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Introduction
Guidelines have recommended catheter ablation for symptomatic 

atrial fibrillation (AFib) patients after multiple studies demonstrating 
that AF catheter ablation (CA) is superior to antiarrhythmic drugs 
(AADs) for improving symptoms.1,2 Pulmonary vein isolation (PVI) 

has been the cornerstone of ablation procedures3, first introduced by 
Haisaguerre et al. in 1988 4. Radiofrequency (RF) and cryotherapy 
are the two primary forms of energy used for PVI. Point-by-point 
Radiofrequency pulmonary vein isolation (RF-PVI) has been the 
standard of care; however, it is associated with a long learning curve5. 
In order to increase access to this therapy, cryoballoon pulmonary vein 
isolation (Cryo-PVI) has emerged as an alternative technique that can 
provide a circumferential ablation and has been shown to be nonferior 
to RF-PVI 6. Cryo-PVI has been shown to be more effective than AAD 
in recent clinical trials 7,8. 

Arctic Front™ (Medtronic, Inc, Minneapolis, MN) was first 
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Abstract
Background: Arctic Front™ and Thermocool® ablation catheters have proven to be safe in clinical trials; real-world data on modes of 

failure and the complications of these devices are limited. 

Objectives: To assess the reported mechanisms of failure, clinical consequences, and outcomes among the most frequently used ablation 
catheters in the United States.

Methods: Retrospective analysis of data from the FDA Manufacturer and User Facility Device Experience (MAUDE) registry in the last 
decade. 

Results: A total of 2092 reports were found during the study period. 1588 reports were included in the final analysis (Thermocool n=1016, 
Arctic Front n=572). The most commonly reported mode of failure was fracture of catheter component (i.e., guidewire, pebax, Balloon 
connector, shaft, tip, or bowden) 20.0% overall (13.9% with Thermocool and 30.8% with Arctic Front). Cardiac tamponade was the most 
common reported complication 23.4% overall (23.4% with Thermocool and 0% with Arctic Front). The procedure was aborted in 11.3% of 
the reported cases (16.2% with Thermocool and 2.6% with Arctic Front) with the need for surgical conversion in 7.9% overall (12.3 % with 
Thermocool and 0% with Arctic Front). The death occurred in 2.4% overall (3.7% with Thermocool and 0% with Arctic Front).

Conclusions: The most reported mode of failure is the fracture of the catheter component, followed by the Kink of the catheter. The most-
reported complications were cardiac tamponade and hemodynamic compromise; however, Arctic Front seems to be safe. Future efforts 
should focus on an innovative guidewire structure.
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approved by the U.S. Food and Drug Administration (FDA) in 2010 
and continued to develop with the second generation; Arctic Front 
Advance in 2012 and, recently, Arctic Front Advance Pro in 2021. 
Thermocool® (Biosense Webster, Inc, Irvine, CA) was first approved 
by the FDA in 2009 and continued to develop with Thermocool SF in 
2012 and recently Themocool Smart touch SF in 2016.

While both devices are proven to be safe in clinical trials, real-
world data on modes of failure and the complications of these devices 
are limited. Therefore, we examined the last decade’s failure reports 
submitted to the FDA Manufacturer and User Facility Device 
Experience (MAUDE) registry. 

Materials and Methods
The FDA’s MAUDE database is an online database of adverse events 

related to an approved medical device. Reporting to the MAUDE 
database is either mandatory (for manufacturers and device user 
facilities) or voluntary (for healthcare professionals, patients, and 
consumers). We queried the MAUDE database between January 2011 
and January 2021 for reports on Themocool and Arctic Frontcatheter.  

The database was last accessed on Novemebr 28th, 2021, by 
twoindependent reviewers (RM, and MH). The MAUDE database is 
publicly available and de-identified; therefore, no institutional review 
board approval was required for this study. We conducted a descriptive 
analysis of the most common modes of failure and complications.

Outcomes and statistical analysis
The primary outcome was the mechanism of failure. Secondary 

outcomes included clinical consequences of device failure. Categorical 
variables were described as numbers and percentages.All statistical 
calculations were performed with IBM SPSS Statistics for Mac, 
Version 27.0. (Armonk, NY: IBM Corp 2021)

Results 
A total of 2092 reports were found during the study period. After 

excluding a review of the published literature from the manufacturer 
and incomplete reports, 1588 reports were included in the final analysis 

(Thermocool n=1016, Arctic Front n=572). (Figure-1). The procedural 
and clinical characteristics were not described in all reports. Trend 
analysis showed a spike of reported cases in both catheters since 2017, 
with more reported Thermocool cases in 2021 (P for trend<0.001). 
(Figure-2). 

Mechanisms of failure and clinical outcomes
The most commonly reported mode of failure was fracture of catheter 

component (i.e., guidewire, pebax, Balloon connector, shaft, tip, or 
bowden) 20.0% overall (13.9% with Thermocool and 30.8% with 
Arctic Front) followed by kink of the catheter 16.6% overall (1.5% 
with Thermocool and 43.5% with Arctic Front). 

Cardiac tamponade was the most common reported complication 
23.4% overall (23.4% with Thermocool and 0% with Arctic Front) 
followed by documented hemodynamic collapse 14.4% overall (21.9% 
with Thermocool and 1% with Arctic Front). Pericardiocentesis was 
performed in 25.3 % of the reported cases, (39.4% with Thermocool 
and 0.3% with Arctic Front). The procedure was aborted in 11.3% of the 
reported cases (16.2% with Thermocool and 2.6% with Arctic Front) 
with the need for surgical conversion in 7.9% overall (12.3 % with 
Thermocool and 0% with Arctic Front). The death occurred in 2.4% 
overall (3.7% with Thermocool and 0% with Arctic Front). (Table-1). 
Reports of the Arctic Front and Arctic Front Advance catheter failure 
in the MAUDE registry are presented in (Table-2).Reports of the 
Thermocoolsubtypes catheters failure in the MAUDE registry are 
presented in (Table-3).

Discussion
Our findings can be summarized as follows: a) there has been a 

marked increase in the trend of reported cases in both catheters since 
2017, with more reported Thermocool cases in 2021.b) the most 
commonly reported failure mode was fracture and kink of the catheter, 
which was reported more frequently in the cryoablation Arctic catheter. 
The Cryo Sheath (Flex Cath) is an integral part of the system, and a 
stiff sheath could contribute to the fracture and kinking of the catheter. 
c) the most commonly reported complications were cardiac tamponade 
and hemodynamic compromise, however, Arctic Front seems to be 
safe, and most of the reported modes of failure and complication are 
minor, including low aborted procedure rate and no death or surgical 
intervention reported. However, caution must be ensured with 
interpreting this data as cryoablation is only used in the left atrium; 
however, RF ablation is used most with complex procedures with a 
higher risk of complications (such as redo ablation, non-pulmonary 
vein triggers, ventricles, coronary sinus, and epicardial surface) on 
possibly sicker patients. This may account for the discrepancy between 
the reported clinical outcomes.

Structural improvements of the ablation catheter are constantly 
emerging. The Arctic Advance™ catheter second-generation 
improvement in 2012 optimized the colling delivery inside the balloon, 
which provides a larger and more uniform cold surface than the original 
Arctic Front™ CryoAblation System. The most recent enhancement 
of the third-generation Arctic Front Advance ST became 40 % shorter 
than the prior generation, which facilitates more maneuverability.
(Figure-3) The first generation Thermocool® ablation catheter was 

Figure 1: Flowchart of the study
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Procedure aborted, n (%) 180 (11.3%) 165 (16.2%) 15 (2.6%)

Surgical conversion, n (%) 125 (7.9%) 125 (12.3%) 0 (0)

Death, n (%) 38 (2.4%) 38 (3.7%) 0 (0)

Figure 2: Trend analysis

Table 1: Reports of Thermocool vs Arctic Front catheter failure in the 
MAUDE registry

Overall 
n=1588

Thermocool® 
n=1016

Arctic Front™ 
n=572

Modes of Failure    

   Fracture, n (%) 317 (20.0%) 141 (13.9%) 176 (30.8%)

   Guidewire, n (%) 167 (52.7%) 1 (0.7%) 166 (94.3%)

   Pebax, n (%) 121 (38.2%) 121 (85.8%) 0 (0)

   Balloon connector, n (%) 10 (3.2%) 0 (0) 10 (5.1%)

   Shaft, n (%) 5 (1.6%) 5 (3.5%) 0 (0)

   Tip, n (%) 6 (1.9%) 6 (4.3%) 0 (0)

   Bowden, n (%) 2 (0.6%) 1 (0.7%) 1 (0.6%)

Kink/twist/bent, n (%) 264 (16.6%) 15 (1.5%) 249 (43.5%)

Guidewire, n (%) 228 (86.4%) 4 (26.7%) 224 (90.0%)

Balloon, n (%) 24 (9.1%) 0 (0) 24 (9.0%)

Shaft, n (%) 12 (4.5%) 8 (53.3%) 4 (1.6%)

Fluid detection, n (%) 150 (9.4%) 11 (1.0%) 139 (24.3%)

Catheter, n (%) 82 (54.3%) 11 (91.7%) 71 (51.1%)

Balloon, n (%) 45 (29.8%) 0 (0) 45 (32.4%)

Umbilical cable, n (%) 19 (12.6%) 0 (0) 19 (13.7%)

Console connection, n (%) 4 (2.6%) 0 (0) 4 (2.9%)

Internal part exposed/ unravel, n (%) 120 (7.6%) 120 (11.8%) 0 (0)

Pebax, n (%) 112 (93.3%) 112 (93.3%) 0 (0)

Helix, n (%) 2 (1.7%) 2 (1.7%) 0 (0)

Wire foot padel, n (%) 1 (0.8%) 1 (0.8%) 0 (0)

Balloon breach / leak, n (%) 40 (2.5%) 0 (0) 40 (7.0%)

Inner layer, n (%) 19 (47.5) 0 (0) 19 (47.5)

Outer layer, n (%) 3 (7.5%) 0 (0) 3 (7.5%)

Douple layer, n (%) 18 (45.0%) 0 (0) 18 (45.0%)

Sensor error, n (%) 78 (4.9%) 77 (7.6%) 1 (0.2%)

Electrical component failure, n (%) 36 (2.3%) 25 (2.5%) 11 (1.9%)

Complications    

Tamponade, n (%) 371 (23.4%) 371 (36.5%) 0 (0)

Hemodynamic collapse, n (%) 228 (14.4%) 222 (21.9%) 6 (1.0%)

Pericardial effusion, n (%) 146 (9.2%) 142 (14.0%) 4 (0.7%)

Cardiac Arrest, n (%) 41 (2.6%) 40 (3.9%) 1 (0.2%)

Unstable rhythm, n (%) 40 (2.5%) 35 (3.4%) 5 (0.9%)

Perforation, n (%) 31 (2.0%) 30 (3.0%) 1 (0.2%)

Complete heart block, n (%) 30 (1.9%) 30 (3.0%) 0 (0)

Atrial esophageal fistula, n (%) 25 (1.6%) 24 (2.4%) 1 (0.2%)

Transient ischemic attack, n (%) 23 (1.4%) 21 (2.1%) 2 (0.3%)

Myocardial infarction, n (%) 23 (1.4%) 16 (1.6%) 7 (1.2%)

Air embolism, n (%) 20 (1.3%) 5 (0.5%) 15 (2.6%)

Dissection, n (%) 14 (0.9%) 14 (1.4%) 0 (0)

Cerebrovascular accident, n (%) 11 (0.7%) 11 (1.1%) 0 (0)

Vagus nerve palsy, n (%) 7 (0.4%) 7 (0.7%) 0 (0)

Acute pericarditis, n (%) 6 (0.4%) 5 (0.5%) 1 (0.2%)

Pulmonary vein stenosis, n (%) 4 (0.4%) 4 (0.9%) 0 (0)

Management    

Pericardiocentesis, n (%) 402 (25.3%) 400(39.4%) 2 (0.3%)

Cryoballoon replaced, n (%) 151 (9.5%) 0 (0) 151 (26.2%)

Pacemaker implant, n (%) 18 (1.1%) 18 (1.8%) 0 (0)

Outcome    

All adverse, n(%) 630 (39.7%) 603 (59.4 %) 27 (4.7%)

Abbreviations: *Fluid detection: Safety system has detected fluid in the catheter and stopped 
the injection, *Sensor error: Force, leakage magnetic, bubble, or signal interference, N/A; not 
applicable. 

first approved in 2009 and later in 2012; it continued to be innovative 
with its porous tip technology that allows effective and uniform cooling 
of the entire catheter tip, enhancing efficient heat dissipation when 
ablating. Recently, in 2016, the Thermocool SMARTTOUCH® SF 
Navigation Catheter added a real-time contact force measurement at 
the catheter tip. (Figure-3)

A direct head-to-head comparison between Thermocool and Arctic 
Front cannot be made from the MAUD database. The percentages 
reported for the modes of failure and clinical events are not the 
likelihood of these events in the real world, but the percentage of the 
cases reported in the MAUDE database. Previous studies suggested; 
comparable complication rate between Cryo-PVI and RF-PVI (3.8% 
versus 0.6%; P=0.066) but longer procedure time in the RF-PVI 
(124.5±37.1 versus 78.5±20.2 minutes; P<0.001) (CRAPAF Trial)
(9). The RACE-AF Trial showed a similar complications rate between 
Thermo Cool Smart Touch and Arctic Front Advance (6% versus8%; 
P=0.70) (10).  The CIRCA-DOSE trial showed no significance in the 
adverse events between Cryo-PVI (Arctic Front Advance) and RF-PVI 
(Thermocool Smart Touch)11.

