1 
and 52.3±9.9 % respectively (table 1 and table 2). 

Of the 19 patients enrolled in group 2, 12 (63.1%) had severe scar, 
5 (26.3%) had moderate and the remaining 2 patients had mild left 
atrial scar. The scars were mostly located in the left atrial posterior wall, 
surrounding the PV ostia and the anterior septum.

Eight of 22 (36.3%) patients in group 1 and 9 of 19 (47.4%) in 
group 2 failed to achieve acute procedural success (AF termination, i.e. 
organization to AT or conversion to sinus rhythm after cardioversion). 
These 17 patients crossed over to receive PVI+PW+NPV trigger 
ablation. Acute success was achieved in all 21 (100%) group 3 patients. 
After the crossover, 14 patients received PVI+ PW isolation, 10 patients 
had PVI+ scar homogenization and 38 patients underwent PVI + 
PW + non-PV trigger ablation. Of the 38 patients in group 3, 6 ( 
15.8%) received LAA isolation. A total of 4 patients (4/38,10.5%) 
received electrical cardioversion at the end of the procedure. Successful 

Oral anticoagulant therapy was continued up to 6 months following 
the procedure, after which it was discontinued in all patients that 
remained arrhythmia-free. If the patients underwent LAA isolation, 
a TEE was performed at 6 months to assess the contractility and flow 
velocity of the LAA and in case of inadequate flow-velocity, patients 
were kept on anticoagulants 15.

Statistical Analysis
Continuous data are described as mean ± standard deviation (median 

and inter-quartile range (IQR) for non-normal data) and as counts and 
percent for categorical variables.  

Arrhythmia recurrence was compared by log-rank test and Kaplan-
Meier curves were generated. Event-free duration was defined as 
time from procedure to occurrence of outcome event (arrhythmia 
recurrence). Patients event-free at end of follow-up were censored on 
date of last assessment. 

The proportion of patients experiencing the combined outcome of 
acute procedure failure and/or recurrence of at 1 year, were reported 
along with the 95% confidence intervals (CI), calculated using Exact 
Clopper-Pearson method. The combined failure rate between groups 
was analyzed using Chi-square test.  

Sensitivity analysis was conducted, using bootstrapping technique, to 
estimate the distribution of arrhythmia recurrence. The bootstrapping 
was performed by taking 500 random re-samplings, with replacement, 
from the study data set. The bootstrapped samples were of the same 

Table 2: Baseline clinical and demographic characteristics by the ablation 
strategies the patients received

Group 1 (n=14) Group 2 (n=10) Group 3 (n=38)

Age, years 63.9±7.2 62.7±9.6 65.2±9.2

Male 8(57%) 5(50%) 29(76%)

BMI (kg/m2) 31.0±7.2 28.9±4.5 29.5±5.9

Smoking 3(21%) 3(30%) 4(11%)

Alcohol 1(7%) 1(10%) 2(5%)

Hypertension 5(36%) 6(60%) 25(65%)

Diabetes mellitus 3(21%) 2(20%) 10(26%)

CAD 1(7%) 1(10%) 7(18%)

COPD 0(0%) 1(10%) 2(6%)

DVT 0(0%) 1(10%) 1(3%)

Dyslipidemia 7(50%) 2(20%) 14(37%)

OSA 1(7%) 0(0%) 5(13%)

CHF 1(7%) 0(0%) 4(11%)

CABG 0(0%) 1(10%) 2(5%)

PCI 0(0%) 0(0%) 4(11%)

LAD (cm) 4.5±0.8 4.6±0.5 4.3±0.5

LVEF (%) 52.4±12.4 48.1±11.4 53.6±10.8

AF Duration (Months) 9.4±10.1 11.6±7.4 14.4±15.1

Continuous variables are reported as mean± SD and Categorical variables as number (percentages).
BMI indicates Body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary 
disease; DVT: deep vein thrombosis; OSA: obstructive sleep apnea; CHF: congestive heart failure; 
CABG: coronary artery bypass graft surgery; PCI: percutaneous coronary intervention; LAD: left 
atrium diameter; LVEF: left ventricular ejection fraction; AF: atrial fibrillation.
Groups represent the actual procedure the patients received. Group 1: Pulmonary Vein Isolation and 
Posterior Wall ablation, Group 2: Pulmonary Vein Isolation and scar homogenization and Group 3: 
Pulmonary Vein Isolation, Posterior Wall ablation and Non-Pulmonary Vein trigger ablation.
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pulmonary stenosis, esophageal injury or major bleeding events were 
reported.

Discussion
The main findings of this randomized trial were the following; 1) 

acute procedural success was achieved in 100% of patients in group 
3, whereas it was 63.7% and 52.6% in group 1 and 2 respectively, 
2) patients undergoing PVI + scar homogenization (Group 2) had 
significantly higher recurrence rate at 1-year compared to group 3, 3)  
patients receiving PVI + PW + non-PV trigger ablation (Group 3) were 
77% less likely to experience recurrence and 4) comparable success rate 
was observed between group 1 and group 3.

The technique and technology of catheter ablation have evolved 
significantly over the last decades improving the safety and efficacy of 
this intervention. However, even though the number of first-time AF 
ablations has increased exponentially in recent years, there is still no 
consensus regarding the best ablation strategy for different AF types 16. 
Our findings, in this regard, provide a direction for the non-paroxysmal 
AF patients.

Complete electrical entrance and exit block from the pulmonary 
veins (PVs) to the left atrium (LA) is a well defined and established 
endpoint of persistent AF ablation 17. Additionally, acute termination 
of AF during the procedure has been proposed as an indicator of 
successful AF substrate modification 17. In addition, the definition 
of acute procedural success in our trial included failure to remain in 
SR following cardioversion at the end of the procedure. Therefore, 
several patients from group 1 and 2 were crossed over to group 3 
as their arrhythmia did not terminate after the assigned procedure 
was completed and they immediately reverted to AF following 
cardioversion. 

As per the study protocol, group 1 and 3 patients received additional 
isolation of the left atrial posterior wall (LAPW); isolation of the 
LAPW has been shown to increase the short- and mid-term success 
rate of PVI in non-paroxysmal AF patients 18-21. The common 
embryologic origin of the PVs and the LAPW provides the anatomic 
basis that suggests the role of LAPW as an arrhythmogenic substrate 
in the origin and maintenance of AF 18. Damiano et al reported ‘failure 
to isolate entire posterior LA’ to be an independent risk factor for AF 
recurrence at one year following the Cox-Maze procedure 19. Sanders 
et al observed 63% success rate with complete LAPW isolation at ~2 
years follow-up 21. However, late recurrences were not uncommon 
even after proven isolation of PVs and LAPW, as shown by our group 
18. In the presence of permanent isolation of PVs and LAPW, trigger 
activities from sites that were not eliminated by this procedure were 
the most likely causative factors behind the late recurrent events 18. 
In non-paroxysmal AF, mechanisms other than PV triggers such 
as arrhythmogenic substrate remodeling plays a crucial role in the 
perpetuation of AF and as the critical substrate for chronic AF typically 
harbors outside PV antra, ablation of targets such as non-PV triggers 
in addition to PV and PW isolation increase the success rate 14.

In our study, adjunctive ablation of non-PV triggers resulted 
in significantly superior success rate compared to PVI plus scar 
homogenization. Fibrotic tissue can promote atrial arrhythmogenesis 

termination of AF at end of procedure was achieved in all patients. 

Acute procedure failure and/or recurrence of arrhythmia at 1 year 
were assessed together as a combined endpoint. Such combined failure 
was reported in 12 of 22 patients (54.5%, (95% CI 32.21% to 75.61%)) 
in group 1, 13 of 19 (68.4%, (43.45% to 87.42%)) group 2 and 6 of 
21 (28.6% (11.28% to 52.18%)) in group 3. Compared to group 3, 
the combined failure rate was significantly higher in group 2 (Chi-
Square p= 0.011, Odds ratio 5.42 (95% CI 1.40 to 20.97), p=0.014). No 
significant difference was observed between groups 1 and 2 (p=0.364).

Recurrence at 1-year follow-up
All patients completed a minimum follow-up of 1 year; the average 

follow-up duration was 323±79 days. The primary endpoint, arrhythmia 
recurrence after a single procedure, off AAD, was reported in 4/14 
patients (28.6%) in group 1, 4/10 patients (40.0%) in group 2 and 8/38 
patients (21.1%) in group 3 (log-rank p = 0.042, figure 2). 

At one year, one of the 6 (16.6%) patients receiving LAA isolation 
had recurrence. No thromboembolic (TE) events were reported.

Pair-wise comparison was performed to assess between-group 
difference. Patients undergoing PVI + scar homogenization (Group 
2) had significantly higher recurrence rate compared to group 3 
(multiplicity adjusted Log-rank p=0.040).  However, the recurrence 
rates between group 1 and group 2 and group 1 and 3 were not different 
(adjusted Log-rank p=0.411 and 0.367 respectively).

Results from the bootstrapped sensitivity analysis assessing the 
robustness of the observed recurrence in the study demonstrated 
recurrence rates similar to the original data set; median 28.57% (IQR 
23.08% - 33.33%) group 1, median 40.00% (IQR 35.61% - 45.45%) 
in group 2 and median 20.51% (IQR 18.42% - 22.22%) in group 3. 
Box plots presenting recurrence rate distribution are displayed in figure 
2. Individual data points within each group are plotted along the box 
plots to demonstrate the spread of the data.  

Predictors of Recurrence
A multivariate Cox model was fitted with covariates mentioned in 

statistical analysis section. Compared to PVI + scar homogenization 
(group 2), patients receiving PVI + PW + non-PV trigger ablation 
(Group 3) were 77% less likely to experience recurrence (HR 0.23 
(95% CI 0.06 - 0.92), p 0.038). However, such significant benefit was 
not predicted for PVI+PW ablation (Group 1) compared to PVI + scar 
homogenization (Group 2) (HR 0.59 (0.14 - 2.32), p=0.44). 

The significant benefit achieved in Group 3 was validated by the 
hazard ratio estimates obtained from the bootstrap re-sampling.  
Receiving PVI + PW + non-PV trigger ablation was shown to be a 
significant predictor in 354 (70.8%) of the 500 re-sampled iterations. 

Complications
Six patients (1 in group 1, 3 in group 2 and 2 in group 3) had groin 

hematoma and 3 patients (1 in group 1 and 2 in group 2) had small 
pericardial effusions that were conservatively managed with fresh-
frozen plasma and protamine. No major adverse events such as stroke, 
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trial has shown no advantage of the latter. Thirdly, AF recurrences 
could have been underestimated as the patients were not continuously 
monitored and we could have missed some asymptomatic events. 
However, patients included in this study were symptomatic and were 
able to distinguish their AF symptoms. In addition, in an earlier study 
conducted by our group, we did not observe significant differences in 
the captured arrhythmia events between the implantable loop recorder 
and conventional monitoring 32. Lastly, as these findings were observed 
in a non-paroxysmal AF population, the results cannot be generalized 
to all AF types. However, in a prospective study including paroxysmal 
AF patients with severe left atrial scar, we observed superior success 
rate in PVI+ non-PV trigger ablation group compared to PVI+ scar 
homogenization 9.

Conclusion
The findings from the TANTRA randomized trial showed 

the advantages of adjunctive non-PV trigger ablation over scar 
homogenization in non-paroxysmal AF patients undergoing their 
first catheter ablation. PVI+ scar homogenization was associated with 
significantly lower success rate compared to the ablation strategy 
targeting PVs plus left atrial posterior wall and non-PV triggers. 
However, because of the small sample size of the analyzed population, 
the results from this study warrants confirmation in subsequent larger 
trials.
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Introduction
Cardiac amyloidosis (CA) is a progressive infiltrative disease caused 

byamyloid fibril deposition in the myocardium1. CA is classified 
into two subgroups known as immunoglobulin light chain (AL) 
amyloidosis, and transthyretin amyloidosis (ATTR-CA)2. ATTR-
CAis divided further into hereditary (ATTRh), in which there is a 

genetic mutation in the transthyret in gene, and wild-type (ATTR 
wt) with no identifiable genetic mutation. The disease carries a high 
morbidity and mortality when left untreated, with the median life 
expectancy of four to five years for ATTR-CA forms and even less 
for those with advanced AL cardiac amyloidosis3,4,5. However, recent 
treatment advancements have led to reduced mortality and reduced 
decline in functional capacity 3.

Atrial arrhythmiain cluding atrial fibrillation (AF) are common 
in patients with CA, and can be seen in up to 70% of patients6, 7. As 
amyloid fibrils accumulate in the myocardium, associated fibrosis 
and left atrial enlargement from diastolic dysfunction predispose to 
arrhythmogenesis2, 8. Antiarrhythmic therapy and cardioversion have 
been used in treatment of AF, atrial flutter (AFL) and reentrant atrial 
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Abstract
Background: Atrial arrhythmias are prevalent in cardiac amyloidosis (CA); however, there is limited data regarding the outcomes of 

catheter ablations in patients with CA.

Methods: Of 473 patients with CA in our database between 2008 and 2019, 353 patients were diagnosed with atrial arrhythmia. We 
included 27 patients with known CA at our institution that underwent radio frequency ablation (RFA) for atrial arrhythmia. The most common 
exclusion reasons among patients received ablations were ablation occurring>1 year before CA diagnosis and ablation indications other than 
atrial arrhythmias.

Results: Of 27 patients who underwent RFA (mean age was 73.3 ± 6.9yrs), 21 (78%) were men, 25 (93%) diagnosed with transthyretin CA, 
and 2 (7%) were diagnosed with amyloid light chain. Antiarrhythmic medications were used prior to ablation by 26 (96%) patients, and 18 
(67%) had a history of prior direct current cardioversion. Eleven (41%) ablations were performed for treatment of atrial fibrillation, 10 (37%) 
for atrial flutter, and 6 (22%) for atrial tachycardia. Overall, there was a 96% rate of acute procedural success. Procedural complications were 
seen in 4 (15%) patients (pericarditis, atrioventricular block, groin hematoma, and acute hypotension). At a mean follow-up of 2.4± 1.6 years, 
21 out of 24 (88%) patients who maintained follow-up experienced recurrence. Of the patients who maintained follow-up, 38% underwent 
repeat ablation. Of patients with recurrent arrhythmia, 38% had recurrence of the same type of atrial arrhythmia. There was no statistically 
significant difference in recurrence of atrial arrhythmia based on initial type of arrhythmia (p=0.06). Tafamid is use prior to ablation showed 
no reduction in the recurrence rate (p=0.79). 

Conclusion: In patients with CA undergoing catheter ablation for atrial arrhythmia, recurrence rates are high and repeat ablation is often 
required.
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tachycardia (AT) with limited success9.Radiofrequency ablation (RFA) 
of atrial arrhythmia has been used to maintain sinus rhythm when 
antiarrhythmic therapy alone is insufficient.

Several small, retrospective studies have suggested that ablation 
of atrial arrhythmiais safe and well tolerated in patients with CA10, 

11,12.  It has also been suggested that RFA of AF earlier in the disease 
course may be more effective in maintaining sinus rhythm13. Many of 
these studies have patient cohorts which predate the widespread use 
of therapies targeting amyloidogenesis. Hence, little is known of the 
impact of these therapies on ablation outcomes.

There is a paucity of data regarding the outcomes, efficacy and 
safety of ablation in a wide variety of atrial arrhythmia in patients with 
different forms of CA. In this retrospective study from a large academic 
referral center, we investigated the efficacy and safety of RFA for various 
forms of atrial arrhythmia, including the rate and type of recurrence, 
echocardiographic changes, and improvements in NYHA class.

Methods
Study Population

This was a retrospective observational study of patients diagnosed 
with CA who were followed at our institution between 2008 and 2019, 
a large academic referral center for CA. The study was approved and 
performed in accordance with our center’s Institutional Review Board.
Of 473 patients with CA in our database between 2008 and 2019, 353 
patients were diagnosed with AF, AFL, or AT. A total of 56 patients 
underwent ablations for variable indications, and 27 patients were 

included for the final analysis (Figure 1).The diagnosis of CA was made 
using mass spectrometry or immunohistochemistry of endomyocardial 
biopsy, bone marrow biopsy, or established non-biopsy criteria 
(pyrophosphate scan, SPEP/UPEP, or genetic testing)14. We included 
patients with catheter ablation for atrial arrhythmia after confirmed 
diagnosis of CA and/or with a history of catheter ablation within one 
year prior to the diagnosis. The one-year cutoff was chosen given that 
these patients likely had undiagnosed CA at the time of ablation. Seven 
patients were excluded for atrioventricular node or surgical ablation, 
sixteen for ablations that occurred >1 year before diagnosis, and six for 
insufficient data to support analysis. Atrioventricular node ablation 
(with no other ablations) was excluded as studies have suggested that 
these patients may have more advanced disease and it is not directly 
targeting any atrial arrhythmia source10.

Patients were classified as ATTRwt, ATTRh, or AL. For patients 
with ATTR-CA, they were classified as I-III according to the scoring 
system developed by Gillmore, et al4. In this scoring system, three stages 
of ATTR-CA are stratified by N-terminal pro-B-type natriuretic 

Figure 1: Consort diagram.

Table 1: Procedural Data 

Success 26 (96.3%)

Ablation Side (n=23)

Right 8 (34.8%)

Left 7 (30.4%)

Bilateral 8 (34.8%)

Intervals  

   Procedure Time (min) (n=2) 358 ± 128

   AH (msec) (n=4) 141± 35

   HV (msec) (n=8) 50 ± 12

Atrial Fibrillation 11 (40.7%)

   Persistent 10 (37.0%)

   Paroxysmal 1 (3.7%)

Atrial Flutter 10 (37.0%) 

   Typical 7 (25.9%)

   Atypical 3 (11.1%)

Atrial Tachycardia 6 (22.2%)

NYHA Change  (n=20)

   Improve 10 (50%)

   No Change 7 (35%)

   Worsen 3 (15%)

Complications  

   Groin Hematoma 1 (3.7%)

   Post Procedural Hypotension 1 (3.7%)

   2nd degree AV Block 1 (3.7%)

   Pericarditis 1 (3.7%)

Ablation Catheters*

   Irrigated 12 (100%)

     THERMOCOOL 5 (41.7%)

   TactiCath 2 (16.7%)

   Unspecified 5 (41.7%)

*Only 12 of the 27 ablation reports included details about the ablation catheters. Of the 27 
ablations, 9 occurred at our institution and the rest were performed at other institutions.
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peptide (NT-proBNP) and estimated glomerular filtration rate 
(eGFR). Stage I had values of NT-proBNP less than 3000 ng/L, as 
well as an eGFR >45 mL/min. Stage II had either NT-proBNP over 
3000 ng/L, or an eGFR <45 mL/min, and Stage III had both. Gillmore 
staging was performed within three months of ablation when possible.

Demographic, medical comorbidities, serologic studies, type of 
arrhythmia on presentation, cardiovascular functional class pre-and 
post-ablation as defined by the NYHA, pre-and post-procedural 
echocardiographic parameters, recurrence of arrhythmia, and tafamidis 
use were extracted from our database. The use of antiarrhythmic 
therapies, (beta blockers, calcium channel blockers, amiodarone, 
dronedarone, propafenone, and flecainide) were recorded. All 
direct current cardioversion and catheter ablation procedural data 
was recorded. Imaging prior to ablation was obtained through pre-
procedure transesophageal echocardiogram, unless data was unavailable 
in which case recent transthoracic echo cardiogram was obtained. 
Ejection fraction was measured by Simpson’s biplane technique. Left 
atrial diameter measured by transthoracic echo cardiogram was used to 

Table 2: Baseline Characteristics

Age 73.3 ± 6.9

Race  

   White 21 (77.8%)

   African American 4 (14.8%)

   Asian 2 (7.4%)

Gender

Male 21 (77.8%)

Female 6 (22.2%)

Hypertension 14 (51.9%)

Diabetes 3 (11.1%)

Ischemic Heart Disease 8 (29.6%)

Amyloid Type  

   ATTRwt 20 (74.1%)

   ATTRh 5 (18.5%)

   AL 2 (7.4%)

Diagnosis  

   Myocardial Biopsy 9 (33.3%)

   PYP Scan 17 (63%)

   Bone Marrow Biopsy 1 (3.7%)

Tafamidis Use

   Prior to Ablation 7 (25.9%)

   Following Ablation 18 (66.7%)

Antiarrhythmic therapy

   Beta Blocker 22 (81.5%)

   Digoxin 2 (7.4%)

   Diltiazem 3 (11.1%)

   Amiodarone/Dronaderone 12 (44.4%)

   Dofetilide 2 (7.4%)

Cardioversion

   Attempted 18 (66.7%)

   Acute procedural success 14 (77.8%)

   Unsuccessful 2 (11.1%)

   Not Specified 2 (11.1%)

PYP = Pyrophosphate; CCB = Calcium Channel Blocker

quantitate atrial size. Post-ablation NYHA assessments were gathered 
started at three months following ablation. Death was confirmed by 
electronic medical record and/or through obituary collection.

Catheter Ablation
Catheter mapping and ablation were performed while patients 

were under conscious sedation or general anesthesia. Standard multi-
electrode catheters, recording equipment, and 3D electroanatomic 
mapping (CARTO, Biosense Webster, Diamond Bar, California, or 
EnSite Precision, Abbott, Abbott Park, Illinois, AcQMap, Acutus 
Medical, Carlsbad, CA) systems were employed. Intracardiac 
echocardiography was used at the discretion of the attending 
electrophysiologist. Ablation catheters used were either a 3.5-mm 
open-irrigated electrode (Thermocool, Biosense Webster) or a 3.5-
mm open-irrigated electrode (TactiCath, Abbott) (Table 1). RFA was 
performed with 25 to 40 W (temperature-controlled at 43ºC to 45ºC) 
power using irrigated tip catheters. 

Patients with AT at baseline underwent complete activation and 
voltage mapping (scar was defined as bipolar voltage values ≤0.5 mV) 
followed by entrainment mapping. Mapping always occurred in the 
right atrium, while transseptal puncture and mapping of the left 
atrium was left to the discretion of the attending electrophysiologist. 
For patients in sinus rhythm at baseline, programmed right and left 
atrial stimulation and burst pacing and intravenous isoproterenol 
were used to induce atrial tachycardia. The cycle length and surface 

Figure 2:

Atrial bipolar (A) and unipolar voltage (B) maps of the patient 
with transthyretin cardiac amyloidosis in sinus rhythm. 
Extensive low voltage area is noted especially over the posterior 
left atrium, as only the left atrial appendage is spared. (Scar 
is defined as atrial bipolar voltage of ≤ 0.5 mV and unipolar 
voltage of ≤ 0.78). Eleven (41%) cases show areas of scar and 
no local electrocardiogram indicative of atrial fibrosis/scarring 
and/or atrial defragmentation.
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patients, mean follow-up duration was 2.4 years (range 0.5– 5.4 years).

Statistical Analysis
Continuous variables are presented as mean ± standard deviation. 

Categorical variables are reported as frequencies and percentages. 
Time to recurrence was calculated using the Kaplan-Meier method 
with a time-to-event modification. Differences between groups were 
analyzed using log-rank (Mantel-Cox) analysis. A two-sided p value 
of < 0.05 was considered statistically significant. Cardiac characteristics 
collected before and after ablation were compared using Paired t-tests 
and Wilcoxon signed-rank tests. Statistical analysis was performed 
using Prism 9.

Results
Overall, 27 patients were included in our study (mean age was 73.3 

± 6.9 years) (Table 2). Antiarrhythmic medications were used prior 
to ablation by 26 (96%) patients, and 7 patients (25.9%) were taking 
tafamidis at time of ablation. Eleven more patients (41%) initiated 
tafamidis following ablation at an average of 482 ± 268 days following 
ablation. Three (11%) patients had a biventricular pacemaker and 4 
(15%) patients had a biventricular implantable cardioverter defibrillator 
at the time of ablation. 

There was a 96% acute ablation procedural success rate (n=26). The 
largest proportion of ablations were performed for indication of AF 
(41%, n=11)(Table 1).Ten (37%) ablations were for AFL and 6 (22%) 
for AT. Notably, in 11 (41%) of cases, there were areas of scar and no 
local electrocardiogram indicative of atrial fibrosis/scarring and/or 
atrial defragmentation (Figure 2). By Gillmore staging criteria, 16 
(64%) of 25 patients with NAC staging data were in stage one, 5 (20%) 
stage two, and 4 (16%) in stage three (Table 3).

Outcomes of Catheter Ablation
During a mean follow-up of 2.4 ± 1.6 years, 88% of the 24 patients 

who maintained follow-up experienced recurrence of atrial arrhythmia 
(Table 4) at an average of 197 ± 136 days following ablation. Of these 
21 patients, 13 (62%) recurrences were detected by electrocardiogram 
and 7 (33%) were detected by a device interrogation. The thirty-day 
recurrence rate was 21%. Six- and twelve-month recurrence rates 

ECG morphology of the induced arrhythmia were compared to the 
prior documented arrhythmia characteristics when possible. Acute 
procedural success was defined by the inability to induce sustained 
atrial tachycardia via programmed cardiac stimulation after ablation.

For patients with AFL, the circuit was confirmed via 3D 
electroanatomic mapping and entrainment maneuvers. In cases of 
typical AFL with cavo-tricuspid isthmus (CTI)-dependent flutter, 
ablation was performed to create a linear lesion from the tricuspid 
annulus to the inferior vena cava. Bidirectional conduction block 
across the ablation line was confirmed by differential pacing prior 
to termination of the procedure. In cases of AFL where a non-CTI-
dependent macro-reentrant circuit was present, ablation was performed 
across the critical isthmus as determined by 3D electroanatomic 
mapping and entrainment maneuvers. Termination of the AFL during 
RFA was observed prior to termination of the procedure. Successful 
ablation was defined as bidirectional block across the ablation line as 
confirmed by differential pacing.

For patients with AF, ablation was performed to achieve electrical 
isolation of all pulmonary veins. Success of the pulmonary vein isolation 
(PVI) was confirmed by achievement of electrical entrance and exit 
block of all pulmonary veins. Other ablation techniques, such as wide 
area circumferential ablations, mitral isthmus ablations, atrial wall 
ablations, and appendage ablations were performed at the discretion 
of the attending electrophysiologist.

Outcomes
The primary outcome was time to arrhythmia recurrence. Atrial 

arrhythmia recurrence was defined as any atrial arrhythmia lasting 
longer than 30 seconds on ECG, device interrogation, or ambulatory 
monitors. Patients were followed to their most recent known follow-
up or until June 1, 2021. Two patients had follow-up for less than 
one month. One patient underwent a failed ablation which did not 
terminate the arrhythmia during the procedure. For the remaining 24 

Table 3: Baseline Cardiac Characteristics 

Ejection Fraction 43.6 ± 16.2

IVS 1.6 ± 0.34

LVPW 1.5 ± 0.39

LVID(d) 4.5 ± 0.92

Left Atrium Dilation  (n=21)

   Mild 6 (28.5%)

   Moderate 9 (42.9%)

   Severe 6 (28.5%)

Mitral Regurgitation (n=23)

   Mild 19 (82.6%)

   Moderate 4 (17.3%)

   Severe 0 (0%)

Gillmore Stage (n=25)

   Stage 1 16 (64%)

   Stage 2 5 (20%)

   Stage 3 4 (16%)

IVS = Inter-Ventricular Septum;
LVPW = Left Ventricular Posterior Wall Thickness;
LVID(d) = Left Ventricular Internal Diameter (diastole)

Figure 3:
Kaplan-Meier estimates for arrhythmia recurrence after 
catheter ablation for patients with atrial arrhythmia and cardiac 
amyloidosis.
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at 3-12 months following ablation. Nine (47%) of the 19 patients 
who had pre- and post-ablation echocardiogram had improvement of 
their ejection fraction by 5% or more (Figure 6). There was no overall 
difference in pre-ablation and post-ablation ejection faction values 
(p=0.29).There was a significant difference in the severity of left atrial 
enlargement between pre-ablation and post-ablation echocardiograms. 
Six (43%) of 14 patients with left atrial size measurements demonstrated 
improvement following ablation (p=0.03). NYHA class designation, 
when available, was recorded from the physician’s assessment within 
3 months prior to ablation, and measured 3-12 months after the 
procedure. NYHA class improved in 10 (50%) of 20 cases at 3-12 
months (Figure7), remained unchanged in 7 (35%) patients, and 
worsened in 3 patients (15%).  There was a significant difference 
between the NYHA class in patients before and after ablation (p=0.01).

Discussion
Acute procedural success rate for RFA of atrial arrhythmia in our 

cohort with particularly less severe forms of CA was excellent. However, 
atrial arrhythmia recurred in the majority of patients by 12 months. 
Nevertheless, nearly half of the patient’s experienced improvement 
in NYHA score, left atrial enlargement, and ejection fraction post 
ablation. Tafamidis, which a minority of patients in this study took 
prior to ablation, did not demonstrate an effect on the recurrence rates 
of atrial arrhythmia. 

One-year recurrence rate was 75% in our cohort which is higher 
than the recurrence rate in patients without CA15. It is possible 
that arrhythmia recurrence was even earlier in this population than 
the results indicate, as most new recurrences were documented on 
electrocardiogram as opposed to outpatient monitoring systems. 
Patients with CA represent a unique subset of patients with medically 
refractory atrial arrhythmia, owing to their advanced atrial disease, 
scarring, and secondary dilatation. Barbhaiya and colleagues also 
reported that 6 of 7 (86%) patients with ATTR-CA or AL undergoing 
RFA had recurrent AT/AF at follow-up10. However, Black-Maier 
et al noted a 1-year arrhythmia-free survival of 40% in their cohort 
of thirteen ATTR-CA and AL patients undergoing AT/AF/AFL 

were 38% and 75%, respectively (Figure 3). In total, 9 (38%) of the 24 
patients that maintained follow-up underwent repeat ablation.

The most common recurrent atrial arrhythmia was AF, which 
occurred in 9 patients (43% of recurrences). There was no difference 
in recurrence of atrial arrhythmia based on initial type of arrhythmia 
(p=0.06) (Figure 4), Gillmore stage of disease (p=0.71 comparing 
stage I vs. combined stages II & III), or use of tafamidis at time of 
ablation (p=0.79). Eight (38%) of 21 patients with recurrent arrhythmia 
had recurrence of the same type of atrial arrhythmia (Figure 5). Four 
patients had acute procedural related complications. The complications 
were transient post-procedural hypotension, 2nd degree heart block, 
femoral hematoma, and pericarditis (Table 1). 

Patients Diagnosed with Cardiac Amyloidosis after Ablation
Of the 27 patients in the study, 11 (41%) underwent ablation within 

one year prior to diagnosis of CA. Mean time to diagnosis from ablation 
was 156 ± 127 days. The most common indication was AF (64%). 
Five (45%) of the 11 patents were noted to have scarring in bipolar 
voltage mapping of the left atrium (mapped in sinus rhythm) (Figure 
2). Ten (91%) of the 11 patients who underwent ablation prior to CA 
diagnosis experienced arrhythmia recurrence at an average of 208 ± 
150 days following the initial ablation. There was no difference in time 
to arrhythmia recurrence between patients diagnosed with CA before 
versus after ablation (p=0.75).

Echocardiographic and Symptomatic Outcomes
A total of 19 (70%) of the 27 patients had pre- and post-procedure 

echocardiograms (transthoracic echocardiogram and transesophageal 
echocardiogram), measured within 3 months prior to procedure and 

Table 4: Recurrence Arrhythmia Data* 

Total Recurrences 21 (87.5%)

Same Arrhythmia 10 (48%)

Initially AF  (n=10)

   AF 3 (30%)

   AFL 4 (40%)

   AT 3 (30%)

Initially Typical Flutter  (n=6)

   AF 4 (67%)

   AFL 2 (33%)

   AT 0 (0%)

Initially Atypical Flutter  (n=1)

   AF 1 (100%)

   AFL 0 (0%)

   AT 0 (0%)

Initially AT  (n=4)

   AF 1 (25%)

   AFL 0 (0%)

   AT 3 (75%)

Repeat Ablation 9 (37.5%)

AF = Atrial Fibrillation, AFL = Atrial Flutter,
AT = Atrial Tachycardia
*N=24 for the table. Two patients were censored from this table who were lost to follow up and 
passed away within 1 month. Another patient failed ablation and was censored.

Figure 4:

Kaplan-Meier estimates for arrhythmia recurrence after 
catheter ablation for patients with atrial arrhythmia and cardiac 
amyloidosis stratified by pre-ablation rhythm of atrial fibrillation 
(AF) versus atrial flutter (AFL) versus atrial tachycardia (AT).
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this group of patients ablated prior to CA diagnosis, 45% were noted to 
have significant scarring in the atria. Liang et al noted similar diffuse 
left atrial voltage abnormalities in a patient undergoing ablation who 
was subsequently diagnosed with CA 18. Further investigation is needed 
to see if diffuse atrial scarring or any patterns of scarring could be an 
indicator of CAand could be used for screening and early diagnosis. 

The ACC/AHA/HRS have a Class II a recommendation of catheter 
ablation for symptomatic persistent AF refractory to antiarrhythmic 
drugs in patients without CA16. In our patient population with a mixture 
of patients with AF, AFL, and AT, NYHA class improved in 50% of the 
patients at 3-12 months. On the positive note, our study is comparable 
to other studies which have also demonstrated improvement in 
symptoms. Tan et al demonstrated 70% improvement in NYHA class 
at 6 months post ablation11. Additionally, echocardiographic features 
such as left atrial enlargement demonstrated improvement following 
ablation in our patient population. Nevertheless, 38% of the patients 
required repeat ablation despite being on antiarrhythmic therapy and 
being at early stages of the disease.

Study Limitations
Our sample size was small, which increases the probability of a type 

II error. We also included patients within one year of their amyloid 
diagnosis. The decision to include ablations in patients not yet formally 
diagnosed cardiac involvement was based on the high probability that 
CA was already present in these patients. The majority of patients 
present late in the course of the disease, often following a clinically 
quiescent period of at least two years 17. Given the indolent nature of 
ATTR-CA, the disease is present for as much as three to five years 
prior to diagnosis. Additionally, selection bias may have occurred since 
patients with advanced disease may have been deemed poor candidates 
for an ablation procedure. Finally, symptom improvement might be 

ablations 12. Donnellan and colleagues, reported higher recurrence of 
arrhythmia (58%) in their cohort of patients with ATTR-CA when 
they followed them up for 39 ± 26 months 13. There was a higher 
prevalence of stage III disease in their study when is compared to 
our cohort (42% vs. 16%). The wide range of recurrence among these 
small studies are most likely due to the differences in severity of CA, 
patients’ comorbidities, characterization of the recurrences and types 
of arrhythmia recurrence. 

The effect of tafamidis on the natural course, development, and 
recurrence of atrial arrhythmias is unclear, especially in the context of 
ablation. Similar studies have included patients without use of tafamidis 
for ATTR-CA.12 Of the seven patients receiving treatment for CA 
with tafamidis (26%) in our study, there was no statistical significance 
for a reduced risk of recurrence. Further prospective, larger scale trials 
are warranted to study this important clinical question.

AF was the most common overall recurrent arrhythmia. This was 
particularly true in patients with AFL initially as AF accounted for 5 
(71%) of the recurrences in these patients. This suggests that recurrence 
was not necessarily due to failure of initial ablation, but rather there 
was a natural progression of disease. Up to 70% of patients with CA 
will experience AF in their disease course 6, 7. Tan and colleagues, noted 
no recurrence of typical AFL at 1-yearfollow-up in their subset of 
typical flutter ablation and the recurrences of atrial arrhythmia were 
mostly AF11. 

Donnellan et al also reported no significant change in the recurrence 
rates of atrial arrhythmia among Gillmore staged group. Similar 
results were seen in this study; however, the majority of our patients 
population were in the early stages of disease12. There has been an 
effort to diagnosis CA in its early stages, as it usually diagnosed once 
it is in its more advanced stages 14, 17. With improvements in early 
identification of disease, it is likely more patients with arrhythmia 
will have an established diagnosis of CA. Improvements in patient 
survival are also likely to have an increased burden of arrhythmia as 
longer survival will allow for more amyloidogenesis and subsequent 
arrhythmogenesis. Of the patients in this study who underwent 
ablation for atrial arrhythmia prior to cardiac amyloidosis diagnosis, 
nearly all experienced recurrent arrhythmia. This indicates that early 
ablation might not significantly reduce arrhythmia recurrence. Among 

Figure 5:

Type of atrial arrhythmia that first presented following ablation 
stratified by pre-ablation arrhythmia type of atrial fibrillation (AF) 
versus atrial flutter (AFL) versus atrial tachycardia (AT). In total, 
there are 10 recurrences in the AF group, 7 in the AFL group, and 
4 in the AT group.

Figure 6:

Percent of patients whose echocardiographic features of 
ejection fraction (EF), left atrial (LA) size, mitral regurgitation 
(MR) severity, and tricuspid regurgitation (TR) severity changed 
following ablation. EF change is defined as post-ablation change 
>5%. LA size change is defined as a change in reported class 
of enlargement (normal, mild, moderate, or severe). MR and TR 
change is defined as a change in reported class of enlargement 
(normal, mild, moderate, severe, or torrential).
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secondary to other factors besides the ablation procedure itself. 

Conclusion
In patients with CA undergoing catheter ablation for atrial 

tachycardias, recurrence rates are high and repeat ablation is often 
required. However, this data shows that RFA combined with 
antiarrhythmic therapy still may be a viable option for symptomatic 
improvement in patients with CA.
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Figure 7:

NYHA class of patients before and after ablation stratified by 
pre-ablation arrhythmia type of atrial fibrillation (AF) versus 
atrial flutter (AFL) versus atrial tachycardia (AT). NYHA class 
improved for 1 patient with AF, stayed the same for 4 patients, 
and worsened for 1 patient. NYHA class improved for 4 patients 
with AFL and worsened for 1 patient. NYHA class improved for 2 
patients with AT, stayed the same for 1 patient, and worsened 
for 1 patient.
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Introduction
Atrial fibrillation (AF) is the most common form of sustained cardiac 

tachyarrhythmia. It is thought that 6-12 million people will suffer from 
AF in the US by 2050 and approximately 18 million people in Europe 
by 20601-3.AF incurs a significant economic burden as it is a major risk 
factor for stroke, resulting in high rates of hospitalization, morbidity, 
and mortality4-6. The prevalence of AF is low among young individuals 
(<1% in people younger than 40 years) but increases with age, reaching 
between 10% and 17% in those older than 80 years7. Importantly, AF 

shares strong epidemiological associations with other conditions, 
including heart valve disease, diabetes mellitus, hypertension, obesity, 
metabolic syndrome, sleep apnea and inflammation8, 9.Other less 
common causes are restrictive cardiomyopathies such as amyloidosis, 
constrictive pericarditis, cardiac tumors, and severe pulmonary 
hypertension10. Recent work has also provided evidence that alcohol 
consumption and physical activity may play an important role in AF11. 
Although studies have shown that genetic factors can contribute to 
AF 12, when 1.4 million Medicare patients having 375,000 incident 
episodes of AF over 3.2 years were studied with respect to different 
races, the incidence (per thousand person-years) of other races was 
comparable to that of the Caucasian population; Caucasian (35.7), 
African American (28.2), Hispanic (26.9), Asian (26)13. Taken together, 
these studies suggest that genetic factors alone cannot explain the 
global prevalence of AF and that lifestyle practices do indeed play an 
important role. Given the increase in the incidence of AF worldwide, 
it is critical to investigate the potential impact of non-genetic factors 
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Abstract
Background: Atrial fibrillation (AF) is the most common form of cardiac arrhythmias and often results in complications associated with 

high morbidity and mortality. While genetic factors undoubtedly play an important role in AF prevalence and pathophysiology, recent studies 
have begun to uncover equally important contributions from non-genetic factors such as lifestyle habits, age, and gender. Despite advances 
in AF research, many questions remain unanswered.

Objective: Our main objective is to examine whether non-genetic factors have a causative role or exacerbate pre-existing AF. Our secondary 
objective is to identify opportunities for lifestyle changes that could help in mitigating risks associated with AF.

Methods: To prepare this narrative review paper, Medline PubMed was used to search for relevant literature published between 2000 and 
2021 using key terms including atrial fibrillation and age, gender, hypertension, type II diabetes, obesity, dyslipidemia, exercise, smoking, 
and alcohol and coffee consumption.

Conclusion: The latest literature provides more evidence that various lifestyle parameters seem to contribute to the development and 
exacerbation of AF. The pathophysiology in most cases is related to an increase in inflammatory mediators that perturb atrial tissue and 
adversely affect electric signaling in atrial substrates. It is reasonable to suggest that in some instances lifestyle modifications, such as 
weight loss, can reduce the incidence of AF. We believe that applying lifestyle modifications may have beneficial effects for patients with AF. 
The exciting field of AF research continues to rapidly evolve and holds great promise in the way of future therapeutic as well as preventative 
measures.
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with respect to AF. Herein, we comprehensively review how some key 
lifestyle modifications can affect AF, where some key established factors 
are summarized in Figure 1. We examine whether these factors can 
have a causative role or exacerbate pre-existing AF. Finally, we consider 
if there is an opportunity to mitigate the risks associated with AF by 
incorporating and applying changes in lifestyle habits.

Methodology
This is a narrative review paper that was prepared by using the 

following key terms to identify manuscripts indexed in Medline 
PubMed: “atrial fibrillation and age”, “atrial fibrillation and gender”, 
“atrial fibrillation and lifestyle modifications”, “atrial fibrillation and 
age”, “atrial fibrillation and smoking”, “atrial fibrillation and diabetes”, 
“atrial fibrillation and obesity”, “atrial fibrillation and cholesterol”, 
“atrial fibrillation and hypertension”, “atrial fibrillation and smoking”, 
“atrial fibrillation and caffeine”, “atrial fibrillation and alcohol intake”, 
“atrial fibrillation and physical activity”. Figure 2 outlines the search 
strategy that we employed for this narrative review manuscript. Table 
1 summarizes the key mechanisms that have been shown to drive AF 
for each factor.

Age 
Age has been found to be the most important risk factor for AF in 

the general population 14, 15. The age-dependency of AF was initially 
demonstrated by European and North American epidemiological 
surveys, but more recently, reports from Asia also show that age-related 
AF is an emerging global threat16, 17. Critically, the age-dependence 
of AF, combined with an aging population, implies that aging is the 
main contributor to the expected 2.5-fold increase in AF incidence18. 

AF is the most common arrhythmia in patients older than 65 years. 
For patients older than 80 years, the corresponding rate is approximately 
10% 3, while 70% of individuals with AF are between the age of 65 and 
85 years 19. Moreover, AF prevalence exceeds 20% in the octogenarian 
population, while AF incidence progressively doubles with each decade 
after 65 years 20. Given the global increase in life expectancy, age will 
continue to be a non-modifiable risk factor for AF 21. It is important to 

note that epidemiological studies underestimate the exact prevalence 
and incidence of AF since a substantial proportion of elderly patients 
are asymptomatic, with AF frequently discovered at a routine physical 
examination or at the time of a stroke 22, 23.

The pathophysiology of age-related AF is believed to be driven by the 
myocardial fibrosis and atrial dilation that occurs with an aging heart. 
This is further exacerbated since AF creates electrical and structural 
remodeling in the atria by shortening, mismatching, and lengthening 
the effective refractory period, hence depressing the intra-atrial 
conduction, and compromising its contractile function24. Left atrial 
(LA) size, which is a major biomarker of AF and a determinant of AF 
perpetuation, increases with age in humans25. Furthermore, a variety 
of nonfibrotic structural changes can contribute to age-related AF. 
For example, senile amyloidosis drives age-related atrial remodelling: 
amyloid deposits affect all cardiac chambers, particularly the atria, and 
atrial amyloidosis has been implicated as a potential AF substrate26.

Additionally, sinus node dysfunction, incidence of which parallels 
that of AF, has been shown to be associated with aging27. Pre-clinical 
animal studies have found age-related changes in sinus-node pacemaker 
properties, including decreases in the sodium current, connexin-43 
expression, and L-type calcium channel activity28. Indeed, patients with 
sinus node dysfunction have evidence of diffuse atrial cardiomyopathy 
including atrial fibrosis, increased right-atrial refractoriness, and 
conduction slowing29. In fact, both AF and sinus node dysfunction can 
result from a common underlying age-related atrial cardiomyopathy30. 
It is yet to be established whether there is a causal relationship that 
explains the close association between sinus node dysfunction and 
AF as a function of age. Of course, there may also be a common set of 
aging-induced mechanisms that drives this association. 

Moreover, cellular aging is linked with apoptosis, autophagy, and 
compensatory hypertrophy 31. Studies have found that increased 
autophagy leads to AF-maintaining substrate32, while atrial 
cardiomyocyte hypertrophy changes cellular Ca2+ transients in a 
manner that may promote AF33. Dysregulation of Ca2+ channels 

Figure 1: A schematic summarizing the major lifestyle factors contributing 
to atrial fibrillation.

Table 1:
Key underlying mechanisms that have been shown to drive AF 
development with respect to risk factors.

Risk factor Underlying mechanism(s)

Age Myocardial fibrosis; atrial enlargement; senile amyloidosis; sinus node 
dysfunction; cellular aging: apoptosis, autophagy, compensatory hypertrophy

Gender Differences in electrophysiological substrates; sex hormones; autonomic 
nervous system; atrial remodelling (women)

Hypertension Hypertrophy; fibrosis; left atrial inflammation; structural changes in the left 
ventricle and diastolic dysfunction

Diabetes Atrial remodelling; inflammation; oxidative stress; increased expression 
of growth factors; impaired atrial electromechanical function; autonomic 
dysfunction

Obesity Multi-cardiac chamber enlargement; metabolically active epicardial adipose 
tissue; sleep-apnea induced acidosis

Dyslipidemia Non-conclusive; increased inflammation from atherosclerotic plaques

Exercise Non-conclusive with respect to degree of vigorous physical activity and AF

Smoking More likely due to cardiovascular-related harms associated with tobacco 

Alcohol and 
Caffeine 
Consumption

More convincing evidence supporting alcohol consumption and AF 
development; caffeine consumption not shown to definitively increase risk 
of AF
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can contribute to arrhythmias, including AF34. Multiple studies 
have shown age-related dysfunction of Ca2+ channels and receptors, 
some of which have implicated JNK, ryanodine receptor 2, and Ca2+/
calmodulin-kinase type II18. Also, there have been many reports that 
have assessed age-related electrophysiologic changes within the atria, 
but findings have been discordant. Most of these studies have been 
performed in pre-clinical animal models and have found changes 
in ion channels that were associated with aging and resulted in AF-
promoting electrophysiological remodeling. Indeed, age-dependent 
action potential studies demonstrate resting potential depolarization 
and action potential duration prolongation, changes that promote the 
development of arrhythmogenic after-depolarizations18. 

Gender
Studies have shown that the incidence of AF in women is 1.6 cases 

per 1,000 person-years, and 3.8 cases per 1000 person-years in men 
35, 36. Overall, women have a slightly lower lifetime risk of developing 
AF than men 36, while studies have also found that the prevalence of 
age-adjusted AF is higher in men (7.4% for women and 10.3% for 
men) 35. On average, women develop AF 10 years later than men 37. In 
the Framingham Heart Study, the lifetime risks for AF in females and 
males aged 60 years were 23.4% and 25.8%, respectively, whereas in 
the Rotterdam Study, the lifetime risks for females and males 55 years 
old were 22.2% and 23.8%, respectively 36. It is important to note that 
although male patients have higher morbidity, prevalence, and lifetime 
risk for AF, the absolute number of female patients exceeds that of 
males due to differences in overall life expectancy between men and 
women. Moreover, the Atherosclerosis Risk in Communities (ARIC) 
study found that the prevalence of AF among white males, white 
females, African American males, and African American females was 
6.7, 4.0, 3.9, and 3.0 per 1,000 people per year, respectively 38.

It is known that there are gender differences in electrophysiologic 
properties. For instance, women have a prolonged QT interval compared 
to men. The reason for this difference is not well understood; however, 

sex hormones, which have been shown to affect ventricular calcium 
channels, have been postulated to play an important role39. Although 
gender differences in ventricular repolarization are established, sex 
differences in atrial electrophysiology are not as well-studied. A study 
investigated changes in atrial effective refractory period (ERP) during 
atrial pacing and found that the degree of shortening of atrial ERP 
was smaller in pre-menopausal women compared to post-menopausal 
women and men. A shorter atrial ERP is a component of the electrical 
remodeling process that promotes AF. Although a small study, these 
findings suggest that female sex hormones are protective against AF, 
which may explain why the incidence of AF rises in post-menopausal 
women40.

Moreover, non-pulmonary vein triggers are more common in 
women with AF compared with men41. Studies have also found genetic 
differences in ion channel expression between men and women42. 
Gender differences in autonomic control of the cardiovascular system 
have been reported as well. In men sympathetic-mediated responses are 
more common, whereas women have higher degrees of parasympathetic 
activation, which has been associated with an increased propensity 
of AF due to extensive vagal innervation of the atrial muscle sleeves 
extending into the pulmonary veins43. There is also significant gender-
based differences in AF-related atrial remodeling. For example, in a sub-
analysis of the AF Follow-up Investigation of Rhythm Management 
(AFFIRM) trial, female gender was significantly associated with higher 
rates of left atrial remodeling and adverse cardiovascular endpoints 44. 
Li and colleagues analyzed tissue samples from men and women with 
long-standing, persistent AF and found that women have a significantly 
higher degree of fibrotic remodeling compared to men45. Another study 
reported that female gender was independently associated with delayed 
gadolinium enhancement in patients with AF, as well as in patients 
with no AF or structural heart disease46. Importantly, gender affects the 
relationship between other risk factors and AF. For instance, obesity 
appears to impart a higher risk of AF in men compared to women, 
while women with AF have a lower prevalence of coronary disease and 
sleep apnea when compared to men47.