Limitation
Utilizing the MAUDE database to report the most common mode of 

failure and reported complication is limited by selection bias from the 
retrospective analysis and reporting bias from healthcare professionals. 
Our sample’s denominator is unknown, which is an integral part of 
calculating the incidence rate of each device’s mode of failure. The 
MAUDE database is not a comprehensive database as public reporting 
is voluntary. The numerically lower cases with Cryoablation could be 
underreported as the device failures leading to suboptimal patient 
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outcomes are more likely to be reported than device failures with no 
significant patient outcome.Our study lacks granular information on 
patient chracteristics,as well as imaging modalities, a key component of 
safe ablation procedure, that were used during these procedures.Finally, 
a causation between the device failure and clinical adverse events cannot 
be precisely determined.

Conclusions
The most commonly reported mode of failure is fracture of catheter 

component followed by Kink of the cathter.The most commonly 
reported complications were cardiac tamponade and hemodynamic 
compromise, however, Arctic Front seems to be safe.Future efforts 
should focus on an innovative guidewire structure. 
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   Guidewire, n (%) 224 (90.0%) 2 (3.6%) 2 (1.0%)
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Fracture, n (%) 176 (30.8%) 35 (18.1%) 141 (37.2%)

   Guidewire, n (%) 166 (94.3%) 34 (97.1%) 132 (93.6%)

   Balloon connector, n (%) 9 (5.1%) 1 (2.9%) 8 (5.7%)

   Bowden, n (%) 1 (0.6%) 0 (0) 1 (0.7%)

*Fluid detection, n (%) 139 (24.3%) 36 (18.7%) 103 (27.2%)

   Catheter, n (%) 71 (51.1%) 19 (52.8%) 52 (50.5%)

   Balloon, n (%) 45 (32.4%) 12 (33.3) 33 (32.0%)

   Umbilical cable, n (%) 19 (13.7%) 5 (13.9%) 14 (13.6%)
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Management
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Outcome
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Abbreviations: *Fluid detection: Safety system has detected fluid in the catheter and stopped the 
injection, *Sensor error: Force, leakage magnetic, bubble, or signal interference. 

Figure 3: Central illustration of Arctic Front advance ™ and 
Thermocool® Smart Touch cathter.
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Table 3: Reports of the Thermo cool catheters failure in the MAUDE registry

Overall
N=1014

ST-SF-Uni
N=30

ST-SF-Bi
N=200

ST-Uni
N=615

ST-Bi
N=94

SF-NAV-Uni
N=11

SF-NAV-Bi
N=12

Navistar
N=40

Navistar-RMT
N=12

Modes of Failure          

Fluid detection, n (%) 12 (1.2%) 2 (6.7%) 3 (1.5%) 5 (0.8%) 1 (1.1%) 0 (0.0%) 1 (8.3%) 0 (0.0%) 0 (0.0%)

Kink/twist/bent, n (%) 15 (1.5%) 0 (0%) 4 (2.0%) 9 (1.5%) 2 (2.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Fracture, n (%) 141 (13.9%) 9 (30.0%) 28 (14.0% ) 98 (15.9%) 6 (6.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Internal part exposed/ unravel, 
n (%)

120 (11.8%) 8 (26.7%) 28 (14.0%) 78 (12.7%) 5 (5.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (8.3%)

Sensor error, n (%) 77 (7.6%) 6 (20.0%) 23 (11.5%) 41 (6.7%) 4 (4.3%) 0 (0.0%) 1 (8.3%) 1 (2.5%) 1 (8.3%)

Electrical component failure, 
n (%)

25 (2.5%) 2 (6.7%) 5 (2.5%) 13 (2.1%) 5 (5.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Complications         

Air embolism, n (%) 5 (0.5%) 0 (0.0%) 1 (0.5%) 2 (0.3%) 0 (%) 0 (0.0%) 1 (8.3%) 1 (2.5%) 0 (0.0%)

Acute pericarditis, n (%) 5 (0.5%) 0 (0.0%) 1 (0.5%) 2 (0.3%) 0 (%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 1 (8.3%)

Myocardial infarction, n (%) 16 (1.6%) 0 (0.0%) 4 (2.0%) 9 (1.5%) 3 (3.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Perforation, n (%) 30 (3.0%) 1 (3.3%) 6 (3.0%) 16 (2.6%) 3 (3.2%) 0 (0.0%) 1 (8.3%) 2 (5%) 1 (8.3%)

Atrial esophageal fistula, n (%) 24 (2.4%) 0 (0.0%) 5 (2.5%) 8 (1.3%) 5 (5.3%) 2 (18.2%) 1 (8.3%) 2 (5%) 1 (8.3%)

Pulmonary vein stenosis, n (%) 9 (0.9%) 0 (0.0%) 1 (0.5%) 4 (0.7%) 0 (0.0%) 2 (18.2%) 0 (0.0%) 1 (2.5%) 1 (8.3%)

Vagus nerve palsy, n (%) 7 (0.7%) 0 (0.0%) 0 (0.0%) 7 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Dissection, n (%) 13 (1.3%) 0 (0.0%) 5 (2.5%) 6 (1.0%) 1 (1.1%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 0 (0.0%)

Transient ischemic attack, n (%) 21 (2.1%) 2 (6.7%) 2 (1.0%) 12 (2.0%) 2 (2.1%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 2 (16.7%)

Cerebrovascular accident, n (%) 11 (1.1%) 1 (3.3%) 1 (0.5%) 5 (0.8%) 0 (%) 1 (9.1%) 0 (0.0%) 3 (7.5%) 0 (0.0%)

Complete heart block, n (%) 30 (3.0%) 0 (0.0%) 3 (1.5%) 26 (4.2%) 1 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hemodynamic collapse, n (%) 222 (21.9%) 3 (10.0%) 50 (25.0% ) 136 (22.1%) 20 (21.3%) 2 (18.2%) 4 (33.3%) 3 (7.5%) 4 (33.3%)

Pericardial effusion, n (%) 142 (14.0%) 5 (16.7%) 27 (13.5%) 76 (12.3%) 22 (23.4%) 3 (27.3%) 2 (16.7%) 5 (12.5%) 2 (16.7%)

Tamponade, n (%) 371 (36.6%) 9 (30.0%) 73 (36.5%) 224 (36.4%) 42 (44.7%) 6 (54.5%) 6 (50.0%) 9 (22.5%) 2 (16.7%)

Unstable rhythm, n (%) 35 (3.5%) 1 (3.3%) 6 (3.0%) 25 (4.1%) 3 (3.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Cardiac Arrest, n (%) 40 (3.9%) 1 (3.3%) 7 (3.5%) 26 (4.2%) 6 (6.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Management         

Pacemaker implant, n (%) 18 (1.8%) 0 (0.0%) 3 (1.5%) 14 (2.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (2.5%) 0 (0.0%)

Pericardiocentesis, n (%) 400 (39.4%) 9 (30.0%) 69 (34.5%) 256 (41.6%) 45 (47.9%) 7 (63.6%) 6 (50.0%) 6 (15.0%) 2 (16.7%)

Outcome         

All adverse, n(%) 602 (59.4%) 17 (56.7%) 102 (51.0%) 372 (60.5%) 60 (63.8%) 10 (90.9%) 9 (75.0%) 23 (57.5%) 9 (75.0%)

Procedure aborted, n (%) 165 (16.3%) 4 (13.3%) 32 (16.0%) 102 (16.6%) 18 (19.1%) 1 (9.1%) 0 (0.0%) 8 (20.0%) 0 (0.0%)

Surgical conversion, n (%) 125 (12.3%) 4 (13.3%) 25 (12.6%) 77 (12.5%) 12 (12.8%) 0 (0.0%) 0 (0.0%) 7 (17.5%) 0 (0.0%)

Death, n (%) 38 (3.7%) 0 (0.0%) 5 (2.5% ) 25 (4.1%) 5 (5.3%) 1 (9.1%) 1 (8.3%) 1 (2.5%) 0 (0.0%)

Abbreviations: *Fluid detection: Safety system has detected fluid in the catheter and stopped the injection, *Sensor error: Force, leakage magnetic, bubble, or signal interference, ST-SF-Uni: Smart 
Touch Slow Flow Unidirectional, ST-SF-Bi: Smart Touch Slow Flow bidirectional, ST-Uni: Smart Touch Slow Flow unidirectional, ST-Bi: Smart Touch Slow Flow bidirectional, SF-NAV-Uni: Slow Flow Navistar 
unidirectional, SF-NAV-Bi: Slow Flow Navistar bidirectional. 
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Introduction
Atrial fibrillation (AF), the most common cardiac arrhythmia, is 

strongly associated with systemic embolism and a two-fold increased 
risk of death compared with those without AF1. Trials demonstrated 
that oral anticoagulants (OACs) effectively decrease ischemic 
complications of AF compared to placebos and aspirin2,3. The narrow 
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Abstract
Background and Aim: Direct oral anticoagulants (DOAC) are widely used, safe, and effective agents for thromboprophylaxis in nonvalvular 

atrial fibrillation (NVAF). In this study, we investigated the efficacy and safety of DOACs and the factors affecting DOAC dose preference in 
Turkey.

Methods: In this multicenter, cross-sectional, and national study, we included 1497 patients using DOACs for more than three months for 
NVAF in five different centers in Turkey. The demographic, clinical, and laboratory characteristics and medical history of the patients were 
recorded. Ischemic and hemorrhagic events that occurred under all types and doses of DOAC treatment were noted. Logistic regression 
analysis was performed to test predictors of ischemic events and hemorrhagic complications under DOAC treatment.

Results:The median age of the population was 73 (67-79) and 61.2% of those were female. The most common atrial fibrillation (AF) type 
for DOAC indication was permanent AF (73.1%). The most commonly used DOAC was rivaroxaban 20 mg (29.4%),and the least preferred 
DOAC was apixaban 2.5 mg (7.6%).The rate of dabigatran 110 mg was 10.7%, dabigatran 150 mg was 15.4%, rivaroxaban 15 mg was 
11.5%, and apixaban 5 mg was 25.5%.There were no differences between DOAC subgroups, including low and recommended doses, in 
terms of ischemic events and bleeding complications, despite CHA2DS2-VASc and HAS-BLED scores,which were found to be significantly 
different between groups.

Conclusions: Our study showed that all DOAC types and doses are similar in preventing ischemic events in NVAF patients. CHA2DS2-VASc 
and HAS-BLED scores were found to be more effective than glomerular filtration rate in DOAC dose preference.

therapeutic window and the drug and food interactions of warfarin, 
which has been used for more than 50 years for stroke prevention in 
patients with AF, led scientists to discover a more stable remedy for 
anticoagulation. Thereby, direct oral anticoagulants (DOACs), the most 
efficient invention of this rigorous research, have been used in stroke 
prevention in nonvalvular AF (NVAF) for more than 10 years.

Within the last decade, multicenter randomized trials and real-
life data have shown the effectiveness and reliability of DOACs and 
demonstrated them to be superior to warfarin in stroke prevention and 
bleeding complications 4–8. As of now, dabigatran, rivaroxaban, and 
apixaban are used in the treatment and thromboembolism prophylaxis 
of pulmonary embolism, NVAF, and deep venous thromboembolism. 
Edoxaban, of which only the higher dose regimen (60 mg od) has been 
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approved for stroke prevention in AF, has been used slightly less than 
the other three agents.