Hypertension
Although there is debate regarding the mechanism, AF and 

hypertension often coexist: among those with established AF, 
hypertension is present in 60-80% of individuals 48. A Framingham 
study found that hypertension increased the risk of having AF by 
50% in men and 40% in women49. It is important to note that this 
association may be due to the high rates of hypertension in the 
population. Nevertheless, the ARIC study found hypertension to be 
the main contributor to AF, accounting for approximately 20% of 
new cases50. Literature is yet to determine whether the risk of AF 
increases linearly with blood pressure or whether there is a specific 
blood pressure threshold above which the risk of AF increases51. It is 
also not known whether aggressive blood pressure management or the 
use of a specific antihypertensive agent reduces the risk of acquiring AF 
in hypertensive patients who are in sinus rhythm. Similarly, we have 
yet to confirm the optimal blood pressure target in patients with AF 
who are anticoagulated 52. 

Several animal models have been developed to better understand 
the pathophysiology underlying hypertension and AF. We know 

Figure 2: Diagram outlining our search strategy for preparing this narrative 
review manuscript. 
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the ORBIT-AF (Outcomes Registry for Better Informed Treatment 
of Atrial Fibrillation) study demonstrated that patients with AF and 
diabetes had significantly higher hospitalization rates, cardiovascular 
mortality, and overall mortality, as well as worse symptoms and lower 
quality of life compared with AF patients without diabetes 73.

Different mechanisms have been suggested to explain a possible 
link between AF and diabetes. Most of these theories are based on 
atrial structural remodelling, including atrial fibrosis and dilation.
The pathways driving diabetes-related cardiac fibrosis are associated 
with different factors, including inflammation, oxidative stress, 
increases expression of growth factors, and increased production 
of advanced glycation end products74, 75. Diabetes is also associated 
with proarrhythmic electrophysiologic changes. Animal studies have 
demonstrated that diabetes can lead to longer interatrial conduction 
times, increased atrial effective refractory period dispersion, and 
prolonged action potential duration, all of which are correlated with 
increased susceptibility to AF76, 77. Similar studies have found decreased 
Na+ current and increased L-type Ca2+ current densities in the diabetic 
rabbit atrium, which can result in conduction slowing and increased 
arrhythmogenicity78. Increased expression of connexin-43 and 
decreased expression of connexin-40 can also explain the predisposition 
to AF observed with diabetes76. Importantly, diabetic patients have 
been found to have significantly longer atrial activation times and 
lower bipolar voltages during catheter ablation. These patients also 
had higher recurrence of AF after ablation, suggesting the presence of 
proarrhythmic electrical re modeling 79.

Impaired atrial electromechanical function has also been implicated 
in diabetic patients who also suffer from AF. A diabetic rabbit animal 
model found that diabetes can affect atrial excitation-contraction 
coupling due to fibrosis and interatrial conduction delay 80. Clinically, 
patients with impaired fasting glucose have been found to have 
significantly prolonged conduction times, with reductions in both 
left atrial emptying volume and emptying fraction 81. Additionally, 
interatrial and intra-atrial electromechanical delay, which is an 
independent predictor of new and recurrent AF, are significantly higher 
in diabetic patients when compared with healthy control subjects82, 83.

Diabetic patients are also prone to atrial remodelling through 
oxidative stress and inflammation, which are key mediators of 
dysrhythmias. Studies have found reactive oxygen species (ROS) from 
atrial tissue of diabetic patients 84. This is important since ROS activate 
the nuclear factor kappa B pathway, which promotes atrial fibrosis by 
increasing TGF-β and TNF-α expression. They also slow conduction 
by decreasing sodium channel 5A (SCN5A) expression, providing key 
substrates for AF85, 86. Higher levels of oxidative stress can also result in 
inflammation, and in diabetic patients, inflammatory markers such as 
C-reactive protein, TNF-α, and interleukin-6 are significantly elevated. 
These key factors are all associated with left atrial dilatation and higher 
incidence of AF86, 87. 

Parasympathetic denervation, increased sympathetic activity, and 
subsequent sympathetic denervation all constitute cardiac autonomic 
neuropathy, a known complication of diabetes. It has been shown 
in a diabetic rat model that an imbalance in sympathetic and 
parasympathetic activity can contribute to the development of AF 88. 

that experimental hypertension results in hypertrophy, fibrosis, 
and inflammation of the left atrium 53, 54. In particular, the main 
electrophysiological changes in the left atrium include heterogeneity 
in electrical conduction with shortening of atrial wavelength and 
greater AF inducibility and duration 54. Moreover, the duration of 
hypertension has been found to be associated with left atrial remodeling 
55. As alluded to above, altered Ca2+ signaling in atrial myocytes has been 
found to potentially trigger AF. In spontaneously hypertensive rats, a 
study found changes in Ca2+ signaling led to increased propensity for 
tachyarrhythmias in atrial myocytes53. 

Groups have studied the relationship between hypertension and 
AF in patients. As noted above, atrial cardiomyopathy, which is 
defined as a constellation of structural, contractile, architectural, and 
electrophysiological changes in the atria, is thought to play a central 
role in AF56. Hypertension is associated with left ventricular (LV) wall 
thickness, increased LV stiffness, LA dilation, and impaired diastolic 
function. Collectively, these processes can result in LA stretch and 
pressure, with subsequent LA remodeling and dysfunction, and an 
increased predisposition for AF through slowing of global and regional 
conduction and an increase in areas of low voltage57-59. It should also be 
noted that obstructive sleep apnea, which is present in approximately 
50% of hypertensive patients, has been shown to increases the risk of 
developing AF in this patient population60-62.  

Type II Diabetes
Many epidemiological studies have established diabetes as an 

independent risk factor for AF. The Framingham study was the first 
to show a potential association49. More recently, a meta analysis found 
that diabetic patients had a 34% increased risk for developing AF 63. 
Another cohort study showed that risk of AF in diabetic patients was 
most pronounced in younger individuals 64. Further, duration of having 
diabetes tends to increase the risk of AF by 3% for each additional 
year of treatment 65. Some studies have also found that glycemic 
variability may increase the risk for developing AF 63, 66. Specifically, 
the risk of AF in patients with type II diabetes has been studied with 
respect to the HbA1C levels 67, 68. These studies found that HbA1C 
had a relatively modest impact on AF with a risk increase of 1-4% per 
10 mmol/mol higher mean HbA1C compared to 12-19% for heart 
failure, myocardial infarction, and coronary heart disease. These findings 
suggest that glycemic levels and control may not be as significant in 
the development of AF as other risk factors. Moreover, the Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) clinical trial 
found that patients who were randomized to an intensive treatment 
strategy did not benefit from lower rates of new onset AF compared to 
those randomized to standard management 69. Similarly, another study 
found no causal role between inadequate glycemic control and type II 
diabetes and the development of AF 70. Nevertheless, there is evidence 
that HbA1C variability can initiate AF in those with type II diabetes 71.

Importantly, the ADVANCE (Action in Diabetes and Vascular 
Disease: Preterax and Diamicron-MR Controlled Evaluation) study 
found that diabetic patients with AF had increased risks of major 
coronary events, stroke, heart failure, cardiovascular death, and all-
cause mortality compared with non-diabetic patients without AF 72. 
This major study suggests that the co-presence of diabetes and AF 
may confer a worse prognosis than either condition alone. Further, 
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mediators121, 122, actions of adipocytokines123, fibrotic remodeling of 
the LA, and fatty infiltration into the myocardium119, 124. Additionally, 
epicardial fat contains many ganglionated plexi where their activation 
can result in the maintenance of AF125. Finally, given their potential 
role in contributing to AF, it is important to highlight the relationship 
between obesity, inflammation126, and fibrosis127. It is well known that 
obesity is a systemic pro-inflammatory state128 that can be further 
exacerbated by sleep apnea-associated acidosis113.

Dyslipidemia
There is a growing body of evidence that supports the potential role 

of blood lipid levels as a risk factor for AF37, 129-135. It is interesting to 
note that these studies have failed to demonstrate a positive relationship 
between hypercholesterolemia and AF development. In fact, some of 
these studies have found that higher levels of low-density lipoprotein 
(LDL) and total cholesterol are associated with lower risk of having 
AF130-135. Literature has yet to fully establish whether levels of high-
density lipoprotein (HDL) have a similar effect on AF development. 
Similarly, there is some evidence that suggests statins may protect 
against AF 136, 137, but this is an area that has been poorly explored. 
It is generally hypothesized that statins may exert these beneficial 
effects via a decrease in inflammation and C-reactive protein138, 139. 
In addition to decreasing cholesterol levels, statins can also lower 
oxidative stress and downregulate the renin angiotensin system140, 141. 
It is also important to note that targeting lower levels of LDL and 
total cholesterol to reduce the onset of AF may not be appropriate in 
all patient groups. A recent observational study found that in patients 
suffering from congestive heart failure pronounced decrease in LDL 
and total cholesterol is associated with new onset AF142.  Another recent 
study demonstrated that there was no relationship between HDL or 
triglycerides and new onset AF143. This study, however, found that in a 
large hypertensive patient population there was an inverse association 
between total cholesterol and LDL levels and AF development. Finally, 
using a Korean database, Roh et al. have shown that variability in total 
cholesterol levels was associated with an increased risk for new onset 
AF144. Taken together, this body of work indicates cholesterol levels 
can contribute to AF development, but more robust preclinical and 
clinical studies are needed to better delineate the mechanisms and 
pathophysiology driving such an association.

Exercise 
Although the relationship between exercise and AF is complex 

understanding its impact on AF is important for informing the 
decisions an individual can make to promote their overall health.
Different studies have shown that chronic vigorous exercise may 
increase the risk of developing AF. This can be due to long-term 
intensive exercising leading to progressive atrial dilation along with 
autonomic changes and enhanced vagal tone, which may ultimately 
progress to the development of AF145. In a study involving young men, 
increased frequency of exercise was also found to be associated with a 
greater risk of AF146. The risk of AF was found to decrease as the age of 
these individuals increased, implying that exercise can have a stronger 
preventative impact on other AF risk factors in the older demographic. 
These results are supported by studies that have found that leisure-time 
exercises like walking and bicycling are associated with an increased 
risk of AF in younger men and a decreased risk in middle-aged and 

Clinically, significantly lower heart rate variability, which is a marker 
of autonomic dysfunction, has been observed in diabetic patients89. 
Changes in heart rate variability, particularly elevated low- to high-
frequency ratio, have been strongly linked with asymptomatic AF90.

Finally, metabolic syndrome, which is characterized by hypertension, 
dyslipidemia, obesity, and insulin resistance has been reported to 
increase the risk of AF91. In theory, metabolic syndrome results in 
a transformation of epicardial adipose tissue that can lead to the 
production and release of pro-inflammatory mediators that cause 
endothelial dysfunction and fibrosis, both of which contribute to the 
electrical and structural remodeling of atrial tissue92-95. 

Obesity
Increased body mass index has been shown to contribute to the 

development of AF (96). Interestingly, this was first noted in patients 
undergoing cardiac surgery, where it was found that obese patients 
had a higher predisposition for developing post-operative AF97. The 
Framingham Study and the Women’s Health Study also found that 
higher BMI was associated with increased risk in having AF96, 98. Meta-
analyses have also found a strong relationship between a high BMI 
and AF. One meta-analysis of 600,000 patients revealed that for every 
5-point increase in the BMI, there was an associated 20-30% increase 
in AF incidence, 10% increase in risk of post-operative AF, and 13% 
increase in post-ablation AF99. Other studies have suggested that the 
relationship between AF and obesity is independent of gender, age, 
diabetes, hypertension, and sleep apnea50, 96, 98, 100-106. In fact, it has been 
posited that this strong relationship is such that, after hypertension, a 
high BMI is the second most important population-attributable risk 
factor for AF50.The ARIC study did indeed show that almost 20% of 
AF incidence can been attributed to a BMI great than 25 kg/m2 50. 

The pathophysiology of obesity-related AF is a complex and 
multifactorial one. Obesity is associated with hemodynamic changes 
that result in LV enlargement and remodeling 107, which initiates a 
cascade of events that contribute to changes in LA morphology and 
pulmonary venous pressures 108, 109. As noted in previous sections, atrial 
remodeling is a major cause of AF. A large German study found that 
obesity is a strong predictor of LA enlargement 110. Long-term studies 
have also shown that obesity and LA volume incrementally predict AF 
risk 111. Moreover, obesity is associated with various neurohumoral and 
metabolic pathways that are dysfunctional. Such derangements include 
increased insulin resistance, autonomic dysfunction, hypertension, and 
activation of the renin-angiotensin-aldosterone system108, 112. A high 
BMI can also lead to changes in pulmonary vascular pressures via 
obesity-related sleeping disorders, such as sleep apnea, which can lead 
to autonomic dysfunction and abnormal cardiac impulse formation 
secondary to hypoxia and acidosis113. 

Although there is much debate on the exact relationship and 
mechanism by which epicardial fat contributes to AF, there is 
evidence to suggest that adipose tissue surrounding the heart does 
play a role in AF development114-117. We also know that epicardial 
fat is metabolically active 118, while adipocytes can modulate the 
electrophysiology of atrial myocytes 119, 120. A combination of such 
properties may lead to AF via the local release of inflammatory 
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Of the lifestyle factors that an individual has control over, smoking 
has a consistent association with AF where it has been found to increase 
the risk of AF over time. Numerous studies have found that current 
and former smokers have a 32-51% and 9-49% increased risk of AF, 
respectively, compared to those who had never smoked163-166. These 
findings suggest that while smoking does appear to increase the risk 
of AF, quitting smoking can reduce this risk to a degree. However, the 
risk may never return to that of a never smoker. The Atherosclerosis 
Risk in Communities (ARIC) study found similar results, determining 
current smokers were more than twice as likely to develop AF than 
non-smokers167. This was particularly true for individuals who had a 
total smoking history of greater than 33 pack-years. In line with this, 
one meta-analysis reports that there is a 16% increase in the risk of AF 
for every 10 pack-years of smoking165. These effects are not limited to 
direct smoking, with secondhand smoke exposure impacting the risk 
of AF as well. The Healthy Heart Study found that individuals who 
had a smoking parent during their gestation and those who lived with 
a smoker as a child were more likely to develop AF168. 

The relationship between smoking and AF may be due, in part, to 
the greater risk of cardiovascular disease in smokers. Analysis of the 
association between smoking and AF in subjects from the Reasons for 
Geographic And Racial Differences in Stroke (REGARDS) Study 
found that there was a significant increase in the incidence of AF in 
smokers compared to non-smokers169. However, after adjusting for 
cardiovascular risk factors, the difference in the incidence of AF was 
no longer significant. These findings suggest that acknowledging and 
treating the cardiovascular risk factors of smokers can help reduce their 
risk for developing AF. Moreover, the risk of AF in smokers appears 
to depend on gender as well. According to a meta-analysis, 6.7% of 
the overall risk of AF in men and 1.4% of the risk in women were due 
to smoking164. Another meta-analysis supports these results, finding 
that men who smoke have a 38% increased total risk of AF, compared 
to 28% in women who smoke170. This suggests that there may be a 
protective factor in women, or a predisposing factor in men, that should 
be investigated more thoroughly.

Alcohol and Coffee Consumption 
Along with smoking, alcohol has been established to increase the 

risk of AF. However, the association between caffeine consumption 
and AF is less obvious. One approach to understanding the impact 
of alcohol on AF is to decrease the quantity consumed in individuals 
with AF who drink often. An Australian study of adults who consumed 
at least 10 drinks a week and had AF found that the individuals who 
greatly decreased their consumption significantly increased the time 
before recurrence of AF compared to the control group171. However, 
the quantity of alcohol consumed may also be important for predicting 
the level of risk. The Framingham Study, in a follow-up of more than 
50 years, found that individuals who drank heavily had a significantly 
greater risk of developing AF172. A meta-analysis supports these results, 
observing that low alcohol intake (no more than one drink per day) 
had no association with AF, while heavy drinking increased the risk173. 

Gender may also be important for developing AF amongst those 
who consume alcohol. In men, even moderate drinking was found to 
increase the risk relative to the low intake group173, 174. The frequency of 
drinking may be equally important to consider. Individuals who drink 

elderly men and women147, 148. However, in a different group of elderly 
men, a higher rate of AF was found in those with a history of vigorous 
exercising149. These findings suggest that the relationship between 
exercise, age, and the progression to AF is complex and needs to be 
studied further. 

Cumulative years of regular endurance exercise has also been shown 
to be an important determinant of AF with an odds ratio per 10 
years of exercise of 1.16 in middle-aged men150. In the middle-aged 
demographic, lifetime heavy intensity exercise was identified as a risk 
factor for AF151. Even after adjusting for age in participants in a cross-
country skiing event, those who completed the race in less time and had 
a greater number of prior completed races were found to have higher 
rates of AF152. Though in a study involving men and women, the women 
who took part in intense exercise had a 28% lower risk of AF, while the 
men had an increased risk153. These results point to a possible gender-
effect that should be studied more closely. The same study found that 
moderate physical activity in all individuals was associated with a lower 
risk, indicating that the type and quality of exercise may be important 
for determining its relationship with AF.

In contrast to long-term intense, vigorous exercising, moderate-
intensity exercises have been associated with a decreased risk of AF. 
One study found that participants who were moderately active had a 
19% reduced risk of AF compared to a low activity group154. However, 
the same study found that a resting heart rate of less than 50 beats 
per minute was a risk factor for AF, suggesting that high-intensity 
exercising does carry a higher risk. Another study considered treadmill 
testing and found that individuals who displayed greater fitness and 
capacity for exercise were associated with a 7% lower risk of AF155. This 
inverse relationship was most pronounced among the obese patients. 
Moreover, individuals who improved their cardiorespiratory fitness 
not only lowered their AF risk, but also decreased the severity of the 
symptoms and risk of AF-associated stroke and mortality156-158. These 
findings are supported by a study of subjects completing aerobic interval 
training (AIT) of four 4-minute intervals at 85-95% maximum heart 
rate 3 times a week for 12 weeks159. The average time spent in AF 
increased from 10.4% to 14.6% in the control group of individuals who 
did not partake in the interval training, while a decrease from 8.1% to 
4.8% was observed in the AIT group. The frequency and severity of 
AF symptoms decreased after AIT as well.

It is important to mention that some studies have found no 
relationship between exercise and AF or even a paradoxical relationship. 
Two meta-analyses found no association between physical activity and 
AF, with neither intensity of the exercises nor time spent exercising 
showing a relationship to the incidence160, 161. Interestingly, another 
study found that individuals who participated in vigorous physical 
activity had an inverse relationship between total exercise time and 
incidence of AF162. While most studies have indicated that long-term 
intense exercising predisposes to AF and moderate-intensity exercising 
is protective against it, more research may be necessary to understand 
these relationships in detail. Ultimately, it is important to know if a 
“perfect” type and amount of exercising exists to adequately promote 
cardiovascular health while limiting the risk for AF.

Smoking
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Different electrophysiological and surgical strategies have also aimed 
to improve the cure rates of AF. However, these approaches have failed 
to produce optimal results on a consistent basis. Moreover, although 
we have developed scoring systems that can adequately risk-stratify 
patients with AF, we have yet to definitively establish the genetics 
driving AF. Importantly, we now have a better understanding that 
lifestyle parameters also play a significant role in acquiring AF. Various 
preclinical and clinical studies have provided strong evidence that 
factors such as hypertension, dyslipidemia, and obesity increase 
the likelihood of developing AF. We continue to learn more about 
the pathophysiology of AF and these specific lifestyle habits. It is 
believed that atrial remodeling and inflammatory mediators play 
a central role. Indeed, in some cases, these factors can compound 
genetic predispositions. Encouragingly, there is also mounting data 
suggesting that controlling these factors through lifestyle modifications 
can have beneficial effects in decreasing the rates of acquiring AF. 
Healthcare practitioners should be aware of these common lifestyle 
parameters, especially in their AF patient population. Moreover, the 
medical community will greatly benefit from having robust statistical 
models that can be used to predict the risk of developing AF if a 
patient presents with a modifiable lifestyle factor. Such models can 
also determine whether various lifestyle parameters have a synergistic 
effect in predisposing patients to AF. These tools can be employed to 
assess the relative importance of each risk factor, their predictive value, 
and ascertaining which ones are truly independent predictors for AF. 
Presenting patients with strong preclinical and clinical findings should 
provide important impetus for incorporating and applying lifestyle 
changes that can reduce the risk of developing AF globally.
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Perspective
Atrial fibrillation continues to affect millions of people globally. It is 
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Introduction
Atrial fibrillation (AF) is the most common heart rhythm disorder 

globally, with a continuous increase in the number of patients and 
with significant public health implications 1.  AF can vary with the 
symptoms, from completely asymptomatic patients to about two-thirds 
of patients with at least intermittent symptoms, which can be disabling 

and markedly impair health-related quality of life 2. Congestive heart 
failure and stroke can even be the first manifestations of AF.

According to current data, the prevalence of AF in adults ranges 
between 2% and 4%, with a 2.3-fold increase expected in the future 
3. Therefore, we can assume that the coming period will be an AF 
epidemic, which is caused predominantly by the older population of 
the world and by the presence of a greater number of comorbidities 
present in the elderly population.
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Abstract
Background: Atrial fibrillation (AF) is the most common heart rhythm disorder globally, with a continuous increase in the number of 

patients andsignificant public health implications. Timely detection of AF is important for the initiation of appropriate therapy and the 
prevention of adverse outcomes such as AF-related stroke. Insights into AF prevalence and smartphone-based AF screening remain limited 
in developing countries such as Bosnia and Herzegovina.

The aim of this pilot study was to examine the prevalence of AF and the effectiveness of photoplethysmography (PPG)  deriving smartphone 
app in Bosnia and Herzegovina.

Methods: Due to the COVID pandemic and the associated challenges related to direct patient contact, individuals were recruited via 
an online website. AF screening was performed with the smartphone using an application based on PPG. Participants were instructed to 
perform at least two daily measurements and one when experiencing symptoms for 7 days. All participants with possible AF based on the 
results of the PPG-deriving app were invited for a confirmatory 24h Holter ECG.

Results: Among 201 participants, who voluntarily signed up for AF screening, 111 were males (mean age, 54.1 ± 9.2). The prevalence of 
AF was 5.47% (male n=6; age 61.7 ± 5.3). In all, eleven patients with AF, the diagnosis was confirmed with a 24h Holter ECG. There were 3 
patients without previously diagnosed AF. Five patients (45%) suffered from heart failure, nine (82%) were known to have hypertension, and 
seven (64%) were on anticoagulation therapy. The thromboembolic risk evaluated with the CHA2DS2-VASc score was high in participants 
with AF (score ≥2). In this pilot study, participants with a higher level of education were more represented, but the prevalence of AF was 
higher among participants with lower levels of education. All 201 participants confirmed that they would like to keep using smartphone-
based technologies to monitor their heart rate and rhythm as this brings them peace of mind.

Conclusion: The use of smartphone-based technologies for the detection of AF has proven to be an effective way of screening the population 
for this heart rhythm, as all patients with a positive result based on the 7-day screening were confirmed via the 24-hour Holter ECG. Although 
this is a small pilot study, the results indicate that the number of patients with AF is higher in relation to available statistical data and date 
from everyday medical practice. Therefore, it is necessary to develop a good strategy for early AF screening to prevent adverse outcomes 
such as stroke but also other cardiovascular complications. 



Timely detection of AF is important for the initiation of appropriate 
therapy and the prevention of adverse outcomes such as AF-related 
stroke 4. AF screening is, therefore, a very important step in detecting 
AF in a large population, especially in asymptomatic individuals. 
Due to the widespread use of smart devices by the population, smart 
technologies therefore provide a great opportunity to detect heart 
rhythm disorders such as AF. Screening for AF with smart devices 
allows the patient to check the rhythm at any time, not just during 
symptomatic irregular heartbeats. This increases the chance of detecting 
asymptomatic periods of AF. It is important to point out that the 
smartphone devices and applications for detecting AF are not a 
diagnostic investigation, but they can help to detect undiagnosed AF 
and aid the management of patients with known AF 5. They have 
limitations such as the questionable use of old smartphones with new 
applications and their accuracy; the price of smartphones and their 
availability to all levels of society; privacy and data security. Smartphone 
devices and applications have been proposed to help in the detection 
of undiagnosed AF and aid the management of patients with known 
AF, but they cannot be used in place of a clinical examination and 
professional explanation for a definite diagnosis.

The aim of this pilot study was to examine the prevalence of AF 
and the effectiveness of the photoplethysmography (PPG) deriving 
smartphone app in Bosnia and Herzegovina.

Materials and Methods
This pilot study was conducted from 01.08.2020 to 01.02.2021. Due 

to the COVID pandemic and the impossibility of direct contact with 
the population, we used a snowball sampling method by sharing the 
information about the screening of AF and the invitation link among 
the population in Bosnia and Herzegovina on Facebook and on the 
website www.afib.ba. The inclusion criteria for this study were age over 
40, both sexes, Bosnian and Herzegovina citizenship, and the ability to 
use a smartphone and application.The exclusion criteria were a person 
with an implanted pacemaker, a psychiatric disorder, an inability to read 
and use a smartphone, and an age below 40 years.

AF screening was performed with the smartphone using the 
application Fibricheck, which is based on photo-plethysmography 
(PPG). PPG is a technique whereby a volumetric measurement is 
optically obtained. The flashlight of a smartphone, which illuminates 
the skin, measures the amount of reflected light through its build-in 
camera. A CE and FDA approved application has been developed for 
this purpose and can be used with most commercially available devices. 
FibriCheck application has a sensitivity and specificity of 91,86% and 
97,59% 6.