Although the prevalence of AF varies regionally and 
socioeconomically, NVAF patients constitute the majority of cardiology 
outpatient visits in daily practice. DOAC usage in this group has 
increased significantly in both Turkey and worldwide. There is literature 
on DOACs, but real-life data on the efficacy and safety of DOACs in 
patients with pure NVAF are limited, especially in Turkey. In this cross-
sectional,observational study, we aimed to investigate and compare the 
ischemic events, adverse outcomes, and complications that occurred 
under DOACs treatment in patients with NVAF in Turkey. It also 
aimed to investigate the preferred type and dose of DOACs.We also 
investigated the predictors of ischemic and hemorrhagic events related 
to DOAC use.

Material and Methods
Study Design and Patient Population 

This multicenter and cross-sectional study was conducted in the 
outpatient clinics of five different hospitals in Turkey. Consecutive 
patients with an age of ≥18 years who had been regularly using 
DOACs (apixaban 2.5 and 5 mg, dabigatran 110 and 150 mg, and 
rivaroxaban 15 and 20 mg) for more than three months due to 
NVAF (paroxysmal, persistent, long persistent, and permanent) were 
included in the study. Atrial fibrillation is defined as supraventricular 
tachyarrhythmia with uncoordinated electrical activation with 
the following electrocardiographic characteristics: irregular R-R 
intervals, absence of distinct repeating p waves, and irregular atrial 
activations. The clinical classification of AF was made according to 
the AF guideline released by the European Society of Cardiology. 
Paroxysmal AF terminated spontaneously or with intervention 
within 7 days of onset. Persistent AF continuously sustained beyond 
7 days, including episodes terminated by cardioversion (drugs or 
electrical cardioversion) after ≥7 days. Long-standing persistent AF 
was diagnosed with continuous AF for>12 months’ duration when 
decided to adopt a rhythm control strategy and permanent AF 

Figure 1: Inclusion and exclusion criteria

Table 1: Baseline characteristics of the study population

                           Variables   n=1497

Age, years 73 (67-79)

Gender (female), n (%) 916 (61.2)

AF type, n (%)  

Paroxysmal 166 (11.1)

Persistant 95 (6.3)

Long persistant 142 (9.5)

Permenant 1094 (73.1)

Risk factors  

Heart Failure, n (%) 360 (24)

Hypertension, n (%) 1163 (77.7)

Diabetes Mellitus, n (%) 423 (28.3)

Ischemic Event, n (%)  

Trans ischemic attack 193 (12.9)

Ischemic stroke 44 (2.9)

Peripheral Embolus 6 (0.4)

Hemorrhagic Stroke, n (%) 9 (0.6)

CAD/PAD, n (%) 521 (34.8)

Hyperlipidemia, n (%) 269 (18)

Smoking, n (%) 176 (11.8)

DVT/PTE history, n (%) 6 (0.4)

Chronic Renal Disease, n (%) 170 (11.4)

Bleding History, n (%) 33 (2.2)

Bleeding type, n (%)  

Minor bleeding 27 (1.8)

Major bleeding 6 (0.4)

Medical treatment  

Antiplatelet Agents, n (%)  

Asetylsalysilic acid 67 (4.5)

Clopidogrel 3 (0.2)

Beta-blockers, n (%) 699 (46.7)

Calcium Channel Blockers, n (%) 202 (13.5)

ACEI/ARB, n (%) 581 (38.8)

Statin, n (%) 158 (10.6)

DOAC type

Dabigatran 110 mg 160 (10.7)

Dabigatran 150 mg 230 (15.4)

Rivaroxaban 15 mg 172 (11.5)

Rivaroxaban 20 mg 440 (29.4)

Apixaban 2.5 mg 114 (7.6)

Apixaban 5 mg 381 (25.5)

Ejection Fraction (%) 60 (50-60)

CHA2DS2-VASc score 4 (3-4)

HASBLED score 2 (1-2)

Glomerular Filtration Rate (ml/min) 73 (60-86)

Hemoglobin g(dL 13.1 (12-14.2)

Platelet (103/µL) 230 (192-265)

Urea mmol/L 39 (31-50)

Creatinine mg/dL 0.9 (0.75-1.05)

AST u/L 20 (17-25)

ALT u(L 17 (12-23)

DOAC usage time (days) 502 (317-758)
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that no further attempts to restore/maintain sinus rhythm will be 
undertaken.

The presence of an AF episode in patients who were in sinus rhythm 
at admission was electrocardiographically proven prior to inclusion. 
All data regarding clinical and laboratory characteristics and patients’ 
medical history were obtained in a single visit between September 
2017 and February 2018. Previously known chronic diseases such as 
hypertension (HT), diabetes mellitus (DM), coronary artery disease/
peripheral artery disease (CAD/PAD) were diagnosed according to 
the related guidelines. Chronic kidney disease is defined as kidney 
damage or an estimated glomerular filtration rate (eGFR) less than 
60 ml/min/1.73 m persisting for three months or more irrespective 
of the cause. A total of 1,953 individuals were identified for the first 
assessment, and 456 subjects were excluded for various reasons. The 
exclusion criteria were as follows: I) warfarin use due to NVAF, II) 
patients with concomitant valvular heart diseases with a warfarin 
indication and whose DOAC treatment was changed to warfarin 
at admission, III) patients using DOACs for any indication other 
than AF (venous thromboembolism, intramural thrombus, etc.), 
IV) patients who use DOACs less than three months or do not use 
them regularly, V) patients using edoxaban, and VI) patients with 
malignancy (Figure 1). None of the patients had any type of invasive 
AF ablation or left atrial appendage closure procedures during or 
before the study period. The study was conducted in compliance with 
the Declaration of Helsinki principles and approved by the local 
ethics committee. 

Data collection and Outcomes
Investigators collected data from face-to-face interview notes and 

previous hospital records. The baseline information included DOAC 
types, doses, and usage time,clinical and demographic characteristics, 

medical history, laboratory data, echocardiographic findings,and 
other cardiac medication usage.In addition, AF types were noted.
Ischemic and hemorrhagic events and adverse outcomes during 
this period were also recorded based on face-to-face interview or 
pulled from hospital records if we could not reach the patients for an 
interview.Hemorrhagic events were defined as minor and/or major 
bleeding. Major bleeding was defined as any bleeding that caused 
a decrease in hemoglobin level more than 2 g/dL or led to hospital 
admission because of critical organ damage. Other bleeding events 
that did not meet the major bleeding criteria were considered as 
minor bleeding. Ischemic stroke and trans ischemic attack (TIA) 
were defined as a “neurological deficit of cerebrovascular cause that 
persists beyond 24 hours” or a “related syndrome of stroke symptoms 
that resolve completely within 24 hours” 9.Patients were also asked 
the total duration of regular DOAC use; verbal responses were 
confirmed using the National database system.Preferred DOAC type 
and dose were recorded,with the aim of finding correlations between 
DOAC preferences and factors including age, glomerular filtration 
rate (GFR), CHA2DS2-VASc, and HASBLED scores.In addition, 
it was evaluated whether DOAC doses were appropriate according 
to the clinical characteristics of an individual patient. Stroke and 
bleeding risk scores were calculated based on current patient data at 
admission. CHA2DS2-VASc score was used for stroke risk calculation, 
considering congestive HF or left ventricular dysfunction, HT 
(uncontrolled blood pressure), age 75 years and older or between 65-
74 years, DM, thromboembolism or stroke history, vascular disease, 
and female gender. Bleeding risk was assessed by HAS-BLED score 
consisting of HT, abnormal renal and/or liver function, stroke history, 
bleeding tendency or predisposition, labile international normalized 
ratio (for patients taking warfarin), elderly (age greater than 65 years), 
drug use (concomitant aspirin or nonsteroidal anti-inflammatory 
use) or alcohol use. Baseline renal functions were assessed according 
to the GFR; patients with GFR <60 ml/min were considered as 
having chronic renal disease (CRD).

Statistical analyses
All statistical tests were performed in SPSS software package 

(Version 22.0, SPSS, Inc., Chicago, IL) for Windows. Continuous 
variables were expressed as mean ± standard deviation (SD) or 
median and interquartile range (IQR) as appropriate according to 
the Kolmogorov-Smirnov test for normality of the distribution. 
The categorical data were summarized as the percentage frequency. 
Comparison tests were performed using the Kruskal-Wallis test for 
continuous variables and the chi-square test for categorical variables. 
One-way ANOVA was used to test the statistical differences among 
the means of two or more groups.The comparison of the continuous 
variables according to hemorrhagic/ischemic events was carried out 
with the student t-test and the Mann-Whitney U test. For categorical 
variables, we used the chi-square test.

Logistic regression (LR) model was used to test the predictors 
of ischemic events and hemorrhagic complications under DOAC 
treatment. Independent variables with a p-value less than 0.25 in the 
univariable analysis were added to the multivariable LR analysis to 
estimate the odds ratio (OR) and 95% confidence interval (CI) for 
the outcomes. Furthermore, variables that strongly associated to be Figure 2: The frequency of use according to the type and dose of 

DOACs

Continuous variables are presented as mean ± SD or median (IQR), categorical variables are 
presented as frequency (%)
ACEI: angiotensin converting enzyme, AF: atrial fibrillation, ALT: alanine transaminase, ARB: 
angiotensin receptor blocker, AST: aspartate transaminase, CAD: coronary artery disease, 
DOAC: direct oral anticoagulant, DVT: deep vein thrombosis, PAD: peripheral artery disease, PTE: 
pulmonary thromboembolism
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the study population are summarized in Table1. The most common 
risk factor was HT (77.7%). Overall,28.3% (n=423) of patients 
were diabetic, 24.1% (n=361) of patients had HF, 18% (n=269) had 
hyperlipidemia, and 11.7% (n=176) were smokers. In addition, 35.4% 
(n=531) of patients had CAD/PAD history, 14.6% (n=218) had a 
history of stroke or TIA. A total of 33 patients (2.2%) had a history of 
bleeding prior to beginning DOAC treatment. 

The following NVAF types were represented in our population: 
paroxysmal (11.1%), persistent (6.3%),long persistent (9.5%), and 
permanent AF (73.1%). The mean baseline score for CHA2DS2-VASc 
was 4 (3-4) and for HASBLED was 2 (1-2). Mean GFR level was 
73 (60-86) ml/min, while 11.4% (n=170) of the study population 
presented with chronic renal disease (CRD). Mean ejection fraction 
was 53.9±10.8 and none of the patients had significant valvular heart 
disease.

Medical Treatment
All patients were evaluated for DOAC type and dose, concomitant 
antiplatelet agents, and other cardiac treatments. While 46.7% of 
patients were using beta-blockers, 13.5%were using calcium channel 
blockers, 38.8%were using ACEI/ARBs, and 10.6% were taking statins. 
Within antiplatelet agents, 4.5% of patients were using acetylsalicylic 
acid and 0.2% of were using clopidogrel. Dabigatran was used by 26% 
(n=390) of patients, rivaroxaban by 40.9% (n=612), and apixaban 
by 33.1% (n=495). Dosage details (low vs recommended doses) are 
presented in Figure S1. The total percentage of patients using low 
dose DOAC was 29.8%. Types and doses of DOACs were compared 
according to patient characteristics. Those receiving low dose DOAC 
were older than those receiving the recommended dose (78±8 vs 
71.8±8.3, p<0.05).When DOAC doses were compared according to 
the GFR,mean GFR level was 63.47±18.5 ml/min in low-dose DOAC 
users and 71.89±18.6 ml/min in recommended dose users (p<0.001). 
Considering the DOAC preferences in CRD patients, mean GFR 
values were similar across all agents (lowest level was 44±10.3 ml/min 
in rivaroxaban 15 mg users and highest level was 48.2±7.1 ml/min in 
dabigatran 110 mg users, p=0.749). When we compared agent type and 
dose according to the CHA2DS2-VASc and HASBLED scores, there 
were significant differences between groups. CHA2DS2-VASc score 
was higher in low-dose DOAC users in all three groups.Nevertheless, 
HASBLED score was higher in low-dose users of dabigatran and 
apixaban (p<0.05) but notof rivaroxaban (p=0.801) (Table 2).Table 
3 shows the relationship and statistical differences between DOAC 
subgroups in terms of CHA2DS2-VASc and HASBLED scores.

Ischemic and Hemorrhagic Events
Median DOAC usage time was 502 (317-758) days in the whole 

study population. Ischemic events occurred in 26 (1.7%) patients 
during DOAC treatment. A total of 120 (8%) minor or major 
bleeding events developed in 103 patients during the DOAC 
treatment period. There was nosignificant difference between DOAC 
groups including low and recommended doses in terms of TIA or 
stroke development under DOAC treatment (p=0.476). There was 
no statistically significant difference between DOAC groups in 
terms of bleeding rates (all p values were >0.05). Regarding types 
of bleeding, two patients experienced intracranial hemorrhage under 
rivaroxaban 20 mg.Alveolar hemorrhage developed in only one 

the risk factors in previous studies were also included in the model. 
A p-value of less than 0.05 was considered to indicate statistically 
significant results.