Participants were instructed to perform at least two daily 
measurements and one when experiencing symptoms for 7 days. All 
participants with possible AF based on the results of the PPG-deriving 
app were invited for a confirmatory 24h Holter ECG.

 
Statistical analysis

Data are presented as absolute and relative numbers, means ± 
standard deviation. In the analysis, we used the statistical package 
Arcus QuickStat Biomedical version 14.

This study was conducted according to the principles of the 
Declaration of Helsinki.

Results
There were 297 participants who voluntarily signed up for AF 

screening, filled out the questionnaire, and downloaded the application 
Fibricheck on their smart devices between August 1, 2020 and January 
31, 2021. Baseline characteristics of the participants are summarized 
in Table 1. Out of 297 participants, 201 met the criteria. Among 201 
participants, 111 were  males (mean age, 54.1 ± 9.2). The prevalence of 
AF was 5.47% (male n=6; age 61.7 ± 5.3). In all, eleven patients with 
AF, the diagnosis was confirmed with a 24h Holter ECG. There were 
3 patients without previously diagnosed AF. Among the patients with 
AF, five patients (45%) suffered from heart failure, nine (82%) were 
known to have hypertension, and seven (64%) were on anticoagulation 
therapy. The thromboembolic risk evaluated with the CHA2DS2-VASc 
score was high in participants with AF (score ≥2). In this pilot study, 
participants with a higher level of education were more represented, 
but the prevalence of AF was higher among participants with lower 
levels of education (Table 2).

Disccusion
Detection of AF with smartphone-based technologies is one 

affordable screening method in the general population. It is a simple, 
inexpensive, accessible, and reproducible non-invasive screening 
method to detect AF 7. The use of smart technologies for AF detection 
in countries that do not have sufficiently developed healthcare is a 
way to easily identify a person with AF, practically at home without 
coming to a health facility. In this way, the time period between the 
initial diagnosis is shortened, which enables the necessary therapy to be 
introduced as soon as possible, which in the case of AF is anticoagulant 
therapy 8. Also, it is possible to reduce the rate of complications with 
such rapid identification of a person with AF, such as stroke, as well as 
reduce the cost of treating these complications.

Although this pilot study included a small number of participants, 
the data we obtained is very important for the prevention of AF 
and complications. One of the important results of this study is the 
prevalence of AF in Bosnia and Herzegovina, which is 5.47%. The data 
from current European guidelines for AF estimates the prevalence of 
AF in adults is between 2% and 4% 9. Santos and colleagues in their 

Table 1: The characteristics of participants

Characteristics Total participants n=201 Participants with AF n= 11

Age (years), mean (SD) 54.47 (9.97) 65.81 (7.25)

Male, n (%) 111 (55%) 6 (54%)

Hypertension, n (%) 148 (74%) 9 (82%)

Heart failure, n (%) 36 (18%) 5 (45%)

Diabetes mellitus, n (%) 28 (14%) 4 (36%)

Vascular disease, n (%) 62 (31%) 5 (45%)

Previous stroke, n (%) 4 (2%) 2 (18%)

Current smoking, n (%) 48 (24%) 8 (73%)

Use of OAC/NOAC* 13 (6.48%) 7 (64%)

*Oral anticoagulant (OAC), Non-vitamin K antagonist oral anticoagulant (NOAC)
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study reported that the prevalence of AF in low and middle-income 
countries is heterogeneous and that prevalence can rates up to 7.4% 
but the most prevalent rates are between 0.5% and 3.0% 10. The high 
prevalence of AF in Bosnia and Herzegovina, which is a middle-
income country, is not surprising because cardiovascular diseases are 
the leading cause of population morbidity in Bosnia and Herzegovina, 
and they are represented by 16.6% in terms of population mortality 
11. Statistics from the Institute of Public Health of the Federation of 
Bosnia and Herzegovina show that the second leading cause of death 
in 2016 was stroke, with a rate of 87.1 per 100,000 inhabitants, and 
that stroke was the leading cause of death in women in the period 
2010-2016 with a rate of 96,4 per 100,000 females 11. Data from our 
pilot-study showed that comorbidities such as hypertension, diabetes 
mellitus, peripheral vascular diseases, and smoking habitants are highly 
represented in our participants. Similar results were found in the ARIC 
study, where almost 25% of AF cases were attributed to elevated blood 
pressure, and in a meta analysis from Aune and colleagues, where a 
dose-dependent association was found between smoking and increased 
AF risk 12,13.

According to the level of education, it was found that participants 
with a mid-level of education have more AF than participants with 
a higher level of education. In this pilot study, there were more 
participants with a high level of education, and the reason for that 
is better knowledge and greater awareness of the benefits of smart 
technologies in healthcare as well as awareness of heart rhythm 
disorders such as atrial fibrillation and their consequences, such as 
stroke. It is interesting that there were not many patients with primary 
education, which does not give us the possibility to see the presence 
of AF in this group. The reason for the small number of patients with 
primary education is probably the fact of poor knowledge of smart 
technologies as well as awareness of the problem of atrial fibrillation. 
It is known that low education is linked with a higher rate of morbidity 
and mortality from cardiovascular disease and with an increased risk of 
poor cardiovascular outcomes 14. This data shows that the use of smart 
technologies depends on the level of education of people. Therefore, 
more efforts are needed to ensure that people with lower levels of 
education use such smart technologies for the purpose of improving 
health. One very important part is to increase the level of awareness of 
the use of smart technologies among people who have a lower level of 
education due to the fact that cardiovascular diseases are much more 
prevalent in this population.

The participants satisfaction with the use of smart technologies in 
the detection of this heart rhythm disorder was very good. All 201 
participants confirmed that they would like to keep using smartphone-
based technologies to monitor their heart rate and rhythm as this 
brings them peace of mind. Respondents answered that they would 
like to have such ways of detecting heart rhythm disorders available 

Table 2: Level of education among participants

Level of education Total participants n=201 Participants with AF n= 11

Primary education 2 (1%) -

Secondary education 57 (28.4%) 7 (64%)

Higher education 142 (70.6%) 4 (36%)

from their health insurance provider. This would certainly increase the 
possibility of early detection of AF but also prevent the possibility of 
complications such as stroke.

Conclusion
In this pilot study, the results indicate that the number of patients 

with AF is higher in relation to available statistical data and dates from 
everyday medical practice.The use of smartphone-based technologies 
for the detection of AF has proven to be an effective way of screening 
the population for this heart rhythm as all patients with a positive 
result based on the 7-day screening were confirmed via the 24h Holter 
ECG. Therefore, it is necessary to develop a good strategy for early AF 
screening in developing countriesto prevent adverse outcomes such as 
stroke but also other cardiovascular complications.
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Introduction
Atrial fibrillation (AF) is one of the most common cardiac 

arrhythmias encountered in clinical practice affecting approximately 
2% of persons in the United States 1–3. A major complication of AF 
is cardioembolic stroke 4, leading to the recommendation for oral 
anticoagulation (AC) in patients with known AF who are at increased 

risk for cerebrovascular accident (CVA), such as a CHA₂DS₂-VASc 
score of two or greater 5. However, many patients eligible for AC 
are not actually using AC as recommended by guidelines 6–9, with 
estimates ranging from 21-47% of eligible patients 10–15. This gap has 
been described across a variety of data sources including claims data, 
electronic health record (EHR) queries, and manual chart reviews. 

While multiple studies have suggested methods for increasing AC-
prescribing 16,17, a better understanding of the underlying reasons AC 
is not prescribed is critical to appropriately designing and deploying 
quality improvement innovations. Prior studies have identified major 
contributors to this gap including the type of AC prescribed 18, 
physician-perceived bleeding risk in elderly patients 19, and patient 
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Abstract
Aims – We sought to identify patients with atrial fibrillation (AF) who are not prescribed anticoagulation (AC) to understand if such patients 

may be eligible for AC initiation.

Methods – We queried the Mass General Brigham electronic health record to identify patients with AF apparently eligible for but not 
prescribed AC. Specifically, we identified patients with an outpatient encounter for AF or updated diagnosis of AF between January and 
March 2019 who did not have an active AC prescription. We then conducted physician chart review to determine if the patient was actually 
prescribed AC and if not, the reason why. We summarized results and present descriptive statistics.

Results – Of 152 patients confirmed to have AF and confirmed to be off AC after chart review, 11/152 (7.2%) had a CHA2DS2-VASc of zero 
or were female with a score of one. 23/152 (15.1%) patients were not prescribed AC because their AF was transient and 21/152 (13.8%) 
patients declined AC. 39/152 (25.7%) patients either had physician-assessed elevated risk for bleeding or a history of bleeding before or 
after AC initiation. 6/152 (3.9%) patients were non-adherent, 13/152 (8.6%) had left atrial appendage occlusion device placed greater than 
6 months previously, and 1/152 (0.7%) patient was lost to follow-up. The remaining 38/152 (25.0%) patients were apparently eligible for AC 
and present a potential quality improvement opportunity.

Conclusion – In this sample of patients with AF who were confirmed to not be prescribed AC, the majority had provider-documented clinical 
justification to not be on AC. However, 25% of patients identified would likely be eligible for AC and could be the target of population-based 
quality improvement interventions.
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non-adherence 20–27. 

In practice, there have been few successful interventions to 
ensure that patients with an indication for AC actually receive it 
28,29. Previous attempts focus on population-level approaches 30 and 
have included strategies such as providing educational material to 
primary care providers (PCP), sending electronic best practice alerts, 
and using a mobile app to increase patient adherence 31–35. In other 
clinical areas, approaches to chronic disease management – such as 
the implementation of population health coordinators (PHC) – have 
been shown to improve quality metric performance 36. Investigating 
why a sizable portion of patients with AF are not prescribed AC is 
important in improving care for AF patients. To that end, we conducted 
physician-adjudicated chart review of EHR records identified through 
a broad query to explore the true proportion – after accounting for 
documented clinical reasoning – of patients who are eligible for but 
not prescribed AC.

  
Methods
Study Population

This is a single center study performed within the Mass General 
Brigham system located in New England. We included adult patients 
identified through the EHR who were (1) not prescribed AC and (2) 
had either documented active AF on their problem list, an outpatient 
diagnosis for AF, or an outpatient encounter diagnosis for AF. From 
this larger query, we then created a convenience sample of these patients 
whose AF diagnosis was updated from January to March 2019 who 
also had their PCP at Mass General Brigham. This yielded a cohort 
of 239 patients. The query was designed to be intentionally broad. 
International Classification of Diseases (ICD), Tenth Revision codes 
to identify atrial fibrillation for this query included: I48, I48.1, I48.2, 
and I48.91. Patients were included regardless of whether they were also 
seen in specialty care, such as cardiology clinics. Patients under age 18 
or deceased before the time of data collection were excluded. 

Outcomes and Covariates
Additional covariates were then obtained through queries of the 

EHR. These included age, sex, race and ethnicity, AF diagnosis date, 
type of AF, type of prescribed AC, when AC was prescribed most 
recently, provider specialty prescribing AC, whether the patient 
had seen a PCP or cardiologist within the 12 months prior to data 
collection, medical comorbidities (including stroke, hypertension, 
diabetes, congestive heart failure, peripheral vascular disease, and 

coronary artery disease), and CHA2DS2-VASc score at the time of 
data acquisition.

Physician-adjudicated chart review was then performed by one of 
the authors (Z.A.S.) including detailed chart review of subsequent 
medication lists, outpatient provider notes, hospital discharge 
summaries, and emergency room visit documentation. Chart review 
categorized patients in a hierarchical manner (Figure 1). First, patients 
who were determined to be taking AC despite the EHR query 
suggesting they were not on AC were uncovered. Second, patients who 
did not actually have AF were identified. Third, for those confirmed 
with AF and confirmed to not be prescribed AC, the documented 
reason for not taking AC was identified and categorized. Some of 
these categories were developed a priori but others were created after 
chart review. These categories were patient non-adherence, clinician 
discontinuation of AC, history of atrial fibrillation ablation, history of 
bleeding prior to AC initiation, history of bleed after AC initiation, 
perceived elevated risk of bleeding, transient / resolved AF, left atrial 
appendage occlusion procedure, never had true AF, patient declined 
AC, CHA2DS2-VASc score of 0 or were female with a score of 1, 
clinician deferring AC due to rare AF, or patient lost to follow-
up.  We calculated HAS-BLED scores for patients with history of 
bleeding prior to AC initiation, history of bleed after AC initiation, 
and perceived elevated risk of bleeding.

Statistical Analysis
Baseline clinical characteristics are presented in Table 1. Continuous 

variables are presented as mean ± standard deviation (SD) and 
categorical variables are presented as a percentage. Reasons for not 
taking AC are presented as descriptive statistics.  We also compared 
HAS-BLED scores among patients with history of bleeding prior 

Figure 1: Flow chart for included and excluded patients with AF.

Table 1:
Clinical characteristics of patient cohorts on AC and not on AC 
(N=239)

Cohort with 
confirmed 
AF on AC 
(N=65)

Cohort 
without 
actual AF 
(N=22)

Population 
with 
confirmed AF 
and no AC 
(N=152)

P value 
comparing 
cohort with 
confirmed AF 
on AC and 
not on AC

Age (mean ± SD) 75.5 ± 10.6 70.0 ± 
14.9

72.9 ± 11.7 0.10

Men (%) 43 (66.2%) 12 (54.5%) 109 (71.7%) 0.51

Race/ethnicity (%)

     White 60 (92.3%) 16 (72.7%) 134 (88.2%) 0.88

     Black 1 (1.5%) 0 (0.0%) 3 (2.0%)

     Asian 3 (4.6%) 2 (9.1%) 9 (5.9%)

     Other 1 (1.5%) 3 (13.6%) 5 (3.3%)

     Unknown 0 (0.0%) 1 (4.5%) 0 (0.0%)

     Declined 0 (0.0%) 0 (0.0%) 1 (0.7%)

Stroke (%) 7 (10.8%) 1 (4.5%) 7 (4.6%) 0.16

Hypertension (%) 53 (81.5%) 14 (63.6%) 103 (67.8%) 0.057

Diabetes (%) 17 (26.2%) 4 (18.2%) 27 (17.8%) 0.22

Congestive heart failure (%) 17 (26.2%) 2 (9.1%) 41 (27.0%) 1

Peripheral vascular disease (%) 16 (24.6%) 3 (13.6%) 31 (20.4%) 0.61

Cardiovascular disease (%) 53 (81.5%) 11 (50.0%) 120 (79.0%) 0.80

Continuous variables are presented as mean ± SD. Categorical variables are presented as a 
percentage.
AC=anticoagulation; AF=atrial fibrillation; SD=standard deviation

PCP=primary care provider; AF=atrial fibrillation; AC=anticoagulation
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to AC initiation, history of bleed after AC initiation, and perceived 
elevated risk of bleeding with analysis of variance (ANOVA).  This 
study was approved by the Institutional Review Board at Mass General 
Brigham.

Results
239 patients were screened for study inclusion (Figure 1). The mean 

interval between initiation of AC therapy and cohort screening for 
study inclusion was 29.0 ± 0.7 months. After clinical adjudication, 
174/239 (72.8%) patients of the original cohort who were identified by 
the EHR query as not being prescribed AC were confirmed to be off 
AC. For patients found to be taking AC, 39 were prescribed apixaban, 
16 prescribed rivaroxaban, 6 prescribed warfarin, and 4 on dabigatran. 
Of these 174 patients, 22/174 (12.6%) did not have any documented 
history of AF. Baseline characteristics are shown in Table 1.

Among the 152 patients confirmed to have AF but not be taking AC, 
11/152 (7.2%) patients had a CHA2DS2-VASc of zero or were female 
with a score of one. 36/152 (23.9%) patients were not taking AC because 
they had a history of transient / resolved AF. Of these 36 patients, 13 
were noted to have transient AF post-operatively, 13 had an isolated 
episode of AF without further recurrence, and the remaining 10 had AF 
precipitated by a medical event, most commonly myocardial infarction, 
pulmonary embolism, or other illness necessitating hospitalization. 
13/152 (8.6%) patients had left atrial appendage occlusion procedure 
greater than 6 months prior. 21/152 (13.8%) patients declined AC 
despite provider recommendation. In 6/152 (3.9%) patients, AC was 
taken off the medication list because of patient non-adherence. Only 
1/152 (0.7%) patient was lost to follow-up. Notably, 2/152 patients 
were previously on AC but then suffered thromboembolic event after 

Table 2: Etiology for no AC in order of decreasing frequency

Reason for lack of AC Charted No. of patients 
(N=152)

Transient / resolved AF 36 (23.9%)

   Post-op 13

   Precipitated by medical event 10

   Isolated episode 13

History of bleeding: 26 (17.1%)

   After AC initiation 19

   Prior to AC initiation 7

Left atrial appendage occlusion procedure 13 (8.6%)

Patient declined AC 21 (13.8%)

Perceived elevated risk of bleeding 13 (8.6%)

CHA2DS2-VASc = 1 11 (7.2%)

   male 9

   female 2

CHA2DS2-VASc = 0 9 (5.9%)

Patient non-adherence 6 (3.9%)

Provider discontinued AC with clinical reasoning documented 9 (5.9%)

   AF ablation 8

   Rarely symptomatic 1

Provider discontinued AC without clinical reasoning documented 7 (4.6%)

Patient lost to follow-up 1 (0.7%)

AC=anticoagulation; AF=atrial fibrillation

discontinuation of AC.

7/152 patients (4.6%) were reported to have a history of bleeding 
prior to AC initiation and 19/152 (12.5%) patients had history of bleed 
after AC initiation. 13/152 (8.6%) patients were perceived otherwise to 
have an elevated risk of bleeding. There was no statistically significant 
difference in HAS-BLED scores among patients with history of 
bleeding prior to AC initiation, history of bleed after AC initiation, or 
perceived elevated risk of bleeding (Table 3).

16/152 (10.5%) patients had clinician discontinuation of AC. Of 
these 16 patients, 8 (5.3%) had a history of atrial fibrillation ablation, 
1 (0.7%) had rare AF so AC was deferred by the clinician, and the 
remaining 7 (4.6%) patients had provider discontinued AC without 
documented clinical reasoning (Table 2).

Categories of patients potentially eligible for AC
Overall, categories were determined to represent patients who could 

be targeted in a quality improvement intervention in 38 (25.0%) of 
152 patients as shown in Table 4. There were 7/152 (4.6%) patients 
who had clinician discontinuation of AC without clinical reasoning 
documented. Two of these cases occurred due to lapse in provider 
follow-up. Specifically, the first occurrence was a case where warfarin 
was held prior to cardiac bypass surgery and was not subsequently 
restarted post-operatively as planned. The second case occurred where 
a patient’s PCP had intended to initiate AC for AF after obtaining an 
EKG at a follow-up office visit but did not address AC at the follow-up 
visit. A third patient did not have sufficient documentation to make 
a determination as to why AC was not prescribed. An additional four 
patients underwent AF ablation and did not have documentation 
addressing AC post-procedurally.

In addition to the seven (4.9%) cases without clinical documentation 
justifying the absence of AC, there were an additional nine (5.9%) male 
patients who had a CHA2DS2-VASc score of 1 in whom guidelines 
recommend consideration of AC 5,37, thirteen (8.6%) patients with post-
operative AF in whom guideline recommendations favor the use of AC 
5,38,39, and one (0.7%) case where a clinician deferred AC initiation 
despite guideline indications because the patient had rare AF. The 
final eight (5.3%) cases included patients who underwent AF ablation 
where guidelines would recommend continuation of AC 40. Notably, 
these eight post-AF ablation cases had provider documentation 

Table 3: HAS-BLED score for patients with bleeding-related concerns.

Reason for lack 
of AC

Charted number 
of patients 
(N=152)

HAS-BLED score 
(mean ± SD)

F statistic Significance

Patient suffered 
bleed after AC 
initiation

19 (12.5%) 3.6 ± 0.8 2.21 0.12

Patient suffered 
bleed prior to AC 
initiation

7 (4.6%) 3.3 ± 1.1

Patient with 
perceived elevated 
risk of bleeding

13 (8.6%) 2.7 ± 0.9

Analysis of variance (ANOVA) testing was used to compare the degree of variance between groups 
listed in the above table.

AC=anticoagulation; SD=standard deviation
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to a chronic disease, with specific goals based upon a chronic health 
registry 36,41,42. PHC-based interventions in improving patient outcomes 
in other clinical areas have shown promising results with respect to low 
density lipoprotein (LDL) and hypertension management 36,41. Similar 
care delivery mechanisms may be helpful in AF.

In addition, modification of automated EHR queries may increase 
the proportion of patients in whom a quality improvement intervention 
exists. Beyond the 38 cases described above, if the population queried 
here were to exclude patients with a history of left atrial appendage 
occlusion device beyond 6 months post-procedurally 43, CHA2DS2-
VASc score of 0 or were female with a CHA2DS2-VASc score of 1 44, 
then 38 patients within a cohort of 128, or 29.7%, may be potentially 
eligible for AC in this query. Excluding these categories from future 
queries may increase the proportion of patients who would benefit 
from quality improvement initiatives. Despite the potential for more 
refined queries, our results also show that EHR data can be inaccurate. 
Even though EHR data are often more accurate than claims data 45–49, 
structured data fields in the EHR are often inaccurate 50–54. This may 
present a potential limitation of any query and highlights the potential 
role of human oversight with PHCs.

Our study should be taken in the context of several potential 
limitations. First, the primary patient data was collected entirely 
from a database of patients at a single health system which may limit 
the generalizability of our work. Specifically, since care patterns and 
electronic health records vary in different settings, other institutions 
may have a different size gap. Second, the database was reviewed 
by a single author (Z.A.S.) and involved subjective assessments of 
clinical documentation. Third, this type of retrospective clinical chart 
review cannot determine the potential efficacy of any specific quality-
improvement program or predict any differences in specific clinical 
outcomes with AC. Fourth, EHR documentation may be poor and 
not fully capture conversations between provider and patient regarding 
AC usage. However, it is encouraging that less than 5% of the cohort 
reviewed here lacked documentation as to reasoning for the lack of AC 
usage. Fifth, the sample size may limit our statistical power to detect 
rarer reasons for missing anticoagulation and could contribute to a lack 
of power for the comparisons of clinical characteristics among patients 
with and without anticoagulation. In particular, we are statistically 
underpowered to make comparisons in specific race and ethnicity 
groups. A larger analysis in a more diverse population might detect more 
reasons for patients apparently eligible not receiving anticoagulation. 
Finally, patients who died between the end date of our query in March 
2019 and when the convenience sample was created in March 2021 
would have been excluded. As such, if these patients were differentially 
more likely to be inappropriately not anticoagulated (for example, 
because they had a fatal CVA) our sample would underestimate the 
proportion of AF patients inappropriately anticoagulated.

In this analysis, we found that the most common reasons for a lack 
of AC in patients with confirmed AF were transient / resolved AF 
(23.9%), patient declined AC (13.8%), and history of bleeding prior 
to AC initiation (12.5%). Our results show that a quarter of patients 
identified in a broad query have a clinical reason for AC to be initiated 
without a clear contraindication. Further, if this query were to be further 
refined 29.7% of patients may be potentially eligible for AC and benefit 

justifying the lack of AC prescription but were not in accordance with 
the guidelines. In these eight cases, the provider-documented rationale 
for not resuming/initiating AC was that the patient maintained normal 
sinus rhythm post-procedure without recurrence of AF, or without a 
significant burden of AF. Of all cases included here who underwent 
ablation procedure none received LAA occlusion during the ablation.

 
Discussion

Many patients with AF but not on AC have documented clinical 
reasons for not taking AC. Specifically, 10% of patients had low 
cardioembolic risk profiles (e.g., CHA2DS2-VASc score of zero or were 
female with a score of one), approximately one out of six had history of 
bleeding prior to AC initiation or bleed after AC initiation, and nearly 
one out of ten was deemed by the medical provider to have a perceived 
elevated risk of bleeding unacceptably high for AC. However, among 
patients confirmed to have a history of AF and not be on AC, 38/152 
(25.0%) have a clinical reason for AC to be initiated without a clear 
contraindication. These results demonstrate that there is a meaningful 
population of patients who may benefit from quality improvement 
interventions to improve AC uptake.

While many “high-risk” bleeding cases mandate individual 
discussion and shared decision-making, the documented considerations 
in clinician-estimated risk for AC in our cohort included medication 
interactions, thrombocytopenia, history of falls, and patient frailty. 
Previous literature has noted that the single clinical attribute 
consistently associated with lack of AC prescription is increasing age 
19. In clinical practice, defining excessive risk is often contextual and 
may be subjective. In our analysis, there was no difference in risk as 
determined by HAS-BLED score between the patients at perceived 
elevated risk of bleeding versus patients that had a history of bleeding 
prior to AC initiation or history of bleed after AC initiation. 