Results
The study included a total of 1497 patients with NVAF who were 

using DOACs for more than 3 months due to stroke and systemic 
embolism prophylaxis. The median age (IQR) was 73 (67-79) years, 
and 61.2% of the population was female. Baseline characteristics of 

Table 2:
Mean CHA2DS2-VASc and HASBLED scores according to DOAC types 
and doses

CHA2DS2-VASc 
score   p value

HASBLED score
p value

Dabigatran 110 mg 2x1 4,01±1.43 <0.05 2,30±1.07 <0.05

Dabigatran 150 mg 2x1 3,47±1.37 2,08±1

Rivaroxaban 15 mg 1x1 4,30±1.7 <0.05 2,66±1.1 0.801

Rivaroxaban 20 mg 1x1 3,67±1.5 2,68±1.1

Apixaban 2,5 mg 2x1 4,49±1.35 <0.05 2,86±1 <0.05

Apixaban 5 mg 2x1 3,82±1.5 2,66±1.1

DOAC: direct oral anticoagulant

Table 3:
Relationship and statistical differences between DOAC subgroups 
in terms of CHA2DS2-VASc and HASBLED scores

Dabigatran 
150 mg 2x1 
Rivaroxaban 
15 mg 1x1

Rivaroxaban 
15 mg 1x1

Rivaroxaban 
20 mg 1x1

Apixaban 
2,5 mg 2x1

Apixaban 
5 mg 2x1

                                                         CHA2DS2VASC Score
                                                                 (p value)
 

Dabigatran 110 
mg 2x1

0.004 0.822 0.182 0.110 0.934

Dabigatran 150 
mg 2x1

<0.001 0.770 <0.01 0.067

Rivaroxaban 15 
mg 1x1

0.001 0.997 0.037

Rivaroxaban 20 
mg 1x1

<0.001 0.956

Apixaban 2,5 
mg 2x1

0.001

                                                              HASBLED Score
                                                                   (p value)  

Dabigatran 110 
mg 2x1

0.465 0.038 0.002 <0.001 0.007

Dabigatran 150 
mg 2x1

0.001 0.001 0.001 0.001

Rivaroxaban 15 
mg 1x1

0.999 0.826 0.999

Rivaroxaban 20 
mg 1x1

0.817 0.999

Apixaban 2,5 
mg 2x1

0.703

DOAC: direct oral anticoagulant
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and ischemic events (n=7). The effect of the drug change could not 
have been evaluated effectively since the prospective follow-up of the 
patients has not been continued.

Multivariable LR analysis revealed that, previous TIA (Odds ratio 
(OR): 4.612, 95% confidence interval (CI): 1.383 – 15.376, p=0.013), 
ischemic stroke history (OR: 6.080, 95% CI: 1.653 – 22.359, 
p=0.007), and low HASBLED score (OR: 0.382, 95% CI: 0.252 - 
0.578, p<0.001) were independently associated with ischemic event 
occurrence (Table S2).

According to the results of multivariable analysis for predictors 
of bleeding, bleeding history (OR: 5.356, 95% CI: 2.335 – 12.286, 
p<0.001), HT (OR: 2.193, 95% CI: 1.236 – 3.892, p=0.007), low 
HASBLED score (OR: 0.552, 95% CI: 0.446 – 0.684, p<0.001), and 
CRD (OR: 3.260, 95% CI: 1.999 – 5.316, p<0.001) were found as 
independent predictors of bleeding (Table S3).

Discussion
    This observational study is the first to investigate DOAC 
preference and effectiveness in preventing ischemic events and 
causing complications in patients with only NVAF in Turkey. 
There are several crucial points in this study. First, we found that all 
three DOACs(apixaban, dabigatran, and rivaroxaban) in low and 
recommended doses were similar in preventing ischemic events and 
causing bleeding with chronic use. Second, GFR was not taken into 
consideration in the selection of low-dose DOACs, which were also 
preferred in patients with normal GFR values. Nevertheless, low-dose 
DOAC use is significantly lower compared to the NOAC-TURK study, 
which was the first study of DOACs in Turkey to include all DOAC 

patient using dabigatran 150 mg. Bleeding requiring transfusion 
occurred at similarly low ratesin all DOAC groups except apixaban 
2.5 mg (p=0.839). No bleeding requiring transfusion was seen in 
the apixaban 2.5 mg group. All bleeding types and events reported 
in the study population were summarized in  Table S1.Alongside 
bleeding and ischemic events, it was also investigated whether 
the drug was changed or not in the outpatient clinic control. The 
number of patients whose DOAC was switched to another drug 
was 130 (8.7%). The most common reason for changing medication 
was minor bleeding (29.2%). Other reasons for medication change 
included gastrointestinal intolerance (n=26), major bleeding (n=13), 

Table S1: Bleeding types in patients under DOAC treatment

                    Bleeding Type                   Number of patients (n=1497)

Hematuria                             16 (1.06%)

Gastrointestinal bleeding                              23 (1.5%)

Epistaxis                             36 (2.4%)

Hemoptysis                              7 (0.004%)

Intracranial hemorrhage                              2 (0.001%)

Alveolar hemorrhage                              1 (0.0006%)

Bleeding requiring transfusion                              9 (0.006%)

Other minimal bleeding types                              26 (1.7%)

Total bleeding events                              120 (8%)

DOAC: direct oral anticoagulant

Table S2: Independent predictors of ischemic events under DOAC 
treatment

     Variables
                   Univariable analysis          Multivariable analysis

   OR (95% CI)                 p      OR (95% CI)       p

Heart failure 0.407 (0.121 -1.364) 0.145

Trans ischemic attack 1.382 (0.465 -4.107) 0.560 4.612 (1.383 – 
15.376)

0.013

Ischemic stroke 4.779 (1.360 
-16.794)

0.015 6.080 (1.653 – 
22.359)

0.007

CAD / PAD 0.347 (0.119 -1.012) 0.053

Smoking 0.296 (0.040 -2.200) 0.234

Hyperlipidemia 0.376 (0.088 -1.600) 0.185

HASBLED Score 0.450 (0.303 -0.668) <0.001 0.382 (0.252 – 
0.578)

<0.001

Chronic renal disease 1.884 (0.701 – 5.064) 0.209

DOAC type*
   Dabigatran 150 mg
   Rivaroxaban 15 mg
   Rivaroxaban 20 mg
   Apixaban 2.5 mg
Apixaban 5 mg

0.690 (0.170 – 2.802)
1.168 (0.308 – 4.427)
0.630 (0.182 – 2.183)
1.054 (0.231 – 4.803)
0.310 (0.068 – 1.399)

0.604
0.820
0.467
0.946
0.128

CAD: coronary artery disease, CI: confidence interval, DOAC: direct oral anticoagulant, OR: odds 
ratio, PAD: peripheral artery disease
* DOAC type odds ratios compared according to the reference agent (Dabigatran 110 mg).

Table S3: Independent predictors of bleeding events under DOAC 
treatment

     Variables
                   Univariable analysis          Multivariable analysis

   OR (95% CI)                 p      OR (95% CI)       p

Heart failure 0.651 (0.386 -1.099) 0.108

Hypertension 1.384 (0.820 - 2.337) 0.224 2.193 (1.236 – 
3.892)

0.007

CAD / PAD 0.635 (0.402 -1.004) 0.052

Smoking 0.287 (0.104 – 0.790) 0.016

HASBLED Score 0.629 (0.518 -0.764) <0.001 0.552 (0.446 – 
0.684)

<0.001

Chronic renal disease 3.480 (2.189 – 5.531) <0.001 3.260 (1.999 – 
5.316)

<0.001

Bleeding History 6.410 (2.963 – 
13.864)

<0.001 5.356 (2.335 – 
12.286)

<0.001

DOAC type*
  Dabigatran 150 mg
  Rivaroxaban 15 mg
  Rivaroxaban 20 mg
  Apixaban 2.5 mg
  Apixaban 5 mg

1.587 (0.730 – 3.449
1.329 (0.573 – 3.084)
1.098 (0.524 – 2.300)
0.688 (0.229 – 2.070)
0.919 (0.425 – 1.988)

0.244
0.508
0.805
0.506
0.831

CAD: coronary artery disease, CI: confidence interval, DOAC: direct oral anticoagulant, OR: odds 
ratio, PAD: peripheral artery disease
* DOAC type odds ratios compared according to the reference agent (Dabigatran 110 mg).
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decreased GFR was not a predictor of dose preference and there was 
relatively high dose selection in patients with low GFR. This can be 
explained in several ways. First, when we specifically considered patients 
with low GFR (<50 ml/min), themean CHA2DS2-VASc score was 
4.33. Therefore, it is possible that some physicians who feared the risk of 
stroke chose a dose based on a high CHA2DS2-VASc score rather than 
GFR. Second, the mean GFR in patients with renal insufficiency was 
not very low (40.4±7.9 ml/min). This relatively high value might have 
encouraged physicians to use high doses of DOACs. However, when 
considering bleeding rates,the use of low-dose DOAC in patients with 
normal GFR values may have reduced bleeding rates. Another related 
issue is the HASBLED score. As the HASBLED score increases, the 
risk of bleeding may increase.This was demonstrated in a systematic 
review encompassing 38 studies on bleeding risk prediction. The HAS-
BLED score provided the best evidence for predicting bleeding risk 
in these studies 21. However in our observational study, bleeding rates 
were found to be associated with low HASBLED scores, and this score 
was higher in low-dose DOAC users, especially in the dabigatran and 
apixaban groups. When these two results were considered together, 
a high HASBLED score was more effective than GFR in choosing 
low-dose DOACs in our population. Instead of HASBLED, previous 
bleeding history and chronic kidney disease were found to be significant 
predictors of bleeding, despite both being components of the score.

     One of the main subjects of the study was to investigate preferred 
DOAC doses and the possible factors affecting these choices.The 
National Food and Drug Administration has approved DOAC dose 
adjustment according to patient characteristics including age, body 
weight, and renal function. Although dose adjustment is clearly 
recommended, the use of off-label dosing is not un common in daily 
practice. In an epidemiological meta-analysis, the overall prevalence 
of DOAC off-label under or overdosing was found to be high as 24% 
and was higher in Asia than in North America or Europe22.  One 
cohort study investigating dose adherence in Asian people showed that 
more than one-third of patients were receiving underdosed DOAC 
prescriptions23.In addition, some studies have focused on outcomes 
relating to off-label DOAC use. A national registry in the United 
States found that underdosing ofDOACs was associated with increased 
cardiovascular outcomes,while over dosing of DOACs was closely 
related to increased all-cause mortality 24. These findings clearly indicate 
that choosing the right DOAC dose is very important for the balance 
of profit and loss ratios. Even thoughthe outcomes in our observational 
study did not differ greatly from those in previous studies, DOAC doses 
were not chosen in accordance with the guidelines.Some patients were 
prescribed doses that were lowerthan the recommended dose, while 
some were prescribed higher doses. National training programs to 
ensure the prescription of the correct doses of DOAC sare mandatory 
for the safety and effectiveness of anticoagulation treatment given to 
AF patients.

    Meanwhile, apart from ischemic and hemorrhagic events, and 
DOAC dose selection, there were some points of note regarding our 
study population.Our study was female-dominated, which is typical for 
Turkey, as shown by previous studies.The reasons for this may include 
the higher rates of obesity and rheumatic diseases found in women in 
Turkey, compared with other developed countries15,25,26. On the other 
hand, paroxysmal AF is mostly undetectable,so patients are not given 

indications. Third, contrary to expectation, a high CHA2DS2-VASc 
score was associated with the use of low-dose DOAC. One possible 
reason for this may be that the accompanying high HASBLED score 
prevents physicians from selecting the recommended dosage.
  
     In several national and international studies, DOACs have been 
shown to prevent ischemic events more effectively than warfarin10–12.
These results were supported by not increasing or even decreasing 
bleeding rates. However, the number of current studies directly 
comparing DOACs is limited. In a nationwide study conducted in 
Norway, Rutherford et al found no statistically significant differences 
in stroke and systemic embolism in propensity-matched comparisons 
between dabigatran, rivaroxaban, and apixaban13. Furthermore, in 
a systematic review and meta-analysis that summarized evidence 
from observational studies of direct comparative effectiveness among 
DOACs, no significant differences in the risk of stroke or systemic 
embolism were found between dabigatran, rivaroxaban, and apixaban 
14. In the NOAC-TURK study, the largest study comparing DOACs 
in Turkey, apixaban and lower doses of DOAC usage were found to 
be the main predictors of embolic events in all indications 15. In our 
observational study, we examined the predictors of ischemic events with 
LR analysis, and we also found no difference in stroke and systemic 
embolism between all three agents, including low and recommended 
doses. The presence of TIA and ischemic stroke history were found 
to increase the risk of stroke despite DOAC treatment, regardless of 
DOAC type.

      Bleeding is the most severe side effect and one of the most restrictive 
reasons for DOAC use. Therefore, comparisons of DOACs concerning 
bleeding complications have been discussed in several studies. In 
various nationwide cohort studies, dabigatran and apixaban were 
associated with lower bleeding risk compared with rivaroxaban, with 
no difference in effectiveness 13,16,17. In the ARISTOPHANES study 
conducted by Lip et al., which is one of the largest observational study 
of DOACs, apixaban was associated with a significantly lower risk of 
major bleeding compared with dabigatran and rivaroxaban 18. There 
were three major limitations in this study: a very short median follow-
up period (4 months), increased selection bias risk,and follow-up bias 
necessitating the use of healthcare claims databases. In our study, the 
median duration of DOAC use (16.7 months) was significantly higher 
than inthe ARISTOPHANES study. Besides, there was no obstacle 
to accessing patient data. In addition to these studies, the NOAC-
TURK investigators published theirstudy’s 1-year follow-up results for 
bleeding in Turkey. Rivaroxaban 20 mg was independently associated 
with major bleeding among DOACs 19. In our observational study, 
although we found no significant difference between DOACs in terms 
of bleeding, life-threatening complications  such as intracranial 
bleeding and alveolar hemorrhages occurred under rivaroxaban 20 
mg and dabigatran 150 mg treatment. The total bleeding events were 
lower in our study than those reported in the literature. There may be 
several points that could explain this result. As the GFR decreased, the 
risk of bleeding increased as the metabolism of DOACs decelerated. 
Based on these pharmacologic properties, dose adjustments according 
to the GFR were recommended 20. Therefore, in pivotal trials, low dose 
DOACs were administered to patients with low GFR 4,5,7. However 
in our observational study, the mean GFR in low-dose DOAC users 
was also within the normal range (63.47±18.5 ml/min). Interestingly, 
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al. Efficacy and safety of direct oral anticoagulants approved for cardiovascular 
indications: Systematic review and meta-analysis. PLoS One 2018;13. https://doi.
org/10.1371/JOURNAL.PONE.0197583.

13. Rutherford OCW, Jonasson C, Ghanima W, Söderdahl F, Halvorsen S. Comparison 
of dabigatran, rivaroxaban, and apixaban for effectiveness and safety in atrial 
fibrillation: A nationwide cohort study. European Heart Journal - Cardiovascular 
Pharmacotherapy 2020;6:75–85. https://doi.org/10.1093/ehjcvp/pvz086.

14. Li G, Lip GYH, Holbrook A, Chang Y, Larsen TB, Sun X, et al. Direct comparative 
effectiveness and safety between non-vitamin K antagonist oral anticoagulants for 
stroke prevention in nonvalvular atrial fibrillation: a systematic review and meta-
analysis of observational studies. European Journal of Epidemiology 2019;34:173–
90. https://doi.org/10.1007/s10654-018-0415-7.

15. Altay S, Yıldırımtürk Ö, Çakmak HA, Aşkın L, Sinan ÜY, Beşli F, et al. New 
oral anticoagulants-TURKey (NOAC-TURK): Multicenter cross-sectional study. 
Anatolian Journal of Cardiology 2017;17:353–61. https://doi.org/10.14744/
AnatolJCardiol.2016.7472.

16. Staerk L, Gerds TA, Lip GYH, Ozenne B, Bonde AN, Lamberts M, et al. Standard 
and reduced doses of dabigatran, rivaroxaban and apixaban for stroke prevention in 
atrial fibrillation: a nationwide cohort study. J Intern Med 2018;283:45–55. https://
doi.org/10.1111/JOIM.12683.

17. Noseworthy PA, Yao X, Abraham NS, Sangaralingham LR, McBane RD, Shah ND. 
Direct Comparison of Dabigatran, Rivaroxaban, and Apixaban for Effectiveness 
and Safety in Nonvalvular Atrial Fibrillation. Chest 2016;150:1302–12. https://
doi.org/10.1016/j.chest.2016.07.013.

18. Lip GYH, Keshishian A, Li X, Hamilton M, Masseria C, Gupta K, et al. Effectiveness 
and Safety of Oral Anticoagulants Among Nonvalvular Atrial Fibrillation Patients. 
Stroke 2018;49:2933–44. https://doi.org/10.1161/STROKEAHA.118.020232.

the appropriate anticoagulant therapy, while persistent AF type is more 
detectable. We believe closer scrutinization to identify other underlying 
causes is required.

    In our observational study, further important issues were previous 
ischemic events and a history of bleeding. As expected, these parameters 
were found to be significant predictors of ischemic events and bleeding 
complications, even under DOAC treatment. Considering these results, 
more comprehensive studies and management algorithms should be 
designed to minimize adverse outcomes, especially in patients with 
histories of ischemic and hemorrhagic events.

Limitations of Study
There are some limitations to acknowledge. First, the study 

was conducted retrospectively, and hospitalized patients were 
not included in the analysis. Second, as the study included only 
patients admitted to outpatient clinics, it did not include any data 
on mortality. Third, we only included NVAF patients, so we cannot 
provide precise information about hemorrhagic events with respect to 
DOACs,which are also frequently used for other indications. Fourth, 
edoxaban users were not included in the study because there were 
insufficient numbers when the study was carried out.Fifth, we were 
unable to obtainany information about ratios of poor drug compliance 
as the main aim of the study was not to evaluate adherence to DOAC 
therapy;the retrospective design of the study also precluded obtaining 
such information.Finally, due to the retrospective design of the study, 
we were also unable to obtain the height and weight measurement 
data of the patients. Therefore, body mass index was not included in 
the assessment.

Conclusions
In our observational study, DOAC type was not a predictor for 

ischemic events and bleeding complications. Moreover, previous TIA/
ischemic stroke and bleeding histories were found to be main predictors 
of ischemic and hemorrhagic events under DOAC treatment.In 
addition, CHA2DS2-VASc and HASBLED scores were found to be 
more effective than GFR for determining DOAC dose selection.
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Introduction
The electrocardiographic (ECG) left bundle branch block (LBBB) 

pattern may result from complete block in the proximal compact left 
bundle branch (LBB), complete block in the ‘distal’ LBB (without 
involving the septal fibers) or slow conduction in the LBB without 
actual block. 1-2 Patients with LBBB may develop transient complete 
heart block (CHB) during right heart catheterization 3-4. CHB in this 
scenario results from catheter trauma to the right bundle branch (RBB) 
leading to infra His conduction block. The occurrence of transient 
CHB in response to RBB trauma indicates that the LBBB is complete 
without residual septal fiber or slow conduction. These patients could 
conceivably carry a higher risk of long-term spontaneous heart block 
as only a single fascicle, the RBB, is available for atrioventricular 
conduction. We studied the long-term outcomes of LBBB patients who 
developed catheter induced CHB during right heart catheterization.

Material and Methods
Nineteen consecutive patients with LBBB undergoing 

electrophysiology study (EPS) or cardiac implantable electronic device 
(CIED) implantation between January 2002 and February 2007 who 
developed transient complete heart block related to catheter trauma to 
the RBB were evaluated.Complete heart block was considered transient 
if it resolved intraoperatively. LBBB was defined as QRS duration of 
≥120 ms, rS or QS deflection in lead V1, and slurred broad R waves in 
ECG leads I, aVL and V62. Patients with Q waves in the lateral leads 
were included. Long-term outcome data were obtained by reviewing 
the clinic records for ECGs, clinical histories and CIED interrogations. 
The date of progression was documented in those developing CHB or 
Mobitz 2 AV block if progression was evident during routine device 
interrogation when assessing the underlying rhythm. Five patients 
were excluded: 3 were lost to follow up, 1died 2 months after procedure, 
and 1 had AVJ ablation 6 months after the procedure. This study was 
approved by the Ascension St. Vincent IRB and received appropriate 
ethical oversight.

Electrophysiology study
Electrophysiology study was performed using quadripolar recording 

electrodes positioned at the high right atrium, bundle of His, and 
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Abstract
Background: Patients with left bundle branch block (LBBB) undergoing right heart catheterization can develop complete heart block (CHB) 

in response to right bundle branch trauma. Although catheter trauma related heart block is transient, it is unknown if such patients are at 
increased risk of clinical heart block during long term follow-up. 

Methods: We evaluated the long-term outcomes of 19 consecutive patients with LBBB developing transient CHB between 1/2002 and 
2/2007 during right heart catheterization (electrophysiology study or device implantation). Cardiac implantable electronic device (CIED) 
records and electronic medical records were reviewed. Five patients were excluded: 3 lost to follow up, 1 died 2 months after procedure and 
1 had AVJ ablation 6 months after procedure. 

Results: 14 patients were followed for a median of 14 years (interquartile range [IQR] 5.7 – 15.7). Thirteen patients (92.9%) had CIED 
implantations. Six patients (42.9%) developed spontaneous CHB during a median follow-up of 14 years (IQR 13.4 – 16.4). Eight patients 
(57.1%) had documented intact AV conduction. 

Conclusions: Transient catheter induced CHB during right heart catheterization in patients with LBBB may indicate a high risk of 
spontaneous clinical heart block during long term follow up.  
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right ventricular apex after obtaining informed consent. The surface 
ECG and intracardiac electrograms were continuously recorded. 
The intracardiac electrograms were filtered at 40 Hz and 500 Hz and 
displayed with amplifier settings of + 0.5 mV to + 1.0 mV. During 
device implantations, intracardiac intervals were not documented. 
Standard 12 lead ECGs obtained immediately before the procedures 
were evaluated for PR interval, QRS duration and axis, and q waves 
in leads I, aVL, V5 and V6 were recorded.  LBBB was defined in 
accordance with published criteria 5 with the exception that, for LBBB, 
q waves in ECG leads I, V5 and V6 were permitted.

Data Analysis
All ECG and intracardiac measurements were made by two 

electrophysiologists.Categorical variables are expressed as number and 
percentage of the cohort while the continuous variables are expressed 
as median with interquartile range (IQR). Comparisons of variables 
between the study groups was not performed given the low number of 
patients in each group.

Results
The median age was 69 years ([IQR63 – 75.5), and 8 of 14 (57.1%) 

were female.Key clinical and electrophysiologic features of study 
patients are summarized in Table 1.The median QRS duration was 
146.5 ms (IQR 140 – 160) with a range between 120 and 180 ms. The 
median HV interval (recorded in 10 patients) was 63 ms (IQR 46–75.5) 
and ranged between 48 ms to 128 ms. Seven of the 10 (70%) recorded 
HV intervals was > 55 ms in duration. Intracardiac electrograms were 
recorded only in 6 patients during CHB due to catheter location at 
the time of the incident; all 6 demonstrated intra His block (Figure 1). 
The median time to complete heart block was 5.9 (1.34 – 10.5) years.

Long-term outcomes
The median follow-up period was 14 years(IQR 5.7 – 15.7). Six of 

14 patients (42.9%) developed spontaneous CHB during follow-up. 
The temporal course of development of CHB in each patient is shown 
in Figure 2. Two patients (14.3%) presented with syncope leading to 

CHB diagnosis and 4 (28.6%) were first identified during evaluation of 
underlying rhythm during device interrogations. All events were CHB 
and no Mobitz 2 heart block events were noted. Data of individual 
patients are summarized in Table 2. The clinical and electrophysiologic 
characteristics of patients who developed CHB are compared with 
those who maintained AV conduction at long term follow up are 
compared in Table 3. Comparisons of variables between the study 
groups was not performed given the low number of patients in each 
group. However, those that developed CHB had a higher ejection 
fraction, longer HV interval and longer follow-up duration.

Discussion
A significant percent (6 of 14, 42.9%) of catheter induced transient 

CHB patients in this study developed spontaneous CHB during long 
term follow-up. When compared with historic controls of chronic 
bundle branch block patients where spontaneous CHB occurs in <1% 
per year6-7, our study with 42.9% incidence occurring at a median 
follow-up of 14 years is high. It is unclear if this difference can be 
in part related to the selected population of patients undergoing EP 
study or biventricular device implantations we studied. Pre procedure 
syncope was present only in one patient that developed CHB during 
follow-up. HV intervals for those with CHB ranged from 48 - 128 ms 
with a median interval of 70 ms.