Our results confirm prior research by demonstrating an apparent 
gap in patients who appear to be eligible for AC but are not receiving 
it 10–15. We now extend those results to demonstrate that, in the case of 
automated-EHR query, there exists a meaningful cohort of patients 
detected from the query that might be eligible for genuine quality 
improvement based on physician-adjudicated chart review. The findings 
presented here demonstrate the need for more refined tools to generate 
accurate registries to inform such interventions. One such quality 
improvement methodology involves population health coordinators 
(PHC). PHCs are non-clinicians tasked with identifying and 
interfacing with patients who are not at a specific health goal related 

Table 4: Patients who had an opportunity for quality improvement with AC 
prescription

Reason given for lack of AC Number of patients (N=38)

Provider did not document a reason 7 (4.6%)

Male patients with a CHA2DS2-VASc = 1 9 (5.9%)

AC stopped following AF ablation 8 (5.3%)

Met guideline criteria for AC but was noted to be “rarely 
symptomatic” without investigation of AF burden

1 (0.7%)

AF occurred post-operatively 13 (8.6%)

Analysis of variance (ANOVA) testing was used to compare the degree of variance between groups 
listed in the above table.

AC=anticoagulation; SD=standard deviation
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Conclusion
In this sample of patients with AF who were confirmed to not 

be prescribed AC, the majority had provider-documented clinical 
justification to not be on AC. The most common reasons for lack 
of AC in patients with confirmed AF were transient / resolved AF, 
patient declined AC, and history of bleeding prior to AC initiation. 
However, 25% of patients identified by our broad query would likely 
be eligible for AC and could be the target of population-based quality 
improvement interventions. A more refined query could identify up to 
30% of patients who may benefit from quality improvement initiatives 
to increase AC uptake. PHC-based interventions may facilitate 
improved patient outcomes.
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Introduction
Atrial fibrillation (AF) is a common condition with an estimated 

prevalence of 7.7% in the European Union among the population older 
than 55 years1. AF increases the risk of severe comorbidities such as 
stroke and dementia, and early detection is essential2–4.

The prevalence of AF has been found to vary between ethnic groups5, 

6, and there are only a few studies from the Arctic regions. A higher 
prevalence has been found among the indigenous males than non-

indigenous males with coronary atherosclerosis in the Yakutia region 
in Russia7, and the age- and sex-adjusted prevalence was higher among 
the Métis than the general population in Ontario, Canada 6. Previous 
studies of the prevalence of AF in Greenland have offered conflicting 
results. A population-based study based on electrocardiograms (ECGs) 
from 1963 from 181 subjects found a single case of AF8, and a study 
based on chart reviews of patients admitted to hospital with a stroke 
from 2001, and 2002 found one case among 37 patients9. However, 
a more recent study of patients admitted in Nuuk with ischemic 
stroke from 2011 to 2012 reported a prevalence of 30% of AF among 
stroke patients10, which is comparable to the prevalence in non-Arctic 
populations11. 

Handheld ECG devices have been used in remote areas in other 
parts of the world and have been found feasible and acceptable in 
these populations12, 13. They may, therefore, also be considered for use 
in remote parts of Greenland where access to a standard 12 lead ECG 
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Abstract
The prevalence of atrial fibrillation (AF) in the general Greenlandic population needs to be settled, and this study aims to estimate the 

prevalence of AF among East Greenlanders aged 50 years or older. 

Methods: Single point electrocardiograms (ECGs) was recorded for 225 participants from East Greenland using a single lead ECG device. 
Furthermore, 28 recordings were compared to standard 12 lead ECGs recorded consecutively on subjects from Greenland and Denmark to 
evaluate the ability of the single lead device to detect AF.

Results: 221 of 225 ECGs from East Greenland had a technical quality acceptable for analysis. Two cases of AF were found among the 
participants, corresponding to a prevalence of one per cent. In addition, the sensitivity and specificity of the handheld device to detect AF 
was 100% and 96%, respectively.

Conclusion: A single lead handheld ECG device can detect AF in remote areas, but the low prevalence found in this study suggests that 
it is likely to miss cases of paroxysmal AF.  The prevalence of one per cent seen in this study is therefore interpreted as a low prevalence of 
persistent AF only.
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device may not be possible.This study aims to estimate the prevalence 
of AF in East Greenland based on tests performed by a handheld 
single-lead ECG device.In addition, we compare the ability to detect 
AF of the single lead handheld ECG device with a standard 12 lead 
ECG device. 

Methods
Setting

Greenland is the world largest island but sparsely populated with 
only 56,400 inhabitants, of whom 15,683 (27%) are 50 years or older14. 
The capital Nuuk is the largest town with approximately 17,000 
inhabitants, and the remaining population live in smaller towns, villages 
and settlements along the south, west and east coast.

Design and participants
The prevalence study was designed as a community-based cross-

sectional study in the Ammassalik municipality in East Greenland in 
2019. The inclusion criteria were age 50 years or older at the time of 
research and residency in either the main town Tasiilaq (with a total 
of 1,916 inhabitants) or the small village Kulusuk (216 inhabitants) 
(figure 1). There were no exclusion criteria. 

Names and addresses on all residents in Kulusuk and Tasiilaq aged 
50 years or older were obtained from the National Civil Registration 
System and the residents were invited per letter. 

The participants filled out a questionnaire including common 
risk factors for AF, such as gender, age, comorbidities, smoking 
and alcohol consumption. Height and weight were measured using 
standard procedures. Participants’ and parents’ place of birth was used as 
indicators of Greenlandic ethnicity15. A single-lead ECG was recorded 
with the participant seated comfortably in a chair with armrests. 

In order to compare the performance of the hand held single-lead 
ECG device, patients scheduled for an ECG in the Department of 

Clinical Biochemistry at Aalborg University Hospital, Denmark on 
Apr 22 or May 12, 2020, and patients scheduled for an ECG in the 
Department of Clinical Biochemistry at Queen Ingrid’s Hospital, 
Nuuk between February 22nd and 27th, 2021, were approached for 
participation. The only exclusion criterium was age younger than 
18 years. The recording of the single-lead ECG was performed 
immediately after a medical laboratory technician had recorded a 
standard 12 lead ECG with the patient placed in a reclined position. 

Patients in Aalborg and Nuuk were recruited on-site. They were given 
oral information by an investigator (NA) in Aalborg or by a Danish and 
Greenlandic speaking medical laboratory technician in Nuuk before 
testing as informed by an investigator (SA). Before the test, participants 
in East Greenland were given oral and written information in both 
Danish and Greenlandic (PN, SA).

ECG devices
The single-lead ECGs were recorded using a portable ECG device 

(Instant Check, Daily Care Medical, Taiwan), which is commercially 
available and FDA-approved16. The Instant Check is used by placing Figure 1: Location of towns and settlements included in the study

Table 1:
Descriptive data of participants in East Greenland and comparisons 
between males and females

Total Males Females p-value

Gender, n (%) a 220 107 (48.9) 113 (51.1) 0.79

Age, median (IQR), yearsb 61 (55;69) 63 (56;69) 60.5 (54;69) 0.35

BMI, mean (SD), kg/m2 c 26.9 (5.3) 26.8 (4.9) 27.0 (5.7) 0.61

Height (SD), cm c 159.8 (9.7) 166.7 (8.0) 153.3 (6.1) <0.001

Weight (SD), kg c 69.2 (17.0) 75.1 (17.3) 63.8 (14.9) <0.001

Both parents born in Greenland, 
n (%) b

211 (95.9) 100 (93.5) 111 (98.2) 0.074

Alcohol consumption, drinks per 
week b

Never, n (%) 91 (41.6) 43 (40.6) 48 (42.4) 0.77

1-7, n (%) 47 (21.4) 24 (22.6) 23 (20.4) 0.68

8-14, n (%) 55 (25.1) 23 (21.7) 32 (28.3) 0.26

15-20, n (%) 17 (7.8) 10 (9.4) 7 (6.2) 0.37

21+, n (%) 9 (4.1) 6 (5.7) 3 (2.7) 0.26

Smoking, cigarettes per day d

None, n (%) 15 (7.0) 11 (10.8) 4 (3.6) 0.041

Previous smoker, n (%) 59 (27.7) 29 (28.4) 30 (27.0) 0.82

1-10, n (%) 102 (48.9) 37 (36.3) 65 (58.6) 0.001

11-20, n (%) 34 (15.9) 23 (22.6) 11 (9.9) 0.012

21+, n (%) 3 (1.4) 2 (1.9) 1 (0.9) 0.512

Risk factors for AF a

Thyroid disease, n (%) 0 (0) 0 (0) 0 (0) -

Diabetes, n (%) 5 (2.3) 4 (3.7) 1 (0.9) 0.16

Hypertension, n (%) 4 (1.8) 1 (0.9) 3 (2.7) 0.34

Previous cardiac surgery, n (%) 4 (1.8) 1 (0.9) 3 (2.7) 0.34

Arrhythmia, n (%) 1 (0.5) 1 (0.9) 0 (0) 0.30

Previous stroke, n (%) 7 (3.2) 5 (4.7) 2 (1.8) 0.22

Ischemic heart disease, n (%) 1 (0.5) 1 (0.9) 0 (0) 0.30

Heart failure, n (%) 1 (0.5) 1 (0.9) 0 (0) 0.30

a: data missing for one participant. b: data missing for two participants. c: data missing for three 
participants.  d: data missing for eight participants.
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both thumbs on the electrodes orplacing two electrodes on the wrists. 
It records 30 seconds of ECG signal in each measurement, after which 
it displays the calculated heart rate (HR), ST-segment deviation, the 
QRS-, PR- and the QT-/QTc-intervals. The device also displays 
whether the registered rhythm is either “regular” (in that case “fast”, 
“slow”, “high ST-value”, “low ST-value”, “high QRS-value”), “irregular” 
or “impossible to analyse” 17. 

The 12 lead ECGs were recorded using the standard equipment in 
the laboratories (Schiller, CARDOVIT AT-102 G2, USA). 

Evaluation of ECGs
All single lead ECGs from East Greenland were evaluated on the 

spot by the researchers who recorded the ECGs (PN and consultant in 
internal medicine, SA). They graded the quality from one to four, one 
being “high”, two “good”, three “poor” and four “unreadable”. The type 
of rhythm on the ECGs was subsequently validated by a consultant 
cardiologist (SR), who evaluated the quality, type of rhythm and heart 
rate on the single and 12 lead ECGs performed in Nuuk and Aalborg. 
Types of rhythm were classified as “sinus rhythm”, “AF”, “Pacemaker)” 
or “unclassified”. Participants with “unreadable” ECGs were excluded 
from further analysis. Disagreements in evaluations were settled by two 
authors’ joint review of the ECG (SA, SR).All assessments performed 
by the consultant cardiologist in the initial assessment were evaluator 
blinded.

Data management and statistics
Participants from East Greenland were anonymised using ID 

numbers. Questionnaires were entered into Epi Data Entry (Epi 
Data Software®) and later exported to STATA® (Stata Corp LLC, 
version 16) for data analysis. ECGs from participants in Aalborg and 
Nuuk were anonymised, and single lead and 12 lead ECGs were linked 
using ID numbers. All data were stored on a secure server at Aalborg 
University Hospital.

In comparing the single and 12 lead ECGs, participants whom the 
cardiologist classified as having AF on both the 12 lead and the single-
lead ECG were defined as true positive (TP) and those with AF on the 
single-lead ECG only as false positive (FP). Participants with AF on 
the 12 lead ECG only were defined as false negative (FN). Sensitivity 
is calculated as TP/(TP+FN) x 100%, specificity as TN/(TN+FP) x 
100%, positive predictive value (PPV) as TP/(TP+FP) and negative 
predictive value (NPV) as TN/(TN+FN).

Parametric data are described using means and standard deviations 
and non-parametric data using medians and interquartile range 
(IQR). Categorical data are tested using Pearson’s chi-squared test. 
Paired binomial data are tested using McNemar’s test and paired 
non-parametric data using Wilcoxon Signed Rank Test. Differences 

Table 2: Cardiac rhythms detected on single-lead ECGs in East Greenland

Rhythm (n=221) Total Males Females p-value

Atrial fibrillation, n (%) 2 (0.9) 2 (1.9) 0 (0) NS*

Sinus rhythm, n (%) 217 (98.2) a 105 (98.1) 111 (98.2) NS*

Pacemaker, n (%) 2 (0.9) 0 (0.0) 2 (1.8) NS*

a: Gender is missing for one participant. *: p-value >0.05

between unpaired non-parametric data were tested using the Wilcoxon 
Mann-Whitney Test and differences between parametric data using 
the unpaired t-test. A p-value less than 0.05 was considered statistically 
significant.

Ethics
The study was approved by the Health Research Ethics Committee 

in Greenland (KVUG-2018-05 and 2020-18) and conducted according 
to the Helsinki Declaration. All participants were given oral and 
written information in Danish or Greenlandic by participant choice 
and signed informed consent before participation.

Results
A total of 225 participants in East Greenland completed an ECG 

recording using the handheld single-lead device. Four of the ECGs 
were “unreadable”. Of the remaining 221, seven ECGs were of poor 
quality, 13 were of acceptable quality, and 201 were of good quality. 

A description of the participants and comparisons between the two 
genders are found in table 1. Height, weight and smoking habits were 
the only significantly different variables between males and females. 

The types of rhythms detected on the ECGs are displayed in table 
2. There was no difference in the prevalence of any kind of rhythm 
between the two genders.

According to the questionnaire (table 1), one participant reported 
having an arrhythmia. However, that participant had SR on the ECG in 
the study. As displayed in table 2, AF was identified on two participants’ 
ECGs. Both cases were male; one was 53 and the other 74 years old 
at the study time. 

For comparing the single lead and the 12 lead ECG recordings, 10 
participants in Greenland and 22 in Denmark accepted to participate.
Nine participants in Nuuk and 17 in Aalborg had “good” quality ECGs, 
one participant in Denmark had a “poor” single-lead ECG, and one 
participant in Nuuk and four in Aalborg had “unreadable” single-lead 
ECGs and were excluded. Thus, 28 participants were included in the 
comparison between single and 12 lead ECG recordings. 

Only SR and AF were detected on the ECGs. The differences of 
the median heart rate, PR-, QRS-, QT- and QTc-intervals found in 
the 12-lead ECGs and single-lead ECG sare described and compared 
in table 3.

Table 4 compares the number of AF and SR detected withboth 
types of ECGs. One participant had AF according to the single-lead 
ECG, but SR according to the 12 lead ECG. There was no statistical 
difference in the number of detected cases of AF between the two 
methods. 

As for the precision of the evaluation of heart rhythm by the two 
methods, 66.7% of the AF-cases detected using the handheld single-
lead ECG device were TP and 33.3% were FP. There were no FN cases. 
These results correspond to a sensitivity of 100%, a specificity of 96%, 
a PPV of 66.7% and an NPV of 100% of the handheld single-lead 
ECG device. 
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relatively high percentage of participants who reported having suffered 
a stroke before the study; in fact, our results correspond to a prevalence 
of stroke of 3,167/100,000 inhabitants. In comparison, the global 
stroke prevalence in 2010 was 367/100,000 among those younger 
than 75 years and 4,835/100,000 among those older than 75 years 25. 
As approximately 89% of strokes in Greenland are due to ischemic 
events26 and AF is found to increase the risk of stroke fivefold27, it may 
be speculated that the participants may underreport the risk factors 
included in this study. This underreporting could be due to lack of access 
to advanced diagnostics, as the only hospital in Greenland is located in 
the capital Nuuk on the west coast. Furthermore, medical doctors are 
usually only present in towns, while health care stations in settlements 
are manned by nurses or health care workers with limited training.

The handheld single-lead ECG device did not miss any cases of 
AF when compared to the standard 12 lead ECG in this study. There 
were differences in the calculated QRS- and QT-intervals, implying 
that the handheld device should be used to evaluate rhythm only. 
Furthermore, portable devices such as the Instant Check have been 
found easy to implement 28-30 and may be considered a screening tool 
if used intermittently. A total monitoring time of around 19 minutes 
corresponds to the detection rate of Holter monitoring22, which should 
be taken into account when evaluating the results of 15 and 30 second 
ECGs.

Strengths and limitations
This study has several strengths. First, the handheld ECG device was 

tested and found usable in a Greenlandic setting before analyzing the 
data from East Greenland. Second, the quality of ECGs was evaluated 
both on-site by two researchers, of which one was qualified in internal 
medicine and by a consultant cardiologist before the analysis. The 
questionnaire was available in both Greenlandic and Danish, and 
support for filling out the questionnaire was available for both Danish 
and East and West Greenlandic speaking participants.

The main limitation of this study is the limited sample size, although 
1.4% of the Greenlandic population aged 50 years or older are included 
in the study. In addition, single point ECGs may miss paroxysmal AF, 
as stated in the discussion. Furthermore, the single and 12 lead ECGs 
were taken consecutively a few minutes apart and not simultaneously. 
This may result in one ECG showing SR and the other AF if the 
participant has paroxysmal AF. Thus, the single-lead ECG for that 
participant may have been registered as FN or FP.

Finally, the low prevalence of most of the comorbidities included 
in the questionnaire indicate underreporting by the participants. 
Validation using the participants’ medical journals could strengthen 
future studies. 

Conclusion
We found a prevalence of AF of one per cent in the population aged 

50 years or older in East Greenland based on single-point 30-second 
single lead ECGs recorded with a handheld device. The device was easy 
to use, and we found a good correspondence agreement between the 
types of cardiac rhythms identified on 12 lead ECGs and single-lead 
ECGs. However, single point recordings may underestimate AF, as 
paroxysmal AF may be missed. The prevalence of one per cent found in 

Discussion
We found a prevalence of AF of approximately one per cent in a 

study population aged 50 years or older, with 75% of the participants 
being older than 55 years. This points towards a very low prevalence 
of AF in Greenland, and previous studies on the prevalence of AF in 
Greenland have offered similar results. A study of ECGs from 1963 
from 181 male participants from East Greenland found only one case 
of AF8, and a study from 2003 among patients with ischemic stroke 
discharged from the referral hospital in Nuuk reported only one case of 
AF among 32 patients9. For comparison, the prevalence of AF based on 
single 12-lead ECGs was approximately eight per cent in the general 
Dutch population older than 55 years1 and 1.8 per cent among the 55-
64 year-olds in rural China and increasing with age18.There are limited 
data from other Arctic communities, but single point single lead ECGs 
have been used to establish the prevalence of AF among American 
Indians, finding a prevalence of 0.9% among 50–64 year-olds, 2.4% 
among 65-74 year-olds and 4.9% among those 75 years and older19.

However, single point ECGs were used in both our study and the 
study by Kjaergaard et al including ECGs from 1963 8, and the results in 
the study by Kjærgaard from 2003 are based on information written in 
the patients’ medical records9. Other studies indicate that opportunistic 
screening of patients visiting general practice does not increase the 
detection rate of AF20, 21, and single lead handheld devices used at a 
single point may miss paroxysmal AF22. This may be the case for the 
participant in our study who reported having an arrhythmia but had SR 
on the ECG. In addition, a recent meta-analysis including 18 studies 
found that the AF-detection rate of handheld single lead devices may 
depend on total monitoring time22. Thus, it may be speculated that 
the prevalence of AF in Greenland is higher than the one per cent 
suggested by the results in our study, as we may, in fact, only have 
detected cases of persistent AF. Therefore, a single ECG with SR 
should not rule out AF, and this should be taken into consideration in 
clinical practice. 

It could also be speculated that the prevalence of one per cent in our 
study may be due to a healthy study population as the prevalence of most 
self-reported risk factors in our study population was low. For example, 
diabetes was reported by only 2.3% in our study, which contrasts the 
prevalence of 15% found among Greenlandic Inuit older than 55 years 
in a study with 1,345 participants from West Greenland23. Less than 
two per cent reported having hypertension, which is otherwise found 
among 15.9% of the Greenlandic population aged 40 years or older 
24. Ischemic heart disease was reported among only half a per cent in 
our study, and thyroid disease was not reported.However, we found a 

Table 3: Medians and IQRs of the differences in heart rate and length of 
electric intervals between the 12 lead and single-lead ECGs

Heart rate, 
bpm

PR-interval, 
ms

QRS-
interval, 
ms

QT-
interval, 
ms

QTc-
interval, 
ms

Median differences 
between 12-lead and 
single lead ECGs
(IQR)

-0.5 (-5; 1) 0.5 (-11.5; 
6.5)

13 (2; 22) 21.5 (14; 
63)

23 (1;75)

p-value NS* NS* <0.001 <0.001 NS*

*: p-value>0.05
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16. U.S. Food & Drug Administration [Internet]. Silver Spring (MD): U.S. Department 
of Health & Human Services;[cited 2021 Jun 2] Available from 510(k) Premarket 
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17. DailyCare BioMedical. InstantCheck Real-Time ECG Monitor Instruction 
Manual. Available from: InstantCheck ECG User Manual (favoriteplus.com).

18. Sun GZ, Guo L, Wang XZ, Song HJ, Li Z, Wang J, Sun YX. Prevalence of atrial 
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2015 Mar 1;182:13–7.

19. Stavrakis S, Elkholey K, Lofgren MM, et al. Screening for Atrial Fibrillation in 
American Indian Adults in a Tribal Primary Care Clinic. J Am Heart Assoc; 10. 
Epub ahead of print 4 May 2021. 

20. Kjærgaard M, Andersen S, Holten M, et al. Low occurrence of ischemic heart disease 
among Inuit around 1963 suggested from ECG among 1851 East Greenland Inuit. 
Atherosclerosis. 2009; 203: 599–603.

21. Kaasenbrood F, Hollander M, de Bruijn SHM, et al. Opportunistic screening versus 
usual care for diagnosing atrial fibrillation in general practice: A cluster randomised 
controlled trial. Br J Gen Pract. 2020; 70: E427–E433.

22. Uittenbogaart SB, Verbiest-Van Gurp N, Lucassen WAM, et al. Opportunistic 
screening versus usual care for detection of atrial fibrillation in primary care: Cluster 
randomised controlled trial. BMJ; 370. Epub ahead of print 16 September 2020. 

23. [23]  Ramkumar S, Nerlekar N, D’Souza D, et al. Atrial fibrillation detection 
using single lead portable electrocardiographic monitoring: a systematic review and 
meta-analysis. BMJ Open. 2018; 8: e024178.

24. Jørgensen ME, Bjeregaard P, Borch-Johnsen K, et al. Diabetes and Impaired Glucose 
Tolerance Among the Inuit Population of Greenland. Diabetes Care. 2002; 25: 
1766–1771.

25. Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global and regional burden of 
stroke during 1990–2010: findings from the Global Burden of Disease Study 2010. 
Lancet. 2014 Jan 18;383(9913):245.

26. Bjorn-Mortensen K, Lynggaard F, Pedersen ML. Incidence of Greenlandic stroke-
survivors in Greenland: A 2-year cross-sectional study. Int J Circumpolar Health. 
2013 Nov 22;72:22626.

27. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor 
for stroke: the Framingham Study. Stroke. 1991 Aug;22(8):983–8.

28. Kristensen AN, Jeyam B, Riahi S, Jensen MB. The use of a portable three-lead ECG 
monitor to detect atrial fibrillation in general practice. 2016;34(3):304–8.

29. Chang W-L, Hou CJ-Y, Wei S-P, et al. Utilization and Clinical Feasibility of a 
Handheld Remote Electrocardiography Recording Device in Cardiac Arrhythmias 
and Atrial Fibrillation: A Pilot Study. Int J Gerontol. 2015; 9: 206–210.

30. Gwynn J, Gwynne K, Rodrigues R, et al. Atrial Fibrillation in Indigenous 
Australians: A Multisite Screening Study Using a Single-Lead ECG Device in 
Aboriginal Primary Health Settings. Hear Lung Circ. 2021 Feb;30(2):267–74.

the study should therefore be considered as the prevalence of persistent 
AF in Greenland. More studies, including multiple testing or more 
comprehensive monitoring, are recommended to provide a more precise 
estimate of the prevalence of AF among Greenlanders and before 
recommending the implementation of such devices.
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Introduction
Atrial fibrillation (AF) is a common arrhythmia in the general 

population and is more common in specific conditions such as cardiac 
and non-cardiac surgery1,2. AF following surgery could occur in patients 
who were or were not previously diagnosed with AF. Post-operative 
atrial fibrillation (POAF) is defined as the development of AF in the 
postoperative period in a patient who was not previously diagnosed 
with AF2,3. 

Focusing on POAF following cardiac surgeries is important since 
it is considered a common complication affecting patients following 

abundant surgical procedures including coronary artery bypass grafting 
(CABG), valve surgery, combined CABG and valve surgery, congenital 
defects surgery, and even percutaneous coronary revascularization 
but with a much lower risk than major surgical intervention 3-6. 
The occurrence of POAF  increases in correlation with increasing 
invasiveness of cardiac surgery, and may reach up to 60%, usually 
appearing within the first 6 days after surgery with a peak in the 2nd-
4th days 4-6.

POAF is associated with major morbidities such as prolonged 
mechanical ventilation support, postoperative stroke, myocardial 
infarction, cardiac arrest, permanent pacemaker, respiratory failure, 
pneumonia, gastrointestinal complications, acute kidney injury, and a 
new onset of dialysis. Furthermore, POAF leads to a longer hospital and 
intensive care unit stay, higher treatment costs, hospital readmission, 
and most importantly, 2 folds of increased mortality 6-8.

Risk factors that were reported to correlate with increased 
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Abstract
Background: Atrial fibrillation (AF) following cardiac surgery is common and has clinical impact on morbidity. The preoperative and 

intraoperative risk factors are still not well defined. The objective of the study was to examine preoperative and intraoperative risk factors 
for AF following cardiac surgery.

Methods: A retrospective analysis of a database of cardiac surgeries was performed during 2017-2019 at Poriya Medical Center. 
Preoperative and intraoperative factors were recorded.

Results: 208 patients were included in this analysis. Overall AF following cardiac surgery was detected in 50 (24%) patients. Of 175 
patients who did not have history of AF prior to surgery, 27 (15.5%) had post-operative AF.  In the 33 patients with previous AF, AF following 
surgery was detected in 23 (70%). Patients with AF following surgery were older (66.2±8.0 vs. 60.7± 11.4 years, p=0.002), were treated 
more with anti-arrhythmic drugs (18.9% vs 4.5, p<0.001), and had higher rates of pre-operative AF (46% vs 6.3%, p=0.0001), prior cerebral 
vascular accidents (14% vs 4.4%, p=0.019), and prior valve replacement (10% vs 1.9%, p=0.009) compared to patients without AF following 
surgery. In multivariate Cox regression analysis, age (HR 1.04, CI 1.01-1.07, P=0.006) and history of preoperative AF (HR 6.01, CI 3.42-10.57, 
P<0.001) were predictors of AF following cardiac surgery. The probability of being free of postsurgical AF was 80% among patients without 
history of AF compared to 30% in patients with previous AF history (p<0.001). 

Conclusion:  Preoperative AF and age were predictors of AF following cardiac surgery.
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incidence of POAF, were derived from epidemiological studies, and 
can be divided into 3 main groups: preoperative, intraoperative and 
postoperative factors 9,10. In the last 20 years, research has expanded in 
the field of POAF and several modifications have been implemented 
to perioperative management and surgical techniques, in an attempt to 
decrease POAF incidence or its subsequent complications. However, 
more progress needs  to be made11.The aim of this study is to evaluate 
preoperative, intra-operative risk factors and predictors of occurrence 
of overall AF following cardiac surgery including patients previously 
diagnosed and who were not previously diagnosed with AF (POAF).

Materials and Methods
A retrospective (case control) observational study was conducted 

in the cardiovascular department of Baruch Padeh Medical Center – 
Poriya to determine predictive risk factors that lead to developing AF 
in patients who had cardiac surgeries. The study was approved by the 
institutional ethics review board and the research was conducted in 
accordance with the Helsinki Declaration. Preoperative, intraoperative, 
and postoperative clinical data and laboratory tests were collected and 
summarized. Moreover, 30 days after surgery morbidities and mortality 
were recorded.

The population study included 208 patients who underwent cardiac 
surgeries at Baruch Padeh Medical Center in the years 2017-2019. 
Inclusion criteria consisted of: patients undergoing cardiac surgeries 
in a sinus rhythm with and without a history of AF. Exclusion criteria 
consisted of: patients with permanent atrial fibrillation, patients who 
were not in sinus rhythm prior to surgery, and patients with missing 
data. Patients were divided into 2 groups: patients with and without 
AF post cardiac surgery irrespective of their AF history prior to cardiac 
surgery.  Pre, intra, and post-operative factors were compared between 
the 2 groups.

Statistical Methods
Values were presented as mean and standard deviation, and 

Categorical variables were represented by percentage and prevalence. 
Comparison between patients who developed AF post cardiac surgery 
and those who did not was conducted using t- test or Mann Whitney 
U for the continues data, and Chi Squared Test for categorical 
data. Logistic regression analysis was used for identifying pre and 
intraoperative risk factors for developing AF post cardiac surgery.  

Kaplan Meir survival curve was utilized for evaluating the prevalence 
of AF post-surgery based on the history of pre-surgery AF. P value of 
less than 0.05 was  considered statistically significant.

Results
208 patients who underwent cardiac surgeries at Baruch Padeh 

Medical Center in the years 2017-2019 who met the inclusion criteria 
participated in our study. Overall, AF post cardiac surgery was detected 
in 50 out of 208 (24%) patients.  POAF was detected in 27(15.5%) 
out of 175 patients without history of documented AF before cardiac 
surgery (Table 1). Among the 33 patients with history of AF before 
cardiac surgery, AF following surgery was detected in 23 (70%) patients.

The participants’ demographic and preoperative clinical data are 
summarized in Table 2. Patients with AF post cardiac surgery were 
older (66.2±8.0 vs 60.7± 11.4 years, p<0.001), utilized more preoperative 
anti arrhythmic drugs (AADs) (18.9% vs 4.5%, p<0.001), and had more 
AF history (46% vs 6.3%, p>0.001), previous cerebrovascular accident 
(CVA)(14% vs 4.4%, p=0.019) and prior valve replacement (10% vs 
1.9%, p=0.009) compared to patients without AF post cardiac surgery.  
Hypertension tended to be more prevalent among patients with AF 
post cardiac surgery (74% vs 59.5%, p=0.06). In contrast, gender, height, 
weight, BMI, BSA, prior beta blockers, diabetes mellitus, dyslipidemia, 
chronic obstructive pulmonary disease (COPD) and interstitial lung 
disease, peripheral vascular disease (PVD), renal failure, undergoing 
dialysis, previous transient ischemic attack (TIA), coronary vascular 
disease, congestive heart failure (CHF), ejection fraction (EF),  previous 
CABG, and prior percutaneous coronary intervention (PCI) were not 
statistically different between the two groups. 

Table 3  summarizes the types of surgery and the percentage of AF in 
each type. Among patients with history of AF, 2 patients had ligation 
of left atrial appendage during the index surgery. Table 4 presents 
intraoperative factors and laboratory results. Pump time, minimum PH, 
Pre and post-operative hemoglobin, pre and post-operative creatinine 
were not statistically different between patients with and without 
AF following cardiac surgery. Aortic clamp time tended to be longer 
among patients with AF post cardiac surgery, compared to patients 
without AF post cardiac surgery  (116.7±52.0 vs 101.7±50.2 minutes, 
respectively , p=0.07). 

Post surgical major bleeding and infection were not statistically 
different between the two groups as presented in Table 5. In hospital 
mortality, including cardiovascular and non-cardiovascular within 
30 days and mortality in the first year following the surgery were not 
statistically different between the two groups. Readmission within 30 
days tended to be more prevalent among patients with AF post cardiac 

Figure 1: Kaplan Meir survival curve evaluating the probability of AF post-
surgery based on the history of AF before surgery.

Table 1: Atrial fibrillation post-cardiac surgery

No atrial 
fibrillation  post 
surgery (n=158)

Atrial fibrillation post 
surgery 
(n=50) *

P value

History of atrial fibrillation (n=33) 10 (6.3%) 23 (46%) <0.001

No history of atrial fibrillation (n=175) 148 (93.7%)  27 (54%) ** 

*Atrial fibrillation post cardiac surgery= 50 out of 208 (24%). ** POAF= 27 out of 175 (15.5%)
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surgery compared to patients without AF post cardiac surgery (26% vs 
14.6%, respectively , p= 0.06). 

Predictors of AF Post-Cardiac Surgery
As shown in table 6, univariate Cox regression analysis revealed that 

age (HR 1.05, CI 1.01-1.08, P=0.002) and history of AF (HR 6.48, 
CI 3.69-11.37, P<0.001)) were predictors of AF post-surgery. Type of 
surgery (HR 1.34, CI 0.95-1.91, p=0.09) and hypertension (HR 1.72, 
CI 0.91-3.24, p=0.09) tended to predict AF following cardiac surgery.  
In multivariate Cox regression analysis, age (HR 1.04, CI 1.01-1.07, 
P=0.006) and history of preoperative AF (HR 6.01, CI 3.42-10.57, 
P<0.001) were independent predictors of AF following cardiac surgery 
(table 7).

Kaplan Meir survival curve was utilized for evaluating the probability 
of AF post-surgery based on the history of AF before surgery (figure 
1). The probability of being free of AF post cardiac surgery was 80% 
among patients without history of preoperative AF compared to 30% 
among patients with history of preoperative AF (p<0.001). Most of 
AF episodes occurred between postoperative days 2 and 5 as showed 
in figure 1.  

Table 2: Demographic and preoperative clinical data 

No atrial fibrillation  
post surgery (n= 
158)

Atrial fibrillation 
post surgery 
(n=50)

P value

Male n(%) 125 (79.1%) 33 (70%) 0.18

 Female n(%) 33 (20.9%) 15 (30%) 0.18

Age (years) 60± 11 66±8 <0.001

Height (cm) 169 ± 8 169±10 0.92

Weight (Kg) 80.4±14.6 81.1±12.7 0.74

BMI (kg/m2) 27.8±4.3 28.3±3.5 0.50

BSA ( m2) 1.9±0.1 1.9±0.1 0.73

Beta blockers n (%) 90 (7.3%) 33 (67.3%) 0.21

Pre-operative antiarrhythmic drugs 
n (%)

7 (4.5%) 9 (18.4%) <0.001

Hypertension n(%) 94 (59.5%) 37 (74%) 0.06

Diabetes Mellitus treated with insulin 
n (%)

31 (19.6%) 6 (12%) 0.21

Diabetes Mellitus not treated with 
insulin n (%)

39 (24.7%) 11 (22%) 0.69

Dyslipidemia n (%) 105 (66.5%) 32 (64%) 0.75

COPD and Interstitial lung disease 
n (%)

7 (4.4%) 1 (2%) 0.43

Peripheral Vascular Disease n (%) 5 (3.2%) 1 (2%) 0.66

Renal failure  n (%) 5 (3.2%) 3 (6.1%) 0.34

Patients undergoing dialysis n (%) 2 (1.3%) 0 (0%) 0.43

Permanentpacemaker n (%) 3 (1.9%) 1 (2%) 0.96

Previous CVA n (%) 7 (4.4%) 7 (14%) 0.01

Previous TIA n (%) 1 (0.6%) 1 (2%) 0.38

Coronary Vascular disease n (%) 97 (61.4%) 32 (64%) 0.74

Chronic heart failure n (%) 8 (5.1%) 4 (8%) 0.44

Ejection Fraction (%) 53.6 ± 16.3 52.5 ±23.6 0.35

Previous CABG n (%) 3 (1.9%) 2 (4%) 0.39

Prior Valve Replacement n (%) 3 (1.9%) 5 (10%) <0.001

Prior PCI n (%) 43 (27.2%) 16 (32%) 0.51

Discussion
Overall AF following cardiac surgery was detected in 24% of 

patients. POAF (AF following cardiac surgery without history of 
AF) was detected in 15.5% of patients without history of AF prior to 
surgery. Among patients with history of AF, AF following surgery was 
detected in 70%. History of AF and age were in dependent predictors 
of AF following cardiac surgery.

The true incidence of POAF following cardiac surgery remains 
unclear due to variability in methods of detection and definitions of 
POAF12.The majority of studies reported POAF rates between 20-40% 
following CABG, 40-50% after valve surgery, up to 60% following 
combined valve and CABG surgery, and as high as 80% following 
multiple valve surgery 11. Mariscalco et al. reported  that among 17,262 
cardiac surgery patients, 4,561 (26.4%) developed POAF, primarily 
within 2 days of surgery 13. Bessissow et al. reported that the incidence 
of POAF among adults aged 45+ ranges from 20% to 40% among 
those undergoing thoracic or cardiac surgery 14. In our study, the overall 
AF following cardiac surgery was 24%, and POAF was 15.5%. This 
rate (15.5%) of POAF seems to be lower than the rate reported in 
the literature if we take into account only patients with no history of 
AF. The discrepancy could be attributed to differences in definition 
and detection of POAF. Part of patients undergoing cardiac surgeries 
who are considered to have no history of AF actually have undetected 
and or asymptomatic paroxysmal AF before surgery as many of them 
have risk factors for AF. Thus, to overcome this limitation, we decided 
to investigate the overall AF following cardiac surgery irrespective of 
history of AF before surgery.

Many risk factors for POAF were reported in different studies. In 
general, older patients and those with more preoperative comorbidities 
are more likely to develop POAF. These risk factors were used to create 
predictive scoring systems and risk models 2. Risk models are based on 
known risk factors such as age, race, CHF, a high Euro SCORE rating, 
COPD, emergency operation, decreased preoperative left ventricular 
EF, and decreased estimated glomerular filtration rate (eGFR) 13, 15-

17. However, Current risk prediction models for POAF are derived 
from epidemiological studies and are not based on pathophysiologic 
mechanisms. Due to that they are moderately accurate at best, these 
models are infrequently used in clinical settings 9. Currently, no 
validated, evidence-based threshold exists to stratify patients according 
to risk of developing POAF, and there are no published studies that 
delineate risk factors for POAF based on significantly differentiating 
factors. 

In general, the major risk factors for POAF among both non-
cardiac surgery and cardiac surgery patients are male sex, advancing 

Table 3: Type of surgery

No atrial fibrillation  post 
surgery (n= 158)

Atrial fibrillation post 
surgery (n=50)

CABG  (n=126) 103 (81.7%) 23 (18.3%)

CABG+valve surgery (n=27) 19 (70%) 8 (30%)

Valves surgery (n=44) 27 (61%) 17 (39%)

Other (n=11) 9 (81.8%) 2 (18.2%)
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difference between patients with and without AF post cardiac surgery, 
except for aortic clamp time which tended to be longer among patients 
with AF post cardiac surgery (p=0.07). In some studies, procedural 
factors such as the duration of the aortic cross-clamp time, location of 
the venous cannulation, and duration of cardiopulmonary bypass have 
been shown to affect the rates of POAF 4.

Finally, POAF after cardiac surgery was reported to be associated 
with increased short-term and long-term morbidity and mortality, 
including an eightfold increase in the risk of subsequent AF, as well as a 
higher rate of stroke and cardiovascular death 3,7,9,26,27. In our study, there 
was no difference in complications between the two groups, except for 
readmission within 30 days, which tended to be more frequent among 
patients with AF following cardiac surgery.

Limitations
This is a retrospective analysis of a relatively small number of patients. 

We decided to include all patients with AF following cardiac surgery 
irrespective of history of AF to overcome the variation in definition 
of POAF in different studies. Thus, our results applied to all patients 
with AF following cardiac surgery and not specifically to patients with 
POAF (patients with no history of AF).   

Conclusions
In summary, preoperative AF and age were independent predictors 

of AF following cardiac surgery.
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Introduction
Catheter ablation is an effective treatment modality for atrial 

fibrillation (AF) however, ablation success is significantly lower in 
patients with persistent and long-standing persistent AF. Multiple 
clinical trials evaluating catheter ablation in long-standing persistent 
atrial fibrillation have demonstrated a disappointingly high arrhythmia 
recurrence rate ranging from 20-59% depending upon duration of 
follow up and the strategy employed.1-5 Electrophysiologists have 
struggled to find a standard prescription for persistent AF ablation. 
Acknowledging the importance of extra-pulmonary vein substrate 
in patients with persistent AF, the strategy of posterior wall isolation 
(PWI) is being utilized with increasing frequency in patients with 
persistent AF.6-8  Hybrid Convergent AF ablation (HA) procedures 
have been utilized in over 10,000 patients worldwide and seek to create 

a transmural posterior wall isolation in addition to pulmonary vein 
isolation through a hybrid epicardial-endocardial ablation procedure. 
The Converge clinical trial9 evaluated a challenging patient population 
with persistent AF (LA size up to 6 cm, 42% with longstanding AF) 
and demonstrated a significant improvement in freedom from atrial 
arrhythmias (absent change in antiarrhythmic drug therapy) using HA 
approach in comparison to catheter ablation (67.7% vs 50.0%, p=0.036). 
Patients off antiarrhythmic drug fared worse, with HA success of 53.5% 
vs 32% in the CA group (p=0.0128). 

The left atrial appendage has been an area of interest in 
electrophysiology not only as a target to reduce stroke, but also as 
an electrical source of AF triggers and substrate. 10-11 We utilized the 
AtriClip device at the time of the Convergent procedure due to the 
evidence of immediate electrical isolation as well as the long-term 
durability of left atrial appendage closure (LAAC) as well as potential 
protection against thromboembolic events. 12-13 We began to routinely 
place the AtriClip in patients undergoing Convergent AF ablation 
since 2016. We hypothesized that electrical isolation of the LAA 
provided an additional benefit in terms of arrhythmia free survival 
with the potential for long term reduction in stroke risk. We sought to 
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Abstract
Background: Hybrid / Convergent (HA) ablation using surgical epicardial and catheter endocardial RF ablation improves freedom from AF 

in patients with persistent AF.  Triggers in the left atrial appendage may contribute to recurrence of AF following catheter ablation. 

Objective: Assess the impact on AF recurrence following HA with LAA closure (LAAC) with the AtriClip device.

Methods: Consecutive patients from 2014-2019 with persistent AF without prior ablation were treated with HA. In 2016 LAAC was added 
to further reduce both arrhythmia substrate and stroke risk. We assessed one-year outcomes. Recurrence was defined as clinical episode of 
atrial arrhythmia (AA) after a 90-day blanking period.

Results: 139 patients  with persistent AF without prior ablation underwent HA. 59 (48%) had HA alone, and 64 (52%) had HA with LAAC.
Baseline characteristics were similar in both groups with longer AF chronicity in patients with HA plus LAAC (6.4 vs 4.6 years p=0.15).  
Complete LAAC was noted in 61 (95%) patients treated with LAAC. There was a trend to improved freedom from any AA in the HA with LAAC 
group (88% vs 76%; p=0.15). Freedom from any AA off antiarrhythmic drug was significantly improved with HA and LAAC compared to HA 
alone (77% vs 58%; p=0.04). LAAC patients required fewer repeat catheter ablations at 1 year (p<0.05). No strokes, or deaths were noted 
in either group.

Conclusion: Patients with persistent AF treated with HA and LAAC using the AtriClip device had a significant reduction in AF recurrence off 
antiarrhythmic drug at one year.
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assess outcomes of consecutive patients who had undergone Hybrid 
Convergent ablation alone compared to the subsequent patients who 
underwent Convergent plus LAAC with the AtriClip at Maimonides 
Medical Center.

Methods
Study population and Data Sources

Consecutive patients with persistent atrial fibrillation without prior 
ablation, with or without prior anti-arrhythmic drug therapy from 
calendar years 2014 to 2019, were included in the study. Definitions 
of paroxysmal, persistent and long-standing persistent AF, success, 
and failure of ablation, and follow-up monitoring were based on the 
American College of Cardiology (ACC) recommendations. 14-15 

All patients underwent hybrid Convergent AF ablation for 
management of persistent atrial fibrillation. The procedure entails 
surgical epicardial and catheter-based endocardial ablation. Surgical 
ablation was performed via a trans-diaphragmatic route (changed 
to a subxiphoid approach in August 2016). The AtriCure Epi-Sense 
coagulation device is used to homogenize the posterior wall and to 
create lesions at the anterior left and right pulmonary veins as part of a 
pulmonary vein isolation lesion set. The endocardial ablation completes 
the wide antral circumferential ablation around the pulmonary veins 
and creates a right cavotricuspid isthmus line. Additional creation of 
a mitral line, anterior roof line, or ablation of other atrial tachycardias 
and substrate was at the discretion of the operator. Since April 2016, 
atrial appendage closure using the AtriClip device was concomitantly 

performed during the surgical portion of the ablation from a 
transthoracic approach in hopes of providing additional benefit in 
reducing arrhythmia recurrence and for potential stroke risk reduction. 

Minimum follow-up was identified as three months post-
intervention. Outcomes were assessed at one year. Patients with prior 
ablation history, follow up of less than three months post-procedure, 
were excluded from the study. 

The success of LAAC with the AtriClip device was evaluated by 
transesophageal echocardiography on post-procedural follow-up after 
3 months. Complete LAA closure was defined as having no left atrial 
appendage beyond a line drawn from the lateral border of the left 
circumflex artery perpendicular to the long axis of the left atrial ridge 
(Figure 1). A left atrial pouch proximal to this region is described as a 
left atrial cul-de-sac rather than a left atrial appendage stump. Residual 
left atrial appendages that existed beyond the lateral border of the left 
circumflex, but less than 1 cm were defined as minimal LAA stumps, 
while residual LAA which were greater than or equal to 1 cm were 
defined as significant LAA stumps.16

We performed a retrospective chart review of patients treated at 
Maimonides Medical Center for atrial fibrillation. Data collection for 
this was approved by the Institutional Review Board at Maimonides 
Medical Center as part of the TRAC-AF registry. We extracted the 

Figure 1:

Examples of AtriClip Closures. A red dotted line is drawn from the 
lateral border of the left circumflex artery perpendicularly to the 
left lateral ridge to demarcate the expected level of complete 
closure. Closures can be even more proximal at the level of the 
proximal border of the left circumflex artery (panel A), however 
we consider closures at the level of the lateral border of the 
circumflex to be complete (panel B). There can be a visual left 
atrial cul-de-sac that exists with complete closures (Panel B). 
Panel C depicts a non-trabeculated minor stump that extends 
beyond the lateral border of the circumflex artery. We defined 
a minor stump as extending <1cm from this level whereas a 
significant stump includes trabeculated tissue and/or extends 
1 cm or more. Panel D depicts a missed lobe at the ridge side of 
the appendage.

Table 1: Baseline Characteristics

Convergent 
only
(n=59)

Convergent 
plus AtriClip
(N=64)

P-value

Age in years, mean (SD) 63 (10.8) 64 (8.8) 0.62

Sex, N 0.54

   Female 21 (35.6) 21 (32.8)

   Male 38 (64.4) 43 (67.2)

BMI, mean (SD) 32.5 (5.7) 33.2 (6.7) 0.52

Time from First AF diagnosis, mean (SD) 4.6 (5.1) 6.4 (7.8) 0.15

Long-standing persistent AF 24 (40.6) 29 (45.3) 0.6

CHA2DS2-VASc score, mean (SD) 2.5 (1.2) 2.3 (1.4) 0.33

Antiarrhythmic Drug 31 (52%) 34 (53%) 0.94

Comorbidities

Coronary Artery Disease 16 (27.1%) 11 (17.1%) 0.18

Congestive Heart Failure 23 (38.9%) 17 (26.5%) 0.14

Diabetes Mellitus 14 (23.7%) 21 (32.8%) 0.26

Hypertension 47 (79.6%) 56 (87.5%) 0.24

Peripheral Vascular Disease 3 (5.1%) 4 (6.25%) 0.78

Thyroid Disorders 11 (18.6%) 9 (14.1%) 0.49

TIA/CVA 5 (8.4%) 8 (12.6%) 0.46

Echocardiographic Parameters

Ejection Fraction, mean (SD) 53 (14.8) 52 (11.4) 0.89

Left atrium antero-posterior size, mean (SD) 4.8 (0.7) 4.8 (0.6) 0.84

Mitral Regurgitation, N 0.02

   None 32 (53.3) 17 (26.6%)

   Mild/Moderate 27 (45.0%) 46 (71.9%)

   Severe 1 (1.7%) 1 (1.5%)

SD: standard deviation, TIA: transient ischemic attack, CVA: cerebrovascular accident 
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following data: age, gender, comorbidities (coronary artery disease, 
congestive heart failure, diabetes mellitus, hypertension, peripheral 
vascular disease, thyroid disorders, transient ischemic attacks, and 
stroke), use of anti-arrhythmic medications, duration of atrial 
fibrillation, CHA2DS2-VASc score, echocardiography findings (such 
as left ventricular ejection fraction, left atrium size, mitral regurgitation) 
before intervention and at one year follow up, characteristics of the 
ablation procedure including additional ablation lines and substrate 
modification. Clinical follow-up and complications were determined 
to 12-months post procedure. We sought to determine the freedom 
from AF and any atrial arrhythmias on or off anti-arrhythmic therapy 
outside of the 90-day blanking period for patients who underwent HA 
alone versus those who underwent HA with LAAC.

Student’s t-test, Wilcoxon signed-rank test, and chi-square were 
used as appropriate to compare the baseline characteristics between 
those with and without LAAC. Unadjusted Kaplan-Meier curves for 
incident AF/AFL/AT events were plotted for patients treated with 
or without LAAC and compared using the log-rank test. Unadjusted 
association between LAAC and incident AF/AFL/AT was evaluated 
using a Kaplan-Meier survival analysis. The results are presented as 
odds ratios (OR) and hazard ratios (HR) with corresponding two-sided 
95% confidence intervals (CI). All data analyses were conducted using 
SAS software university edition. 

Results
One hundred and thirty-nine patients with persistent atrial 

fibrillation without prior ablation underwent Hybrid Convergent 
AF ablation with a follow-up of at least 3 months. Of these, 59 (48%) 
patients had HA without LACC, and the following consecutive 
64 patients (52%) had HA with LAAC. There were no significant 
differences in age or gender between the groups (Table 1). The BMI in 
the majority of these patients was elevated (>32 in both groups). There 
was a trend to longer chronicity in the HA with LAAC group with 
a mean duration in AF of 6.4 years versus 4.6 years in the HA only 
group (p=0.15). There were no significant differences in CHA2DS2-

VASc score, comorbidities, or antiarrhythmic use at baseline in both 
groups. Notably, 8.4% of HA alone patients had a history of TIA/
CVA while 12.6% of HA with LAAC patients had a history of TIA/
CVA. Patients had preserved LV function on average and a mean LA 
diameter size of 4.8 cm in both groups. There were more patients with 
mitral regurgitation in the LAAC group. 