Catheter trauma related heart block typically resolves spontaneously 
and is not an indication for permanent pacing.  The high percent of 
long-term heart block in this patient population suggests that the 
event may sub-select a group of LBBB patients at higher risk of heart 
block compared with unselected LBBB patients. Left bundle branch 
block patients developing transient CHB could carry a higher risk of 
long-term spontaneous heart block because they likely have complete 
conduction block in the LBB and only a single conducting fascicle, 
the RBB. If the LBBB pattern was due to slow conduction in the 
LBB or distal LBBB with surviving septal fibers, catheter trauma to 
the RBB would have resulted in a RBBB pattern rather than CHB8. 
Additionally, catheter induced RBBB could potentially identify a subset 
of patients with a more superficial and/or thinner RBB—possibly more 
vulnerable to disease processes causing RBBB and complete heart 
block. Although our follow-up period was long (median of 14 years 
[IQR 5.7 – 15.7]), the relatively small number of patients and events 

Figure 1:

Intracardiac Electrogram Revealing Catheter Induced Complete 
Heart Block. The surface electrocardiogram shows sinus 
rhythm and left bundle branch block (LBBB) on the first beat. 
Subsequently, P waves are not followed by QRS complexes and 
the intracardiac electrograms reveal atrial signal (A) followed by 
His signal (H) and no ventricular signal (V). This indicates block 
within the His. Abbreviations: HBED – His bundle electrogram 
distal, HBEP – His bundle electrogram proximal.

Table 1:

Clinical Characteristics. Frequencies are displayed as number with 
percentage or median with interquartile range. Abbreviations: 
CHB – complete heart block, CIED – cardiac implantable electronic 
device, EF – ejection fraction.

Age (years) 69 (63 - 75.5)

Gender (female) 8 (57.1%)

Congestive Heart Failure 10 (71.4%)

Syncope 5 (35.7%)

CIED 13 (92.9%)

CHB 6 (42.9%)

QRS (ms) 146.5 (140 - 160)

HV (ms) 63 (46 - 75.5)

EF (%) 35 (18.75 - 46.5)

Follow-up (years) 14 (5.7 - 15.7)

Time to CHB (years) 5.9 (1.34 - 10.5)
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precludes drawing definitive conclusions regarding risk of long-term 
CHB. However, these data suggest it may be prudent to follow-up these 
patients clinically for future development of heart block. 

The study cohort is relatively small due to the low incidence of 
catheter related CHB even after including all patients developing 
transient CHB between 2003 and 2007. Evaluation of a larger group 
could better define the incidence of long term CHB in this group 
of patients.The results may not be applicable to all LBBB patients 
because patients undergoing EP study or device implantation may 
have clinical profiles already predicting higher risk for future heart 
block events. Specific cardiomyopathies associated with higher risk 
of progression to complete heart block are not identified in this study. 
The injury to the RBB may be operator dependent and more aggressive 
catheter manipulations in the His bundle region may increase the 
risk of transient heart block.The risk of long-term CHB may be 
underestimated because many of our study patients underwent CIED 
implantations. Patients who underwent pacemaker or ICD procedures 
(6 of 14) may not have developed symptoms during intermittent heart 
block events and the events could go undetected. Progression to CHB 
was determined during routine CIED interrogations when evaluating 
the underlying rhythm and intermittent CHB or Mobitz 2 AV block 
may go undiagnosed in such patients and would only be identified if it 
was present during device interrogation.

Conclusions
Transient catheter induced complete heart block during right heart 

catheterization in patients with LBBB may identify a higher risk cohort 
who develop spontaneous clinical heart block during long term follow 
up.  

Table 2:
Individual Characteristics. Abbreviations: CHB – complete heart block, CIED – cardiac implantable electronic device, CRT – cardiac 
resynchronization therapy, EPS – electrophysiology study, NSVT – non-sustained ventricular tachycardia, PPM – permanent pacemaker, SVT 
– supraventricular tachycardia.

Study ID Follow-up 
(years)

Cardiomyopathy Procedure QRS duration
(ms)

HV (ms) Age Gender Ejection 
Fraction (%)

Syncope CIED 
implant

Developed 
CHB

Time to CHB 
(years)

1 11.0 NICMO EPS and PPM 140 80 63 Female 45 Yes Yes No

2 7.5 ICMO CRT 135 - 78 Female 10 No Yes No

3 14.0 NICMO EPS and CRT 160 74 75 Female 35 No Yes Yes 12.6

4 14.4 ICMO EPS and CRT 140 40 62 Female 15 Yes Yes No

5 3.5 NICMO CRT 163 - 77 Male 15 No Yes No

6 15.3 ICMO EPS and CRT 143 74 63 Male 30 No Yes Yes 15.0

7 12.9 N/A EPS for NSVT 140 128 67 Male 55 No Yes Yes 5.8

8 3.8 ICMO EPS for 
Syncope

168 60 71 Male 30 Yes Yes No

9 14.1 N/A EPS for SVT 150 48 67 Female 45 No Yes Yes 2.4

10 15.2 N/A EPS for 
syncope

160 56 84 Male 51 Yes Yes Yes 0.3

11 17.6 N/A EPS for 
syncope

120 66 64 Female 55 Yes Yes Yes 8.4

12 1.8 NICMO EPS and CRT 180 - 71 Female 20 No Yes No

13 16.8 NICMO EPS for NSVT 160 40 72 Female 35 No No No

14 16.3 ICMO CRT 140 - 58 Male 35 No Yes No

Figure 2:

Time Course to Development of Complete Heart Block. 
This graphical representation depicts the probability of 
developing heart block over time expressed in years. 
Abbreviations are the same as Table 1.
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Table 3:
Clinical features. The baseline clinical characteristics of those 
that developed CHB and those with preserved atrioventricular 
conduction.

 Intact AV Conduction CHB

Age (years) 71 (62.3 - 75.8) 67 (63.8 - 77.3)

Gender (female) 3 (37.5%) 3 (50%)

Congestive Heart Failure 8 (100%) 2 (33.3%)

Syncope 3 (37.5%) 2 (33.3%)

CIED 7 (87.5%) 6 (100%)

QRS (ms) 150 (140 - 166) 147 (141 – 158)

HV (ms) 50 (40 - 75) 70 (54 - 87.5)

Ejection Fraction (%) 25 (15 - 35) 48 (33.75 - 55)

Follow-up (years) 9.2 (3.6 - 15.8) 14 (13.4 - 16.4)
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Introduction
Liraglutide, a glucagon-like peptide 1 receptor (GLP-1) agonist 

that has been widely used for treatment of diabetes mellitus type 2, 
has also been associated with reduced risk for cardiovascular events in 
addition to lowering systolic blood pressure in patients with diabetes 
1. However, increased heart rate and reduced heart rate variability 
have been associated with liraglutide in patients with coronary artery 
disease and diabetes 2. However, there is no knowledge of the effect of 
liraglutide on atrial fibrillation (AF) patients. In this study, we examined 
the effect of liraglutide in the AF patient population.

Materials and Methods
Patient database 

TriNetX (Cambridge, MA) is a global health research network that 
contains aggregate de-identified data with access to electronic medical 
records from 53 anonymous health care organizations in the United 
States and throughout the world with approximately 63,500,569 
patients greater than or equal to 18 years old as of November 13, 2021. It 
is compliant with the Health Insurance Portability and Accountability 
Act (HIPAA) and the US federal law, which protects the privacy and 
security of healthcare data.

Study Design
This is a retrospective observational study.We reviewed aggregate 

de-identified data via the TriNetX Research Network. Inclusion 
criteria was: (1) patients having been diagnosed with AF using ICD-
10 codes (I48.91, I48.0, I48.2, I48.1, I48.20, I48.19, I48.21, I48.11, 
I48.9, I48.21, I48.11), (2) AF diagnosis present for at least one 
month, and (3) patients being 18 years or older.For the liraglutide 
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Abstract
Background: Liraglutide, a glucagon-like peptide 1 receptor agonist (GLP-1) utilized for management of type2 diabetes mellitus, has 

been associated with reduced risk of cardiovascular events. However, it is also associated with increased heart rate and reduced heart rate 
variability. In this study, we investigate the effect of liraglutide in patients with atrial fibrillation (AF). 

Materials and Methods: We conducted a retrospective study with the TriNetX global research network. AF patients were identified via ICD 
codes that were present for at least one month. Patients on liraglutide were identified as having the medication for at least one month. 
AF patients on liraglutide were propensity matched to those not on liraglutide from January 1, 2016 through November 13, 2021 based 
on age, race, ethnicity, cardiovascular comorbidities, valvular disease, pulmonary disease, urinary disease, cardiovascular procedures, and 
cardiovascular medications. Primary outcomeswereall-cause mortality, ischemic stroke, hemorrhagic stroke, acute heart failure episode, 
and acute coronary syndrome episode. 

Results: 16,214 AF patients on liraglutide were propensity score matched to AF patients not on liraglutide. They were matched for 
demographics, cardiovascular procedures, cardiovascular medications, hypertension, diabetes, heart failure, ischemic heart disease, and 
diabetic medications. AF patients on liraglutide were found to have a significantly lower risk of all-cause mortality (HR 0.67, 95% CI 0.631 
– 0.711, p < 0.001). There was a tendency toward lower risk of stroke, acute heart failure, and acute coronary syndrome but was not 
statistically significant. 

Conclusion: Liraglutide is associated with lower risk of all-cause mortality in AF patients. These findings are limited due to the retrospective 
nature of the study. Further examination is neededof liraglutide effect on mortality in AF patients. 
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cohort, we included (4) patients on liraglutide and (5) that these 
patients were on liraglutide for at least monthfrom January 1, 2016 
through November 13, 2021. Outcomes were based on ICD codes 
and Common Procedure Coding System (CPT) codes that occurred 
at least one month after the diagnosis of AF with liraglutide or AF 
without liraglutide. Outcomes included ischemic stroke (I63, I63.50, 
G46.4, G46.3, I63.40, I63.239, I63.30, I63.139, I66.09, I63.139, 
I66.09, I63.59, I63.22, I63.219, I63.019, I63.20), hemorrhagic 
stroke (I61), acute heart failure (I50.21, I50.31, I50.811, I50.23, 
I50.33, I50.43, I50.41, I50.813), and acute coronary syndrome 
including unstable angina, non-ST elevation myocardial infarction, 
and ST elevation myocardial infarction (I20.0, I21.3, I21.1, I21.0, 
I21.19, I21.09, I21.2, I21.29, I21.11, I21.02, I21.21, I21.01, I21, 
I21.4, I25.110, I25.710, I25.700, I25.720, I25.790, I25.750, I25.760, 
I25.730).

Data Collection
TriNetX was accessed on November 13, 2021, and an anonymous 

data set from January 1, 2016, to November 13, 2021, was obtained. 
Liraglutide cohort consisted of all patients greater than or equal to 18 
years old with the diagnosis of AF, based on ICD codes above, and on 
liraglutide for at least 30 days. The control cohort was composed of all 
patients greater than or equal to 18 years old with the diagnosis of AF 
and not on liraglutide. 48 participating health-care organizations had 
data available for this patient population. Afterwards, propensity-
scored matching was conducted and outcomes were collected.

Statistical analysis
Statistical analysis was conducted via TriNetX. Categorical 

variables were compared using chi-square tests while continuous 
variables were compared utilizing independent sample t-tests. A 
1:1 propensity-scored matching was then conducted with logistic 
regression and controlled for age, gender, race, ethnicity, hypertensive 
heart disease, diabetes, metabolic diseases, overweight and obesity, 
genitourinary disease, respiratory disease, atrial fibrillation, ischemic 
heart disease, neoplasms, heart failure, vascular disease, cerebrovascular 

Figure 1: Kaplan-Meier Survival Curve for Atrial Fibrillation Patients On and Not On Liraglutide

Purple = Atrial Fibrillation patients on Liraglutide  
Green = Atrial Fibrillation patients not on Liraglutide 

disease, rheumatic valvular disease, nonrheumatic valvular disease, 
cardiovascular procedures, cardiovascular medications, and blood 
glucose lowering medications.

Cox proportioned hazards ratio with 95% confidence intervals (CI) 
for incidence of all-cause mortality, ischemic stroke, hemorrhagic 
stroke, acute heart failure episode, and acute coronary syndrome 
episode were generated after propensity score matching. Kaplan-
Meier analysis was conducted to estimate all-cause mortality. 
Statistical significance was set at p < 0.05. 