The mean number of epicardial ablation lesions (total posterior and 
anterior left atrial epicardial ablation) in the group undergoing LAAC 
was 48 (±9) versus 44 (±8) in the group without LAA closure (p<0.05). 
Additional endocardial linear ablation was performed to either treat 
spontaneous or induced macroreentry flutter or to address additional 
substrate.  Mitral isthmus lines were created in 19 (30%) patients 
who underwent HA with LAAC versus 17 (28%) in patients without 
LAAC. An anterior roof line was created in some patients to extend 
the posterior wall isolation more superiorly due to the limitations of the 
pericardial reflection preventing high posterior wall ablation.  Anterior 
roof lines were created in 26 (41%) of patients with LAAC versus 18 
(30%) patients in the HA only group (p=0.78). 

The success of LAAC was evaluated by transesophageal 
echocardiography. TEE was performed >3 months following the 
procedure. Complete LAAC was noted in 61 (95%) of patients. There 
was a minimal stump of <1cm in 2 (3%) patients and 1 patient (2%) had 
a missed lobe (Figure 1). Significant reduction in LA size was noted in 
both groups from mean 4.8 cm to 4.5 cm (p<0.05). 

There were no strokes, TIAs, myocardial infarctions, phrenic nerve 
injuries, esophageal fistulas or deaths in either group. There was one 
major bleeding event in the HA only group. In the HA with LAAC 
group there was one major bleeding event, one pericardial effusion, and 
three patients with pericarditis. 

There is a trend to improved freedom from any atrial arrhythmias 
on or off antiarrhythmic drug therapy at 1 year in the HA with LAAC 
group versus the HA only group (88% vs 76%; p=0.15) (Figure 2). 
However, freedom from any atrial arrhythmias off antiarrhythmic 
therapy was significantly better for HA plus LAAC over HA alone 
(77% vs 58%; p=0.04) (Figure 3). This was driven by the fact that there 
were significantly fewer patients on Class I or III antiarrhythmic drugs 
at 1 year follow up (31% in HA  only vs 14% in HA plus LAAC; 
p=0.03). In addition, there were significantly fewer patients requiring 
repeat catheter ablation within 1 year (10% in HA alone vs 0% in HA 
plus LAAC; p<0.05).

There was a larger proportion of patients who had organized 
arrhythmias as their arrhythmia recurrence in the HA plus LAAC 
group. In HA only patients, 70% of the recurrences were atrial 
fibrillation, while atrial flutter made up the 30% remainder. In patients 
who had undergone HA with LAAC when an arrhythmia recurred 
it was AF in 42% while 29% had atrial flutter and 29% had atrial 
tachycardia. 

Although patients were not routinely taken off anticoagulation 
following LAAC with the AtriClip device, a shared decision-making 
strategy was performed with the patient in clinical follow-up, taking 
into account the risks and benefits of long-term anticoagulation and 

Figure 2:
Arrhythmia Free Survival on or off antiarrhythmic therapy 
after ConvergentAblation for Persistent Atrial Fibrillation 
with and withoutAtriClip Left Atrial Appendage Closure
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is in line with the CONVERGE trial results. There appears to be 
substantial benefit to electrical isolation of the appendage without any 
increased risk for stroke. AtriClip closure of the LAA allows the patient 
to reap the benefit of electrical isolation without the additional need for 
a subsequent Watchman implant. Complication rates for the addition 
of AtriClip to the Convergent procedure were slightly higher however 
the increase in pericarditis/effusion have been subsequently mitigated 
by a more aggressive anti-inflammatory regimen post procedure. Our 
standard pericarditis prophylaxis now consists of intrapericardial 
triamcinolone (2mg/kg in 50cc of normal saline via chest tube and 
clamped for 12-24 hours) combined with IV solumedrol 50mg Q8 
hours x 6 doses.

Other approaches to electrically and mechanically isolate the 
appendage have potential trade-offs. An endocardial approach 
to LAA isolation is difficult as demonstrated by the 85% intra-
procedural LAA reconnection rate after a 60 minute waiting period and 
adenosine challenge.17 In addition when electrical isolation is achieved 
intraprocedurally, the patient may be left with a pro-thrombotic LAA 
until a subsequent Watchman implant. Furthermore, should the patient 
require repeat ablation, new peri-device leaks have developed in up to 
30% of Watchman patients, potentially increasing long-term stroke 
risk.18 Alternatively, a Lariat closure could be employed, however pre-
procedural imaging is required to screen for morphology suitability and 
the operator requires familiarity with the Lariat procedure.  The Sub-X 
Hybrid MAZE registry.19 details the feasibility of the Convergent 
procedure with a subxiphoid Lariat placement. While this approach 
eliminates the need for the single lung ventilation required for AtriClip 
placement, the procedure requires more careful patient selection and 
runs the risk of central leaks associated with Lariat. In our institution, 
the surgeon/operator familiarity with the AtriClip implant, the easy 
reproducible workflow associated with applying an AtriClip agnostic of 
LAA morphology, and the active durable compression of the AtriClip 
to seal the LAA has made it our LAA closure device of choice in 
persistent AF ablation procedures with concomitant mechanical or 
perceived electrical indications for closure.  

Follow-up TEEs were performed in patients to reevaluate moderate 
term closure and to ensure absence of any missed LAA lobes. 98% of 
patients had complete closure or insignificant stumps. The one patient 
with a missed lobe stresses the importance of utilizing multiple views 
by the echocardiographer to guide AtriClip placement. While there is 
currently no FDA indication for stroke risk reduction with AtriClip, a 
number of investigations have suggested an equally effective stroke risk 
reduction with surgical LAAC. 13,20- 21 A fair number of our patients 
underwent HA plus LAAC with either a history of bleeding, CVA/
TIA, or unwillingness to continue long term anticoagulation. Following 
confirmation of absence of a LAA, patients participated in a shared 
decision-making process reviewing their risks for embolic events and 
bleeding. Despite the fact that a quarter of the HA plus LAAC patients 
are off anticoagulants, there continues to be no embolic events in this 
patient population thus far. 
 
Conclusions

In summary, our study provides data that among patients with 
persistent AF treated with hybrid endocardial and epicardial ablation 
adding the LAA closure with the AtriClip device is safe and effective. 

their long term risk for thromboembolic events. 25% of patients in the 
AtriClip LAAC group and 7% among the group without LAA closure 
were discontinued from anticoagulation at 12 months follow-up. There 
were no stroke or embolic events in any patient at 1 year follow-up. 

Discussion 
In our experience the Hybrid Convergent Atrial Fibrillation 

procedure with left atrial appendage closure utilizing the AtriClip 
device demonstrated a superior freedom from atrial arrhythmia 
recurrence over Hybrid / Convergent ablation alone. These results were 
achieved in a difficult patient population with significant comorbidities 
and a long chronicity of AF. Given the limitations in a strategy of 
pulmonary vein isolation alone for persistent atrial fibrillation and the 
failure of additional linear ablation to significantly improve outcomes, 
the HA approach has provided patients deemed to have extensive LA 
substrate a more comprehensive lesion set. 

Like many other single center studies regarding the Convergent 
procedure, the types of patients triaged to receive the HA are often 
the ones deemed most likely to recur and require multiple ablations 
due to body habitus, left atrial enlargement, and long duration of atrial 
fibrillation. These are patients generally too far along the persistent 
AF timeline to qualify for most persistent AF trials, and in some 
cases bordered on being labeled permanent atrial fibrillation. The 
completion of the CONVERGE trial9 established the efficacy of a 
hybrid epicardial-endocardial approach to persistent AF ablation and 
perhaps best demonstrates the true value of a PWI in these difficult 
patients. Epicardial homogenization of the posterior wall, reinforced 
by endocardial lesions should increase the odds of a durable PWI over 
endocardial ablation alone. 

In our current study, we demonstrated a 19% absolute risk reduction 
in the recurrence of atrial arrhythmias off antiarrhythmic drugs in the 
HA plus LAAC group. The HA only group had a 58% freedom from 
atrial arrhythmias off antiarrhythmic drugs at 1-year follow-up which 

Figure 3:

Arrhythmia Free Survival off Antiarrhythmic therapy 
after Hybrid Convergent Ablation for Persistent Atrial 
Fibrillation with and without AtriClip - Left Atrial 
Appendage Closure
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The addition of LAA closure using the AtriClip device resulted in 
a lower rate of recurrent atrial arrhythmias at 12 months. We also 
found significantly fewer patients were using antiarrhythmic drugs 
and required fewer repeat ablation procedures with the addition of 
LAAC. We have found the HA procedure along with concomitant 
AtriClip LAAC to be a financially feasible and cost-effective method 
in treating patients with difficult AF substrate and those who may have 
a concomitant indication for LAA closure. This procedure addresses 
many of the current strategies and areas of interest in persistent AF 
management: posterior wall isolation, epicardial substrate, electrical 
isolation of the LAA, and mechanical closure of the LAA. Although 
additional randomized data is required, this concomitant hybrid 
approach may be an option for select patients in institutions receptive 
to a multidisciplinary approach to AF management. 

Limitations
Several strengths and limitations of this study should be noted. 

As this was an observational study and patients were not randomly 
assigned to LAA closure, there may be unmeasured confounding 
factors. Medication use was also ascertained by follow-up notes, and 
therefore we have no information on adherence to therapy. Furthermore, 
lack of adherence may have biased our results towards the null. Our 
study was also limited to patients only within one institution as well as a 
relatively small sample size. Strengths of our study are very close follow-
up and monitoring of arrhythmia recurrence and limited number 
of providers performing intervention, which minimizes procedural 
variation before and after the addition of the AtriClip LAAC to the 
Hybrid / Convergent procedure.
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Introduction
Langendorf and Mehlman were the first authors to suggest that 

non-conducted junctional premature complexes ( JPCs) could produce 
second-degree atrioventricular block (AVB) (1947)1. Later Rose, 
Rahimtoola and Gunnar (1970) demonstrated second-degree AVB 
caused by non-conducted Hisian premature beats by recording the His 
potential in an electrophysiological study (EPS).2

Since then, many publications dealt with this classic phenomenon, 
mostly related to the differential diagnosis with second-degree AVB 
and demonstrating the depolarization of the His bundle before a non-
conducted P wave.3

We report a patient case with bradycardic rhythm in a 12-lead 
electrocardiogram (ECG) showing blocked premature P waves and 

frequent JPCs with different forms of AV conduction, including 
pseudo-AVB in a 24h-Holter study.

Case Report
A 60-year-old Caucasian female with no history of heart disease 

referred for intermittent palpitations for approximately one year, with 
worsening symptoms during the last month. Physical examination was 
normal, but the 12-lead ECG showed a bradycardic rhythm (Figure 
1A). An echocardiogram was performed with no clinically significant 
findings. A 24h-Holter monitoring was requested to better understand 
the rhythm disorder.

Electrocardiogram and 24h-Holter findings
The ECG (Figure 1A) showed bradycardic rhythm, with a frequency 

of approximately 40 beats per minute. The P-wave morphology was 
compatible with sinus rhythm followed by a narrow QRS (90 ms) 
with a normal PR interval (130 ms). At the end of (or immediately 
after) the T wave, there was a low-amplitude deflection, which was 
predominantly negative in the inferior leads. Initially, the rhythm was 
interpreted as bigeminal non-conducted premature atrial complexes 
(PACs) causing bradycardia.
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Abstract
We present a case of a 60-year-old female patient, where the initial ECG showed a bradycardic rhythm due to early non-conducted P 

waves. The 24h-Holter analysis showed frequent junctional beats, dissociated from the P wave or with retrograde conduction, often related 
to early blocked P waves (in bigeminy or trigeminy) and periods of an apparent second-degree Mobitz II atrioventricular block (AVB).

We believe that these Holter findings represent the main forms of presentation of junctional extrasystoles with varying types of conduction, 
including anterograde conduction and retrograde block, anterograde and retrograde conduction, anterograde block and retrograde 
conduction and anterograde and retrograde block, simulating Mobitz II second-degree AVB. 

The observation of these multiple forms of junctional extrasystole presentation in a 24h-Holter can help to better understand the 
behavior of junctional or Hisian premature beats and in the differential diagnosis with true second-degree AVB and blocked premature atrial 
contractions.  
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In the 24-hour Holter monitoring, frequent premature QRS 
complexes with the same morphology as in the beats with normal 
atrioventricular conduction were observed, but they were often 
dissociated (Figure 2A) or followed by a negative P wave with a fixed 
ventricular-atrial interval, suggesting retrograde conduction (Figure 
2B). Periods of bradycardia caused by non-conducted premature atrial 
complexes were also observed (Figure 1B and 2C), similar to those 
found in the conventional ECG (Figure 1A).  

However, the morphology of these beats was identical to the 
retrograde P waves and frequently associated with periods of bigeminy 
or trigeminy with JPCs, suggesting a common electrophysiological 
background with different ECG presentations (Figure 2C). Finally, 
periods of second-degree AVB were also observed, occurring both 
during sleep and when the patients was awake; there was no successive 
PR-interval prolongation before non-conducted P waves, what in 
another context would represent Mobitz II second-degree AVB and 
would be a definitive pacemaker indication (Figure 2D).   

Discussion
Concealed JPBs can play different tricks. They may simulate non-

conducted atrial premature beats, when there is anterograde block and 
retrograde conduction, or first-or second-degree AVB, when there is 
anterograde and retrograde block. In the latter case, it may be difficult to 
differentiate the arrhythmia from second-degree Mobitz II or 2:1 AVB, 
which are frequent indications for permanent pacemaker implantation. 
3

In our patient case, the clue to interpret all the tracings is to think 
of JPCs with diverse presentations, as demonstrated with the ladder 
diagram. The Holter examples show: anterograde conduction and 
retrograde block (Figure 2A), anterograde and retrograde conduction 

(Figure 2B), anterograde block and retrograde conduction (Figure 2 
C), and both anterograde and retrograde block causing pseudo-AVB 
(Figure 2D).

In these cases, treatment is practically always conservative. However, 
catheter ablation was performed in a case of a highly symptomatic 
second-degree AVB due to concealed and manifested JPCs. 4

The EPS is the gold standard for the diagnosis of pseudo-AVB 
by concealed JPCs as it enables the evaluation of the integrity of the 
conduction system and the recording of a His-bundle electrogram, 
which enables the detection of premature His bundle depolarization 
preceding non-conducted P waves. Thereby, the EPS makes it possible 
to differentiate between concealed JPBs and real Mobitz II 2nd degree 
AVB. In the present case, we chose a conservative approach because the 
patient had no symptoms indicating high-degree AVB and 24-hour 
Holter recording provided us with crucial diagnostic information: the 
relationship between junctional beats and the non-conducted P waves 
could only by explained by the mechanism of concealed conduction.

Conclusion
Pseudo second-degree AVB by concealed JPCs is a classical but 

infrequent ECG diagnosis. The recognition of the various presentations 
of this phenomenon can help in the differential diagnosis with true 
second-degree AVB and blocked PACs.
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Figure 2:
A) Holter monitoring with JPCs dissociated from the P waves (anterograde conduction and retrograde block). B) JPCs with anterograde 
and retrograde conduction. C) JPCs with retrograde conduction and intermittent anterograde block. D) JPC with anterograde and 
retrograde block simulating second-degree atrioventricular block.
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Case Synopsis
A 27-year-old female patient with frequent premature ventricular 

complexes (PVCs) was referred for catheter ablation. The PVC 
exhibited a left bundle branch block, left axis QRS morphology (Fig. 
A). During the PVC intracardiac mapping localized the earliest 
activation at the infero-lateral part of the tricuspid ring. (Fig. B). 
Only temporary success was achieved by energy delivery at this site. 
Subsequently, an intracardiac echocardiography (ICE) catheter was 
introduced for real-time guidance (AcuNav, Biosense Webster) and 
a streerable sheath (SJM, Agilis sheath) was used, through which the 
ablation catheter (SmartTouch, SF, Thermocool, Biosense Webster) was 
looped back under the posterior leaflet of the tricuspid valve (Fig. C 
and D). At this subvalvular location, radiofrequency ablation resulted 
in the complete elimination of PVCs. During three years of follow-up, 
the patient remains free of PVCs. 

Discussion
The tricuspid annulus is a common source of idiopathic PVCs 

originating from the right ventricle. For the elimination of these PVCs, 
subvalvular placement of the ablation catheter has been described1. This 
case demonstrates the benefit of real-time visualization using ICE 
during this maneuvre.

Click for Video: Intracardiac echocardiography showing 
the ablation catheter under the posterior leaflet of the 
tricuspid valve
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Abstract
A case is presented demonstrating the value of intracardiac echocardiography during ablation of tricuspid ring premature ventricular 

complexes.
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Figure 1:

A. 12-lead ECG of PVCs. B. Activation map of the right ventricle from RAO view - Pink dots mark the location of ablation. The lower 
pink sphere marks the successfull subvalvular ablation. C. Fluoroscopic image – Position of the ablation catheter in RAO view. D. 
Intracardiac echocardiography image- It shows the ablation catheter under the tricuspid valve. (ECG= electrocardiogram, PVC= 
premature ventricular complex, RAO= right anterior oblique, ICE = intracardiac echocardiography, Abl. = ablation catheter)
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Introduction
Catheter ablation for atrial fibrillation (AF) can often lead to the 

acute discovery of new underlying rhythms prior to restoration of 
sinus rhythm. In this case report, using the new mapping module: 
CARTOFINDER™ software (Biosense Webster, Inc., Diegem, 
Belgium) we recognise and modify additional, non-fibrillatory 
arrhythmia substrate in addition to isolation of the pulmonary veins. 
Through this procedure 5 different atrial rhythms were revealed, namely 
AF, left sided atrial flutter (AFL), atrial tachycardia (AT), right sided 
AFL and finally sinus rhythm (SR), respectively. In the following case 
report, we shall demonstrate how we identified, mapped and ablated 
these respective rhythms, first using the novel CARTOFINDER 
software module followed by Coherent mapping and Ablation Index 
guided radiofrequency application for the remaining ablations.

Case report
We report the case of a 62-year-old male, undergoing catheter 

ablation on a background of persistent, symptomatic AF, refractory 
to first line treatment of one antiarrhythmic drug and cardioversion.

Under general anesthesia, vascular access was attained via the right 
femoral vein then trans-septal atrial puncture was performed under 
guidance of transoesophageal echocardiography (Vivid S70N, GE 
Healthcare). A 7 Fr mapping catheter with 20 electrodes (PentaRay, 
Biosense-Webster, Inc.) was used to create the 3D fast-anatomical 
map (FAM) and then dynamic local activation map after pulmonary 
vein isolation (PVI) was completed. This was performed as the patient 
remained in AF.

The left atrium (LA) was initially mapped in AF to display bipolar 
voltage (BiV). Mapping catheter splines were held in place until stable 
electrograms were achieved at each voltage point. Standard PVI was 
performed using wide area circumferential ablation (WACA), this was 
followed by additional radiofrequency ablation using ablation index 
targets of 500 anteriorly and 400 posteriorly. The additional targets were 
identified via CARTOFINDER focal and rotational activity mapping. 
As shown below, repetitive activation patterns were identified in the 
region of left atrial appendage (LAA) roof (Figure 1.A). Ablation 
of this target altered the rhythm from AF to an organized left sided 
AFL at CL of 226 ms (Figure 1.B). This was confirmed by the full 
tachycardia CL histograms via Coherent mapping that was entirely 
limited to LA only. 

Secondly, anterior wall ablation line (Figure 2.A) resulted in a change 
of the rhythm from AFL with CL 226ms to focal atrial tachycardia 
(AT), CL 258ms (Figure 2.B). Coherent remapping again revealed a 
focal activity for AT was identified at the roof of  LA (Figure 3.A). 
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Abstract
In this case, multiple breakthrough rhythms have been demonstrated in a single patient undergoing radio-frequency ablation with the 

aid of newly available tools. Our stepwise procedure utilized a mix of novel and standard mapping techniques to demonstrate different 
arrhythmia mechanisms. This case demonstrates the presence of multiple arrhythmias in the background of frequently seen persistent atrial 
fibrillation, highlighting the depth and complexity of the disease. The automated analysis of the electrogram enables the Electrophysiologist 
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This focus underwent radiofrequency (RF) ablation that subsequently 
induced a change in tachycardia CL, and a change in the activation 
on CS from proximal to distal indicating Rt sided atrial flutter 
(Figure 3.B). Again, Coherent mapping confirmed the rhythm as 
typical (counter-clockwise, cavo-tricuspid dependent (Figure 3.C) 
AFL which was successfully ablated and resulted in restoration of SR 
rhythm (Figure 3.D).One year post ablation, our patient remained in 
SR without any antiarrhythmic drug therapy.

Discussion
Case Summary

In this case, multiple breakthrough rhythms have been demonstrated 
in a single patient undergoing radio-frequency ablation with the aid 
of newly available tools. Our procedure utilized a mix of novel and 
standard mapping techniques, demonstrating the unmasking and 
ablation of these rhythms in a stepwise approach, until SR is restored. 

Mapping Module
CARTOFINDER utilises dynamic local activation time mapping, 

a novel method of highlighting areas of repetitive activation in AF.1,2 
High value substrate targets are identified, which may result in reduced 
RF application than standard ablation lines. This has the potential not 
only to save time during the procedure, but also to improve outcomes 
by leaving the patient with less pro-arrhythmic rotors long-term. 
This iatrogenic pro-arrhythmic substrate was one suggested cause for 
variable reproducibility of study results involving additional substrate 
modification. 3

Understanding the techniques for CARTOFINDER mapping
Far-field signals are filtered from obtained unipolar readings, and 

bipolar graphs are then generated for each using the two most proximal 
electrodes on the spline of the mapping catheter. A Bipolar Electrogram 
Window is applied to the unipolar signals, ranging from the earliest 
onset to latest offset of the two bipolar signals. Atrial signals falling 

Figure 1:

Despite of AF, Lead V1showed pseudo organised P waves while EGM 
A: PA, AP and LAO views of dynamic local activation map. Focal repetitive activation of the left atrial appendage (LAA) posteriorly is 
shown in green. B: EGM showing the change from atrial fibrillation to a left sided atrial flutter with activation from CS 1,2 to CS 9,10 
(left, long red arrow). Cycle length becomes 226ms (right, short red arrow) as the LAA points of interest are ablated. 
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within the Bipolar Electrogram Window are then annotated using 
wavelet analysis4. Local activation time (LAT) is generated from these 
annotations and displayed dynamically within 250ms windows of the 
30 second recording, to demonstrate how the activity changes over time, 
in contrast to traditional fixed time reference maps.

QS electrogram (EGM) deflection from the unipolar signals are 
recognised by CARTOFINDER.If the first QS is recognised within 
a 50 ms window and 10 mm radius and occurs for two or more beats 
then it is displayed as a green focal repetitive pattern. Rotational activity 

Figure 2:
A: Demonstrates a COHERENT map, with an anterior wall dependant flutter. Isthmus runs supero-medially to infero-medially (medial 
aspect of mitral annulus) on the anterior wall. B: Electrogram before and after the anterior wall line, cycle length changes from 226 
(first, left red arrow) to 256 (second, right red arrow).
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Figure 3:

A: Propagation and Coherent map showing focal atrial tachycardia (AT) with focus coming from the roof of the left atrium. B:EGMs 
showing AT with cycle length (CL) 256ms (left red arrow).During ablation of the target we see AT slowly change in it’s activation 
sequence, demonstrating proximal to distal activation on CS. The last 3 atrial cycles shows a change in CL from 283ms (middle red 
arrow) to 270ms indicating a right-sided CTI flutter.C: Coherent map of cavo-tricuspid isthmus (CTI) dependant flutter. D: Time-stamped 
electrogram series showing CTI dependant flutter CL 270 (left red arrow terminated into sinus rhythm during CTI ablation (second red 
arrow).
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were not ablated as other regions of interest had already resulted in 
termination of AF). Of the 26 targeted regions, there was a termination 
of AF in 12 (63.5%) patients with 5 patients to SR and 7 to other 
organised atrial rhythms. There was significant prolongation of cycle 
length with 12 other regions and no measurable effect with 4 regions. 
7 Similarly, in our case, one potential driver on the LAA was ablated 
and resulted in termination of AF to a left sided AFL. These novel 
findings will require further study in order to fully evaluate their role 
in the AF ablation.