Results
A total of 16,285 AF patients were on liraglutide and 1,557,935 

AF patients were not on liraglutide as of November 13, 2021. After 
propensity score matching, both cohorts had a size of 16,214 patients 
and their general characteristics can be seen in Table 1. 

AF patients on liraglutide were found to have a lower risk of all-cause 
mortality when compared to AF patients not on liraglutide (HR 0.67, 
95% CI 0.631 - 0.711, p < 0.001). This was further supported with 
Kaplan-Meier analysis and log-rank test seen in Figure 1. It was found 
that survival probability was higher in patients with AF and liraglutide 
(66% vs. 63.5%, p < 0.001). There also appeared to be a lower risk for 
ischemic stroke, hemorrhagic stroke, acute heart failure episode, and 
acute coronary episode, although it did not reach statistical significance 
(Table 2). 

Discussion 
   Our findings suggest that use of liraglutide in AF patients was 
associated with lower risk of all-cause mortality after controlling for 
comorbidities, cardiovascular medications, diabetic medications, and 
cardiovascular procedures. With liraglutide, there was a trend towards 
lower risk of ischemic stroke, hemorrhagic stroke, acute heart failure 
episode, and acute coronary syndrome episode in these patients, but 
did not reach statistical significance. 
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syndrome, worsening heart failure, and atrial fibrillation 4. There have 
been reports of increased heart rate with liraglutide possibly due to a 
direct effect on the sinoatrial node 5,6. 

    Furthermore, pooled data analysis of multiple trialsdemonstrated that 
in diabetic patients, GLP-1 agonists were not associated with increased 
incidence of atrial fibrillation when compared to placebo 7. In addition, 
a meta-analysis of 34 trials found that GLP-1receptor agonists did not 
increase the risk of atrial fibrillation 8. Currently, there have been no 
studies examining the effect of liraglutide or GLP-1 agonists in atrial 
fibrillation patients and their outcomes. 

    Our study provides large retrospective data on the effect of liraglutide 
on AF patients and found that liraglutide use is associated with lower 

    Liraglutide is one of the GLP-1 receptor agonists that has been 
utilized for treatment of diabetes mellitus and associated with a 
reduced risk of major cardiovascular outcomes. In the LEADER trial, 
diabetic patients with increased cardiovascular risk were randomized 
to liraglutide or placebo and were found to have significantly lower 
cardiovascular-related and all-cause mortalitywith liraglutide 1. 
However, in patients with reduced ejection fraction, the data has been 
controversial. In the FIGHTtrial there was no significant difference 
in the number of deaths or heart failure-related hospitalization in 
patients with reduced left ventricular function on the medication 3. The 
LIVE trial found that in patients with reduced left ventricular ejection 
fraction, liraglutide use was associated with no major change in LVEF, 
increased heart rate variability, and serious cardiac events including 
cardiovascular related death, ventricular tachycardia, acute coronary 

Table 1: Baseline Characteristics of the AF Patients With and Without Liraglutide Before and After Propensity-Score Matching

                Initial Populations Propensity Score Matched Populations

AF and Liraglutide
(n=16,285)

AF and no Liraglutide 
(n = 1,557,935) P-Value

AF and Liraglutide 
(n = 16,214)

AF and no Liraglutide 
(n = 16,214)      P-Value

Age (years) at Dx of AF (mean + SD) 65.4 + 10.6 71.3 + 12.8 < 0.0001 65.5 + 10.5 65 + 13.4    < 0.0001

                                                                                                                                                                Gender

Male 57.5% 56.6% 0.0202 57.5% 58.9%     0.0093

Female 45.5% 43.4% 0.0208 42.5% 41.1%     0.0087

Unknown 18.7% 26.2% < 0.0001 18.8% 18.5%     0.4757

                                                                                                                                                          Race/Ethnicity

White 78.8% 79.8% < 0.0001 78.8% 79.6%     0.1325

Black 12.6% 9.2% < 0.0001 12.6% 11.8%     0.0221 

Asian 0.7% 1.3% < 0.0001 0.7% 0.6%     0.3436

Hispanic/Latino 4.7% 2.9% < 0.0001 4.7% 4.3%     0.0960

                                                                                                                                                          Co-Morbidities

HTN 81.6% 44.2% < 0.0001 81.6% 79.9%     0.0001

Ischemic Heart Disease 48.3% 23.1% < 0.0001 48.2% 46.9%     0.0190

Heart Failure 36.8% 15.4% < 0.0001 36.8% 35.3%     0.0051 

Metabolic Diseases 78.5% 40.2% < 0.0001 78.5% 77.2%     0.0064

Nonrheumatic Mitral Valvular 
Disease

16.2% 9.1% < 0.0001 16.2% 15.3%     0.0261

Nonrheumatic Aortic Valve Disease 12.2% 7.7% < 0.0001 12.2% 11.3%     0.0113

Chronic Rheumatic Heart Disease 10.8% 5.9% < 0.0001 10.8% 9.5%     0.0002

Type 2 Diabetes Mellitus 81.2% 18.3% < 0.0001 81.1% 81.3%     0.6906

Cerebrovascular Disease 20.8% 12.1% < 0.0001 20.8% 19.8%     0.0263

Vascular Disease 27.3% 13.8% < 0.0001 27.3% 26.1%     0.0139

Renal and Genitourinary Disease 64.1% 33.0% < 0.0001 64.0% 62.7%     0.0145

Respiratory Disease 60.6% 32.5% < 0.0001 60.5% 58.9%     0.0030

Neoplasms 37.5% 22.3% < 0.0001 37.5% 37.0%     0.3643

                                                                                                                                                                 Others

Cardiovascular Procedures 68.6% 40.4% < 0.0001 68.5% 66.7%     0.0004

Cardiovascular Medications 92.7% 57.7% < 0.0001 92.7% 93.0%     0.2359

Blood Glucose Lowering Agents 89.5% 24.0% < 0.0001 89.5% 91.3%    < 0.0001

AF = Atrial Fibrillation, Dx = Diagnosis, SD = Standard Deviation, HTN = Hypertension
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limitation affected our outcome measurements. Specifically, we were 
unable to determine a mean duration of follow-up for patients when 
looking at outcomes including all-cause mortality due to the aggregate 
data. In a likewise fashion, we were limited on following liraglutide 
medication adherence. We were only able to control for the factor 
that patients were on liraglutide for at least one month but not able to 
examine how long they were on liraglutide. 
  
    In addition, the TriNetX data platform provided the aggregate 
data and statistical analysis. This limited our abilities to utilize other 
analytical methods. This also limited us to be able to conduct subgroup 
studies with the same data. For example, we would not be able to 
examine patients based on duration of being on liraglutide. 

    Lastly, we were unable to control for social factors. Liraglutide 
may not be as accessible for patients with lower socioeconomic status 
which may introduce a potential bias. Despite these limitations, this 
study provides a new potential benefit of liraglutide in AF patients 
by reducing mortality, as prospective trials on this cohort are lacking. 
 
Conclusions

In 16,214 atrial fibrillation patients, use of liraglutide was associated 
with lower risk of all-cause mortality. Further studies should be 
conducted to provide additional evidence for the benefit of liraglutide 
in patients with atrial fibrillation.
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mortality risk (HR 0.67, 95% CI 0.631 – 0.711, p < 0.001).  Due to the 
limitation of the database, the study is not able to provide specific data 
on the etiology of death for these patients. However, in previous studies, 
it was found in the LEADER Trial that liraglutide was associated with 
lower rates of death from cardiovascular causes, all-cause death, as well 
as death from renal disease, neoplasms, and pancreatitis 1. The patient 
population in this study did have a presence of metabolic disease and 
renal disease which may provide a possible explanation for the overall 
lower death risk, as liraglutide has been beneficial for patients with 
these co-morbidities. 

    The mechanism of GLP-1 agonist benefits on atrial fibrillationis 
still not fully understood. AF is associated with abnormalities in 
intracellular calcium (Ca2+) homeostasis. Promotion of arrhythmia 
occurs due to down-regulation of L-type Ca2+current during the 
high atrial rate that results in decreasing the inward Ca2+current and 
action potential shortening. In addition, rapid atrial pacing decreases 
the sodium (Na+) current (INa) and promotes AF by decreasing the 
conduction velocity 9. 

   GLP-1 regulates arrhythmogenesis through its effect on the 
intracellular Ca2+ handling in the cardiomyocytes. Huang et al. showed 
that GLP-1 increased the Ca2+ transient and sarcoplasmic reticular 
Ca2+ contents and decreased the phosphorylation of the ryanodine 
receptor 10. A study of canine AF models demonstrated that electrical 
remodeling ofthe atria might be modified by the administration 
of liraglutide which suppressed atrial fibrillation inducibility and 
conduction velocity 11.  

    Furthermore, in another study of a canine AF model, hyper-oxidative 
stress caused an inflammatory process that promoted interstitial 
proliferation and fibrosis, resulting in atrial structural remodeling and 
formation of an arrhythmogenic substrate 12. Liraglutide has been 
shown to have an anti-oxidative effect 13. 

    This may contribute to the decreased mortality associated with these 
patients due to decreased burden of AF. Further studies are needed to 
examine the mechanism of liraglutide’s possible protective effect on 
atrial fibrillation patients.

There are several limitations to this study. First, these results are 
based on aggregate data of ICD and CPT codes. We attempted to 
address these issues by utilizing time constraints to ensure patients 
had diagnoses and medications for at least one month. Similarly, this 

Table 2: Outcomes of AF Patients With and Without
Liraglutide After Propensity-Score Matching

HR 95% CI P-Value

Ischemic Stroke 0.951 0.727 – 1.245 0.9437

Hemorrhagic Stroke 0.944 0.73 – 1.221 0.4496

Acute Heart Failure Episode 0.930 0.865 – 1.001 0.2276

Acute Coronary Syndrome 0.976 0.884 – 1.079 0.3378

All-Cause Mortality 0.670 0.631 – 0.711 < 0.001

HR = Hazards Ratio, CI = Confidence Interval
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Introduction
Atrioventricular (AV) node (AVN) ablation combined with 

pacemaker implantation is a well-established, effective treatment 
strategy usually offered to patients with symptomatic AF with rapid 
ventricular response (RVR) refractory to medical therapy. Patients in 
this category are considered nonresponsive to (or cannot tolerate) AVN 
blocking agents, are of an advanced age or present with significant 
comorbidities, and are not considered candidates for invasive curative 
procedures such as catheter or surgical ablative therapies.1 It has been 

previously shown to help improve patients’ quality of life. Moreover, 
a recent trial has shown that in selected patients, AVN ablation and 
cardiac resynchronization for patients with permanent atrial fibrillation 
is associated with mortality benefit.2.3,4

Traditionally, AVN ablation is accomplished percutaneously via 
the femoral vein approach which requires addition need for sterile 
preparation of a separate anatomical area, complications associated 
with femoral vein access and need for extended post procedure bed rest. 
More recently the alternative method of ablating the AV node through 
the superior approach has been shown to facilitate the performance 
of these two procedures in a more efficient manner.5 However, it is 
unclear whether such an approach can be safely and efficiently applied 
to patients with CRT implant through left bundle branch area (LBBA) 
pacing since the left ventricular (LV) pacing lead will be closer to the 
AV node region. 
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Abstract
Background: In this study, we sought to evaluate whether concomitant AV node ablation through the same venous access can be safely 

performed during cardiac resynchronization therapy (CRT) device implant using the left bundle branch area (LBBA) pacing technique and 
compared the acute procedural outcomes to those using the conventional approach. 

Methods: Ten consecutive patients with systolic heart failure and atrial fibrillation (AF) with uncontrolled ventricular rates underwent CRT 
through LBBA pacing. AV node ablation was performed through the left axillary vein after implantation of the RV lead, before LBBA pacing 
lead implant. The LBBA pacing lead was subsequently implanted and connected to the new CRT device. The acute outcomes were compared 
to the last 10 conventional CRT procedures followed by AV node ablation through the femoral vein. 

Results: LBBA pacing and AV node ablation through the left axillary vein was successful in all patients. The total procedure time was 
124+/-17min in the conventional group and 81+/-24 min in the study group (p<0.01). The  QRS duration was shorter (114+/-10ms vs 134+/-
12ms, p<0.01) and the left ventricular pacing threshold was lower in the LBBA pacing group (0.64±0.26 vs 1.9±1.3 v, p=0.02). No major 
complications were noticed in either group. 