Conclusion
This case shows multiple rhythms in AF that were unmasked by 

CARTOFINDER mapping. CARTOFINDER identified both focal 
and rotational activity for ablation. This case demonstrates the utility of 
this novel module when applied in a diseased LA with PeAF that aided 
in the localisation, understanding and eradication of four individual 
atrial arrhythmias before restoring sinus rhythm.  
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is recognised by the software as a pre-programmed “head meets tail” 
pattern between two electrodes on the catheter. Rotational activity is 
ensured to be spatially and temporally continual by only considering 
electrodes that are up to 20 mm apart and have unipolar electrode group 
activation times greater than 50% of the acquisition cycle length. This is 
marked as a blue colour visually and denotes that the pattern occurred 
for 2 consecutive beats. 5

Validation of CARTOFINDER for use in patients with 
Persistent AF

CARTOFINDER mapping has now been validated for use in AF. 
1,2,6,7 Transient focal and rotational activities were identified, transiently 
recurring at the same positions in the absence of stable rotors. This 
demonstrates the value of dynamic mapping. These areas of recurring 
activity were ablated, successfully reducing cycle length or terminating 
AF. One study demonstrated a positive response to ablation in 84.6% 
of potential drivers.2 In a multi-centre study conducted by Verma et al. 
they compared the sensitivity and specificity of the CARTOFINDER 
algorithm at identifying repetitive focal and rotational activity in 1411 
maps to a panel of three experienced electrophysiologists equipped 
with the activation maps and unipolar signals as the gold standard. 
Agreement between two of the three adjudicators was necessary before 
an area of interest was declared. The study found a sensitivity and 
specificity of 84% and 84% respectively for repetitive focal activation 
and 86% and 93% respectively for rotational activity.

Interest areas did not change their CL when comparing pre to post 
PVI maps, reinforcing their independence from the pulmonary veins. 3

Drivers with focal, not rotational, activity were noted to be 
predominantly located proximal to low voltage areas. This suggests 
a need for healthy tissue for optimal functionality, but possibly good 
utilization at the boundaries of atrial scar regions. In atria with heavy 
scar, as mostly seen in persistent AF, areas of focal activity (rather than 
rotational) may be more useful in differentiating points of interest. 
A study by Verma et al. looked at those who had ablation for PeAF 
using CARTOFINDER mapping and found that 75% of those whose 
where SR was restored had focal activity ablated, rather than 38% of 
procedures which did not result in SR (p= 0.006). 8

Left atrial appendage with rotational activity
Ablation of the LAA rotational activity (identified via 

CARTOFINDER) as successfully terminated AF into a more 
organised rhythm. Successful ablation of rotational areas in the LAA 
involved few RF applications (9 applications in this case), reducing 
potential pro-arrhythmic substrate. 9 For those with persistent AF, a 
focused LAA ablation of AF rotational activities may eventually be 
added as a strategy for selected patients. This may improve AF free 
burden in patients with persistent AF where LAA is considered a key 
player in AF maintenance. 10

The studied outcomes CARTOFINDER vary from termination of 
the arrhythmia to prolongation of cycle length of >/= 30 ms. In the study 
by Honarbakhsh et al. of 19 patients with persistent atrial fibrillation, 
they identified 29 potential drivers with the CARTOFINDER 
algorithm. Of these 29 drivers, 26 were ablated (The remaining 4 



Volume 15 Issue 4 | July 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology82 Case Report

www.jafib-ep.com

Roy Urman, Yariv Amos, Tom Potter. Characterization and significance of localized 
sources identified by a novel automated algorithm during mapping of human 
persistent atrial fibrillation. J Cardiovasc Electrophysiol. 2018 Nov;29(11):1480-
1488. doi: 10.1111/jce.13742. Epub 2018 Oct 8. PMID: 30230079.

9. Artur Baszko, Karol Kochman, Tomasz Królak, Piotr Kałmucki, Wojciech 
Telec, Stefan Ożegowski, Andrej Szyszka. Long-term results of irrigated bipolar 
radiofrequency ablation in patients with recurrent arrhythmia after failed unipolar 
ablation. Medicine (Baltimore). 2020 May 22;99(21):e19970. doi: 10.1097/
MD.0000000000019970. PMID: 32481260; PMCID: PMC7250050.

10. Taral Patel, Rod Passman. Atrial fibrillation and stroke: the evolving role of rhythm 
control. Curr Treat Options Cardiovasc Med. 2013 Jun;15(3):299-312. doi: 10.1007/
s11936-013-0234-9. PMID: 23397289; PMCID: PMC3651784.



Ablation of the Intercaval Bundle to Achieve Right Pulmonary 
Vein Isolation
Ata Bajwa1; Matthew Liendo2; Mario D. Gonzalez1; Ankit Maheshwari1

1Heart and Vascular Institute, Penn State Health Milton S. Hershey Medical Center 500 University Drive, Hershey, 
PA 17033
2Biosense Webster, 31 technology drive suite 200, Irvine, CA 92618

Corresponding Author
Ankit Maheshwari MD, MS
500 University Drive
Hershey, PA 17033

Key Words
Atrial Fibrillation; Wide antral circumferential ablation.

Case Description
A 63-year-old man with flecainide intolerance presented for 

catheter ablation of symptomaticatrial fibrillation (AF).Wide antral 
circumferential ablation (WACA) failed to achieve bi-directional 
conduction block from the right pulmonary veins (RPVs). A Pentaray 
Nav eco (L) catheter (Biosense Webster) was positioned at the ostium 
of the right superior pulmonary vein (RSPV) such that L1-12 were 
within the WACA lesion set and L13-20 were in the just outside in 
contact (L13-14 and L17-18) with the left atrium. When pacing from 
L5-6 within the RSPV, the high right atrial catheter (RA, P=proximal, 
D=distal) was activated prior to the coronary sinus (CS) and L13-20 
(Figure 1A). Activation heat maps (early=red, late=purple) of the RSPV 
within the WACA lesion set (Figure 1B) and right atrium (Figure 1C) 
during pacing from the right atrium and RSPV, respectively, supported 
the presence of an interatrial connection between the anterior RSPV 
ostium and posteroseptal right atrium. Ablation lesions were created 
at the posteroseptal right atrium (blue) and, ultimately, RSPV ostium 
(white arrow) immediately within the original WACA lesion set (red) 
to achieve RPV isolation (Figure 1D). 

Discussion
The presence of epicardial connections after WACA for AF has 

been associated with an almost 2-fold increase risk in arrhythmia 
recurrence (mean follow up 15 months).1 The intercaval bundle is a 
group of generally quiescent epicardial fibers connecting the posterior 
right atrium to the RPV ostia.2 The prevalence of active intercaval 
bundles in patients undergoing WACA for AF has been estimated 
at 6.7%.Successful ablation has been previously described from the 
right3 and left (RPV carina2 and inside the RPVs1) atrium while failure 
has been reported in 16.7% of cases.1 Data on durability of intercaval 
bundle or epicardial connection ablation is limited. In one series, 5 
of 16 patientswere found to have reconnections of previously ablated 
epicardial connections during repeat procedures.1

In this case, RPV isolation was achieved after targeting the right 
atrium,and ultimately, the ostium of the RSPV immediately within 
the original WACA lesions. The prevalence of active bundles may be 
underestimated if WACA near RPV ostia can successfully eliminate 
the left atrial insertion of the bundle. Challenging cases may result from 
arborization of the bundle and shielding by epicardial fat. In such cases, 
identification and targeting of the right and left atrial insertions may 
be required for successful ablation.
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Abstract
A 63-year-old man presented for catheter ablation of atrial fibrillation. Wide antral circumferential ablation (WACA) failed to achieve bi-

directional conduction block from the right pulmonary veins (RPVs). Activation heat maps of the right superior pulmonary vein (RSPV) within 
the WACA lesion set and right atrium during pacing from the right atrium and RSPV, respectively, supported the presence of an interatrial 
connection. Ablation at the posteroseptal right atrium and RSPV ostium within the WACA lesions achieved RPV isolation.

The intercaval bundle is a group of epicardial fibers connecting the posterior right atrium to the RPV ostia associated with AF recurrence. 
Identification of the right and left atrial insertions may be required for successful ablation. Challenging cases may result from arborization 
of the bundle and shielding by epicardial fat.
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Figure 1:

Surface and intracardiac electrograms during pacing from Pentaray electrodes (L5-6) after wide antral circumferential ablation of right 
pulmonary veins. Electrodes L1- 12 are in the right superior pulmonary vein and electrodes L13-20 are just outside the ablation lesion 
set (panel A). Activation heat maps (early=red, late=purple) of the right superior pulmonary vein (panel B) and right atrium (panel C) 
during pacing from the right atrium and right superior pulmonary vein, respectively. The final lesion set (panel D) is depicted with left 
atrial ablation (red), right atrial ablation (blue), lesion which resulted in RPV isolation (white arrow), and His bundle (yellow).
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Case Presentation
A 28-year-old woman with a past medical history of congenital 

single ventricle status postorthotopic heart transplantation(OHT) at 
one-year-old presenting with recurrent palpitation, with a 10% PVC 
burden on a 14-day ambulatory electrocardiogram (ECG) monitor.  
As such decision was made to proceed with PVC ablation. There was 
difficulty advancing the catheters into the RA during the ablation 
procedure via transfemoral approach.

The short femoral vein sheath was exchanged for a long sheath, and 
a contrast injection was performed that demonstrated an interrupted 
IVC. Contrast traversed to the azygous vein and eventually drained into 
superior vena cava SVC and RA (Panel A). A force-sensing irrigated 
ablation catheter was then advanced via the long sheath into the RV 
(Panel B). The activation map for the clinical PVC was performed 
that demonstrated the earliest activation along the lateral aspect of 
the moderator band and RVfree wall (27 msec pre-QRS). Single 
ablation lesion terminated the PVC (PanelsC and D).The rest of the 
procedure was uneventful, without any complications, and the patient 
was subsequently discharged with standard hospital protocol. A repeat 
ambulatory ECG monitoring demonstrated a PVC burden of <1%. The 
patient had been symptom-free ever since the ablation. 

Interrupted IVC is a rare congenital defect with a reported incidence 
of 1 in 5,0001. During fetal development, fusion of paired cardinal veins 
formsfour segments of IVC (hepatic, suprarenal, renal, and infrarenal).
Failure of subcardinal veins to form the suprarenal segment of IVC 
leads to interruption of IVC. The azygous vein system is developed 
separately via the supra cardinal veins and thus may develop normally 
and connects to the SVC. Therefore, venous blood that failed to go 
through the IVC will be drained tothe azygos vein instead, resulting 
in venous dilatation (due to an increased venous flow). 

Interruption of IVC poses a challenge in procedures that needs 
access to the right heart viathe femoral vein approach.Nevertheless, the 
dilated azygous vein provides an alternative access to the right heart. 
Previous case reports of patients with interrupted IVC undergoing EP 
procedures for supraventricular arrhythmias ablation and left atrial 
appendage occlusion were done with mixed of upper extremity venous 
access or femoral access with azygous vein continuation 2,3. We added 
into the literature the first case of ventricular arrhythmias ablation in 
a patient with interrupted IVC.In our case, we were able to pass the 
long sheath and an ablation catheter safely via the azygous vein into 
the RA and RV. Activation mapping of the PVC and single-lesion 
ablation of lateral moderator band and RV free wall was uneventful 
and without complications.
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Abstract
We present a case of a 28-year-old woman withinterrupted inferior vena cava (IVC) with azygous vein continuation who underwent ablation 

of premature ventricular contraction (PVC) in the right ventricle (RV) with access to the right atrium (RA) via the azygous vein and superior 
vena cava (SVC).
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Case Presentation – Question
A 38-year-old man was referred with transient episodes of syncope 

over a period of 2 years. Attacks occurred at rest and were non-
related to exercise. He denied previous episodes of tachyarrhythmia 
or palpitations preceding loss of consciousness.  He had no relevant 
past medical history and was not receiving any antiarrhythmic drug. 
Family history was unremarkable for cardiovascular diseases.An ECG 
showed intermittent WPW syndrome with right antero-septalpattern. 
Holter monitoring during an event demonstrated prolonged periods of 
complete heart block, with no ventricular escape (figure 1). 

Based on this rhythm strip, what is the most likely mechanism of 
the arrhythmia?

- Previous ablation that injured normal conduction system
- Neuromediated syncope
- PRKAG2 syndrome
- Coexisting advanced AV block in both normal and accessory 

pathway 
- Fatigue phenomenon of the accessory pathway

Answer
- The correct answer is d) (“Coexisting advanced AV block in 

both normal and accessory pathway”)

Syncope in patients with WPW syndrome is usually related to 
episodes of paroxysmal reentrant supraventricular tachycardia, or even 
preexcitated atrial fibrillation. Although intermittent preexcitation 
suggested long refractory periods in accessory pathway, making 
tachyarrhythmia unlikely, the observation in our case of extreme 
bradycardia as the cause of syncope was unexpected. Holter tracing 

shows conducted sinus rhythm with delta wave, followed by abrupt 
complete AV block after one beat showing AV node conduction 
(figure).

Unfortunately, electrophysiological study (EPS) was not performed 
in our patient, so we cannot define mechanism underlying sudden 
ventricular asystole. However, certain mechanisms can be reasonably 
excluded.

 
First of all, as AV block starts following AV node conduction it could 

have been related to a previous ablation attempt that injured normal 
conduction system. This was not our case, since the patient had no 
underwent any previous EPS.

An alternative explanation is a neuromediated reaction. However, it 
is surprising that conduction block was also not preceded by sinus rate 
bradycardia (PP intervals remain at the same rate) in the context of 
increased parasympathetic tone.

Fatigue phenomenon is described as the failure of conduction 
through the accessory pathway after a period of repetitive excitation 
(or intermittent preexcitation)1. This is a common finding, and its 
presence suggest a low likelihood of clinical tachycardia. Another 
possible mechanism of intermittent preexcitation is linking, defined 
as concealed conduction into the accessory pathway from the normal 
conduction system.The absence of regular antegrade conduction 
through the normal conduction system in this patient makes these 
explanationshighly unlikely. 

We made the diagnoses of both WPW syndrome and AV block, 
whether congenital or acquired. Disorders of conduction in both 
normal AV node and AV by-pass tracts, although rarely observed,may 
exist simultaneously in patients with WPW syndrome, intermittent, or 
fixed. There are just a few cases reported in the literature since the first 
description by Coumel et al in the early 70’s2.However, patients rarely 
experience syncope or bradycardia-related symptoms in adulthood. 
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Although no definitive conclusions can be made without an EPS, 
this case illustrates two interestingpoints: (1) Preexcitation might 
occur in association with AV conduction disorders. This should be 
kept in mindbefore ablating a manifest accessory pathway, especially 
in children. (2) Symptoms such as syncope or dizziness in a patient 
with intermittent WPW pattern should not always be attributed to 
tachyarrhythmia. However, intermittent preexcitation does not imply 
impaired conduction in the normal AV conduction system. 

 

There are some entities in which WPW and AV block may be 
associated, such as congenitally corrected transposition of the great 
arteries, or familiar cardiomyopathies such as PRKAG2 mutations3.Our 
patient had no structural heart disease (ruled out through an extensive 
cardiac imaging study)nor family history of cardiovascular diseases, 
and was not receiving any antiarrhythmic drug.

A permanent ventricular VDD pacemaker was implanted. The 
patient remained asymptomatic, with no new syncopal episodes for 
the next years. Follow up was lost as patient finally left town. 

Figure 1: Figure 1
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Introduction
Atrial fibrillation (AF) has rapidly become one of the most common 

arrhythmias, with its prevalence affecting over 4 percent of the 
population above the age of 60.1,2 Often associated with AF is the 
occurrence of thromboembolic events such as stroke. This embolic 
phenomenon accounts for approximately 16.6% of embolic strokes in 
the United States today.3 The risk of stroke is not only associated with 
AF but can also accompany several the treatments for this arrhythmia. 
The options for the management of AF range from simple rate control 
with rate-limiting agents to rhythm control with antiarrhythmics; 
however, both require implementation of long-term anticoagulation 
for the prevention of thromboembolic events. 

There are also a number of procedures that can be used in the 
treatment of AF, the most common of which is direct current 
cardioversion. Catheter ablation is recognized as an alternate option 
for patients with symptomatic AF who have failed or were intolerant 
to antiarrhythmic drug therapy.4 A potential complication associated 
with catheter ablation and direct current cardioversion is stroke. The 
incidence of thromboembolism is variable, with reports ranging from 
0% to 7%.5 One of the mechanisms of thromboembolism is thought 
to be the dislodgement of a left atrial clot that was present before the 
procedure. 

Generally, many steps have been implemented to reduce the risk of 
stroke. These steps often include the patient being anticoagulated to 
achieve an international normalized ratio (INR) of 2 to 3, for 3 weeks 

before direct current cardioversion, the use of new oral anticoagulants 
for 3 weeks prior to cardioversion.6 The use of transesophageal 
echocardiography (TEE) to exclude a left atrial thrombus before the 
procedure is sometimes used to confirm absence of a left atrial clot. 
Even with these pre-emptive measures at reducing the risk of stroke 
prior to these procedures, there are still instances in which a thrombus 
is still evident within the left atrial appendage (LAA). 

Historically, the threshold for a TEE before an AF ablation has 
been low, because a stroke is a potentially devastating complication 
that can be avoided.5 Generally, there are a number of factors that 
must be considered prior to TEE. Factors often considered include 
the risk to the patient, cost of the procedure, overall experience from a 
patient perspective, alternatives to a TEE to identify a LAA clot, and 
the likelihood that a clot will actually be found

Case Report
A 56-year-oldgentleman with history of HTN and obesity, Atrial 

fibrillation and atrial flutter (Chadsvasc of 2) with   cardiomyopathy 
with EF  35 to 40% presented with palpitations   lack of energy and 
fatigue and shortness of breath.  Gets dyspnea on exertion as well.

Echocardiogram Showed   
Mildly increased left ventricular cavity size.  There is mildly increased 

left ventricular wall thickness.  The left ventricular systolic function 
is moderately decreased.  The visually estimated ejection fraction is 
between 35 and 40%.  Moderate biatrial enlargement    

He was started on sotalol and his Atrial fibrillation was organized 
to atrial flutter  
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He then had transesophageal echo prior to anticipated atrial flutter 
ablation which showed Heavy smoke in LAA with a small sludge or 
clot and decreased LAA velocity. (Images 1,2,3)

Patient was given 10, 000 unit of heparin (patient is 125 kg) after 20 
min there was complete resolution of the thrombus prior to ablation 
with normalization of LAA velocity., EF noted to be 25 % (worsened 
from prior echo due to tachycardia) left atrial enlargement with left 
atrial volume of 85 mL. (Images 4,5)

Subsequently Radiofrequency ablation was done from the tricuspid 
valve to the inferior vena cava of the cavotricuspid isthmus. The 
patient converted into sinus rhythm during radiofrequency ablation. 
Bidirectional block was subsequently achieved. Trans isthmus 
conduction time post ablation was 180 ms. Differential pacing was 
also confirmed.

Patient did well during and post procedure and was continued on 
eliquis and sotalol . He continued to be is SR and symptoms are gone he 
has felt like he is a completely different person.  Denied any significant 
chest pain or shortness breath palpitations lightness dizziness or 
syncope.  EKG done today showed sinus bradycardia rate of 54 bpm.

Discussion
It is important to thoroughly evaluate patients undergoing direct 

current cardioversion or ablation for structural heart disease. In 
our experience, a TEE may be lifesaving from potentially morbid 
complications in patients with structural heart disease including 
cardiomyopathy, congestive heart failure, valvular heart disease, 
severe left atrial enlargement, prior heart valve surgery or prior atrial 
thrombi even if patients are hemodynamically stable. Also, a TEE may 
be considered for patients with a CHADS2 score >1. Both frequent 
therapeutic INR measurements and new oral anticoagulants may still 
have limitations in ensuring the absence of thrombus formation despite 
length of therapy >3 weeks9.

Other authors also concur with our viewpoint. A study from the 
Cleveland Clinic examined the results of over 1,000 TEEs performed 
immediately before a catheter ablation procedure for AF.8 The degree 
of blood stasis was categorized as thrombus, sludge, and spontaneous 
echo contrast. They found that left atrial thrombus and sludge were 
present in only 0.6% and 1.5% of patients, but that the prevalence 
of left atrial/left atrial appendage thrombus sludge increased with 
ascending CHADS2 score (scores 0 [0%], 1 [2%], 2 [5%], 3 [9%], and 
4 to 6 [11%], p < 0.01).5

However, these results from the Cleveland Clinic study show that 
there is a 1% risk of finding a thrombus or sludge even in patients 
who present for their ablation procedure in sinus rhythm when the 
CHADS2 score is >1. Therefore, although there are some additional 
risks, inconveniences, and costs, it seems that the only patients who do 
not need a TEE before an AF ablation are those who present for the 
procedure in sinus rhythm and have a CHADS2 score of 0.

There is no guidelines for treatment in patients with left atrial 
appendage thrombus despite appropriate anticoagulation. 

We have had few cancelled cardioversions and ablations due 
to presence of LAA thrombus or sludge despite appropriate 
anticoagulation.

In this case we injected heparin and maintaining ACT 350-400 
which have shown to completely resolve the thrombus or sludge as 
well as acute  improvement of LAA function and potentially prevented  
thromboembolic event after or during ablation. 

Further studies need to evaluate this strategy to wider patient 
population. 

Figure 1: Echo image color flow of LAA showing noflow.

Figure 2: LAA Velocities Pre heparin administration showing low velocity.
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Figure 3: LAA visualization of clot.

Figure 4: LAA Velocities Post heparin administration showing marked 
improvement of velocity

Figure 5: LAA color flow showing improved flow post heparin administration 
showing normalization of color flow.

Figure 6: Image of LAA clot resolution post administration of Heparin
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Introduction
Although pulmonary vein isolation (PVI) represents the cornerstone 

for catheter ablation of atrial fibrillation (AF)1, other extrapulmonary 
structures[e.g., superior vena cava (SVC), coronary sinus (CS), left atrial 
appendage (LAA), inter-atrial septum (IAS), crista terminalis (CT)] 
may harbor triggers initiating AF (the so-called non-pulmonary vein 
(PV) triggers).

We describe the role of SVCas a non-pulmonary trigger in a 
patientwith paroxysmal AF. 

The patient was a 61-year-old male with a history of hypertension. 
Since the first AF diagnosis 8 months prior, he experienced several 
episodes of AF lasting < 24 hours and was referred to our hospital for 
catheter ablation. 

After PV and posterior wall (PW) isolation was achieved, a 
pharmacologic challenge test with high-dose isoproterenol infusion 
(20 µg/min for 10 min) was started to assess PV/PW reconnection 
and elicit other potential non-PV-triggers. 

Non-PV trigger mapping during the pharmacologic test was 
achieved via multiple catheters, as previously described2,3: (1) a circular 
mapping catheter positioned in the left superior PV recording the far-
field LAA activity; (2) a 20-pole linear catheter with the proximal 10 

poles recording from the SVC/CT, and the distal 10 poles within the 
CS; (3) the ablation catheter in the right superior PV recording the 
far-field IAS activity(Figure 1 panel A-B).

During isoproterenol infusion, ectopic activity from the SVC was 
induced (earliest activation in the proximal electrodes of the 20-pole 
catheter within the SVC), which led to atrial fibrillation initiation 
(Figure 1 panel C). 

SVC isolation was achieved by targeting the sites of earliest 
activation, which resulted in an ablation lesion starting from the septal 
aspect of SVC along the posterior SVC-right atrial (RA) junction and 
RA posterior wall, as previously described by our group4. No phrenic 
nerve captureat 20 mA was observed along the sites of ablation.

While ablating the SVC, AF terminated with restoration of sinus 
rhythm. 

The procedure was uncomplicated and the patient was discharged 
after overnight observation. NoAF recurrence was documented in the 
following 12 months of follow-up. 

The SVC is one of the most common sources (3-15%) of non-PV 
triggers for AF5; its arrhythmogenic activity is due to myocardial sleeves 
extending from the right atrium into the SVC,which contain cells 
showing enhanced automaticity and triggered activity.3,5

Isoproterenol infusion at a high dose is pivotal to elicit SVC and 
other extrapulmonary triggers, especially when performing AF ablation 
under deep sedation or general anesthesia. If non-PV triggers are 
mapped, it is our standard practice to target for ablation not only those 
initiating AF or sustained runs of atrial tachyarrhythmias (AT), but also 
short runs of AT or repetitive (>10min) premature atrial contractions.5
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Complete SVC isolation can be achieved by targeting its septal 
segment and sites of early activation in the SVC-RA junction and RA 
posterior wall; this approach allows sparing the anterior/lateral aspect, 
avoiding the risk of sinus node and phrenic nerve injury.4

Conclusion
In conclusion, SVC is a common source of non-PV triggers and its 

isolation may significantly improve outcomes.
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Figure 1:

Panel A-B: Intracardiac recordings during isoproterenol challenge test from multiple catheters:a circular mapping catheter positioned 
(panel A, red circle) in the LSPV previously isolated and recording the far-field LAA activity (panel B, red box); a 20-pole linear catheter 
with the proximal 10 poles (Panel A, green circle) recording from the SVC/CT (Panel B, green box), and the distal 10 poles (Panel A, 
blue circle) recording from CS (Panel B, blue box); the ablation catheter (Panel A, yellow circle) in the RSPV previously isolated and 
recording the far-field IAS activity (Panel B, yellow box). Panel C: Ectopic activity from the SVC during isoproterenol infusion [earliest 
activation in the proximal electrodes of the 20-pole catheter within the SVC (green arrow)], leading to AF initiation.

AF: atrial fibrillation, CS: coronary sinus, CT: crista terminalis, IAS: inter-atrial septum, LAA: left atrial appendage, LSPV: left superior pulmonary vein, RSPV: right superior pulmonary vein, SVC: superior 
vena cava.
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2) Second Video
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