Conclusion: Concomitant AV node ablation through the left axillary approach during CRT implantation using LBBA pacing is safe, feasible 
and resulted in a shorter QRS duration, reduced LV pacing threshold and marked reduction in the total procedure time compared to the 
conventional approach of CS pacing with AV node ablation through the femoral vein. 
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Methods
Study group

Ten consecutive patients who presented to the Ascension Borgess 
Hospital EP laboratory for concomitant CRT and AV node ablation 
due to persistent atrial fibrillation with heart failure symptoms, LV 
dysfunction and rapid ventricular response refractory to AV nodal 
blocking agents were enrolled in this study (Table 1).  In this group, 
CRT was achieved through LBBA pacing and AV node ablation 
was attempted through a superior approach from the same venous 
access. For the control group, we evaluated the 10 consecutive patients 
who underwent traditional CRT through coronary sinus pacing and 
subsequent AVN ablation through the right femoral approach, prior 
to adopting the superior approach. The study was reviewed by the 
Institutional Committee on Human Research at the Borgess Medical 
Center and was granted exempt status. 

The patients in the study group were brought to the EP laboratory 
and underwent standard left precordial preparation and draping.  
The venous access was obtained by left axillary vein puncture guided 
by fluoroscopy.  The right ventricular lead was first implanted using 
standard technique in the right ventricular apex under fluoroscopy 
guidance.  After confirmation of adequate pacing and sensing 
parameters, the lead was then secured to the underlying tissue and 
connected to the CRT device (bi-ventricular pacemaker or bi-
ventricular ICD). 

A deflectable EP mapping/ablation catheter was inserted to map 
the His bundle signal and the His position was then recorded by cine 
imaging to facilitate AV node ablation and subsequent implantation 
of the LBBA pacing lead.  At this time, the CRT device was then 
programmed to VVI with a lower rate of 40 for backup pacing and the 
ablation catheter was inserted to ablate the AV node. A standard CS 
delivery sheath was used to facilitate catheter reach and to maintain 
stability, and a deflectable sheath would be used if ablation remained 
challenging with the standard CS delivery sheath.  After achieving 
adequate, stable contact with the compact AV node, ablation was then 
initiated, typically at 50W with a temperature upper limit of 65 degrees 
Celsius. After confirmation of complete heart block, the pacing rate 
typically will be changed to VVI 70 for the rest of the procedure.  

The LBBA pacing lead implantation was then performed using the 
same technique as previously reported.6 Briefly,a C315His delivery 
sheath (Medtronic, Minneapolis, MN) was advanced into the RV 
over a standard J-wire. The 3830 lead ((Medtronic, Minneapolis, MN) 
was then advanced through the delivery sheath to the right ventricular 
septum about 1cm distal to the His bundle region. Once the lead was 
pointed perpendicular to the septum, manual rotations were applied 
with forward pressure. Pacing from the 3830 lead was then performed in 
a unipolar fashion after every 1-2 rotations until the paced morphology 
demonstrated a narrow RBBB morphology indicating capture of the 
LBBA. After confirmation of adequate pacing and sensing parameters, 
the lead was then secured to the suture sleeve which was then secured 
to the underlying tissue with a non-absorbable suture. The lead was 
then connected to the LV port of theCRT device. The LBBA pacing 
was set 80ms ahead of the RV apex pacing.

In selected patients, an optional RA lead was placed if it was deemed, 
at the time of the procedure, that the patient mightconvert to and 
maintain sinus rhythm in the future. The RA lead was connected to 
the RA port of the CRT device, which would otherwise be plugged 
by a pin plug if no RA lead was implanted.An example of chest x-ray 
and chest CT of a patient who underwent CRT implant with LBBA 
pacing was shown in figure 1. ECGs before and after AV node ablation 
in the same patient were shown in figure 2. 

Figure 1:

An example of CRT pacemaker implant through LBBA pacing. 
1A: chest x-ray showing the position of the right atrial, right 
ventricular and LBBA pacing leads. Position of the LBBA pacing 
lead was marked by the yellow arrow. 1B: A chest CT post-
procedure demonstrated the deep septal location of the LBBA 
lead, right beneath the left ventricular endocardium. 

Table 1: Baseline Characteristics of the study and control groups.
NS: Non-Significant
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Control group
The 10 patients in the control group underwent similar preparation 

except conventional coronary sinus lead implantation was performed 
for LV pacing (Table 1). After completion of CRT implant, patients’ 
right femoral sites were prepared, and patients were re-draped in a 
sterile fashion. AV node ablation was then performed using standard 
technique under fluoroscopy guidance. An example of chest x-ray and 
chest CT of a patient who underwent CRT pacemaker implant with 
coronary sinus pacing was shown in figure 3. ECGs before and after 
AV node ablation in the same patient were shown in figure 4.

Patients who were anticoagulated with warfarin had their 
international normalized ratio (INR) targeted around 2.0. For those 
taking direct oral anticoagulants (DOACs), one dose of rivaroxaban or 
two doses of dabigatran or apixaban were hold before the procedure. 
For high-risk patients such as those with a prior history of stroke, high 
CHA2DS2-VASc (3 or greater), or mechanical valve, uninterrupted 
anticoagulation was recommended if they were on warfarin (target 
INR 2–3), or only the morning dose on the procedure day was held if 
DOACs were used.

The total procedure time was defined as the time from Lidocaine 
injection to the time when patient was undraped at the completion of 
the procedure. The student’s t-test was used to analyze the statistical 
difference in different parameters between the study and control groups. 
A P-value of 0.05 or less was defined as statistically significant. All data 
were expressed as mean ± standard deviation. 

Results
CRT with LBBA pacing and AVN ablation through the left axillary 

vein was successfully performed for all the 10 patients in the study 
group. No significant difference was identified between the study and 
control groups in baseline characteristics (Table 1). 

 Compared to the conventional approach, there was marked 

shortening of the total procedure time, from 124+/-17min to 81+/-24 
min (p<0.01), in the new method group. 

The total fluoroscope time was 11.6±5 min in the LBBA group vs 
19.1±8min in the CS group (p=0.05). LBBA resulted in a significantly 
shorter QRS duration (114±10ms vs 134±12ms, p<0.01). The left 
ventricular pacing threshold was also significantly lower in the LBBA 
group versus the CS group (0.64±0.26 versus 1.9±1.3 volt, measured 
at an average of 0.5ms pulse width, p=0.02). 

No significant complications such as clinically significant bleeding, 
hematoma requiring additional procedures, acute or late lead 
dislodgement, cardiac effusion/tamponade, pocket infection, stroke or 
pneumothorax, occurred in any of the study participants. Patients in the 
new method group had no restrictions on lower extremity movement 
post procedure and were able to resume sitting up position as soon 
as they recover from anesthesia.  All 10 patients in the study group 
undergoing AVN ablation from a superior approach were ultimately 
discharged complication-free and without (right- or leftventricular) 
lead dislodgement.

Discussion
LBBA pacing has recently emerged as a promising alternative of 

conduction systempacing, not only for patients needing CRTbut 
also for those with conventional pacing indications.1,7,8 Compared to 
conventional CRT with CS pacing and other modalities of conduction 
system pacing such as His bundle pacing, LBBA pacing has the 
potential advantages of stable lead position, better pacing threshold 
and sensing.9 These characteristics are especially important for patients 
who are dependent on long-term pacing, such as those undergoing 
AVN ablation.10

AVN ablation using the axillary vein has been recently studied 
and appears to have multiple inherent advantages compared to the 
conventional right femoral approach.5 This approach is even more 
relevant in cases involving LBBA pacing because the His bundle region 
is typically already mapped prior to LBBA lead implant and the venous 
access for AVN ablation is also already established.  The only additional 
step required is insertion of an ablation catheter (frequently over a 

Figure 2:
An example of 12-lead ECG before (2A) and after (2B) 
CRT pacemaker implant through LBBA pacing with AV 
node ablation. 

Figure 3:
An example of post-procedure chest x-ray demonstrating 
a conventional CRT pacemaker implant through coronary 
sinus pacing
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Conclusion
In conclusion, our study suggests that it is safe and feasible to perform 

LBBA pacing combined with AVN ablation through the axillary vein 
access in patients with AF who require CRT and AVN ablation. 
Additional benefits observed include post-procedural patient comfort, 
reduced LV pacing threshold and reduction of the total procedure time. 

Limitations
One of the important limitations of the study is that there are 

multiple variables present in each group, making mechanistic 
comparison difficult. The other limitation is the relatively small sample 
size. Further long-term follow-up and larger scale studies are required 
to further confirm these early findings.
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Abstract
Background: Insertable cardiac monitors (ICM) are frequently used as a long-term strategy to detect atrialfibrillation/flutter(AF) in patients 

with cryptogenic stroke (CS)and transient ischemic attacks (TIA).ICM can also detect incidental non-AF arrhythmias that may lead to changes 
in clinical management. One single center study has shown that some patients with incidental arrhythmias found by ICMresulted in changes 
in clinical management. However, many patients had ICMexplanted before the end of battery life and thus studies on incidental arrhythmias 
are limited.

Objective: We sought to determine the detection rate of incidental non-AF arrhythmias with ICM monitoring among patients with CS/TIA. 
We also sought to characterize the frequency of changes in clinical management arising from these incidental arrhythmias.

Methods: All adult patients with ICM placement for CS/TIA at Rhode Island Hospital between 1/2015-1/2019 were included. Patient 
demographics, cardiac risk factors and structural features, and ICM tracings were reviewed. We calculated rates of incidental arrhythmia 
detection in person-years using survival statistics and characterized the rate of changes in clinical management as a result of these incidental 
arrhythmias. 

Results: Three hundred and twelve patients were included with a median follow-up time of 27.9 months (IQR 18.5-35.8 months). Incidental 
non-AF arrhythmias were identified in 110 patients (35.2%) with a median of 7.8 months (IQR 4.4-16.2 months), and detection occurred at 
a rate of 20.1 per 100 person-years. Twelve patients with incidental arrhythmias (10.9%) had a resultant change in management, of whom 
9 had procedural interventions and 3 had medication adjustments. Overall, the rate of clinically significant findings was 2.2 per 100 person-
years. Meanwhile, AF was detected in 51 patients (16.3%) with a median of 3.9 months (IQR 1.3-12.3 months). Eighteen patients had both 
AF and incidental arrhythmias (5.7%) with incidental arrhythmias found after AF in 8 of those patients.Early explantation occurred in 9.3% of 
patients with the most common reason being patient preference. 

Conclusion: Long-term cardiac monitoring may frequently detect incidental and actionable non-AF arrhythmias in patients with CS/TIA. 
Further studies are needed to determine optimal monitoring strategies and to determine the impact of these findings on long-term clinical 
outcomes. 

Introduction
Reliable classification of ischemic stroke etiology is a foundation 

of secondary stroke prevention, but approximately 15-40% of cases 
remain classified as cryptogenic stroke (CS).1The designation of CS 
is assigned according to TOAST criteria if comprehensive diagnostic 
testing is otherwise unrevealing, and this category is further delineated 
to include embolic stroke of unknown source (ESUS) when there is 
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high suspicion for an underlying embolic cause. Although frequently 
undiagnosed, the prevalence of cardiac disease is 10-30% in those with 
CS.2 Cardiac monitoring is therefore critically necessary to identify 
atrial fibrillation/flutter (AF) that increase the risk of thromboembolic 
events arising from an intracardiac source.

AF can be paroxysmal and therefore missed by a short-term external 
cardiac event monitor. As a result, longer-term insertable cardiac 
monitors (ICM) have recently been used with increasing frequency 
for improved arrhythmia detection and monitoring. An ICM is a 
device a few inches in length with a battery life of around 3 years that is 
implanted subcutaneously in the left pectoral region.3,4An ICM stores 
events when it is triggered automatically by programmed criteria or 
by the patient experienced symptoms.4CRYSTAL AF demonstrated 
that ICM implantation increases the detection rate of AF compared to 
conventional monitoring.5 These findings make the ICM an important 
diagnostic tool for AF. Bettin et al. showed that 8.7% of their 173 
CS patients had other clinically significant arrhythmias such as sinus 
pauses and atrial-ventricular nodal reentry tachycardias (AVNRT) 
detected during the course of ICM monitoring. Thirteen patients 
(7.5%) required pacemaker insertion and 2 patients required catheter 
ablation due to these incidental findings. Unfortunately, 64% of the 
patients in that study had a reason for ICM explantation before the 
end of battery life and overall data on the rate of non-AF arrhythmia 
detection using ICM is limited.6Although it has been studied that 
AF incidence detected by ICM plateaus after 2 year,7 we sought to 
determine the utility of additional monitoring.We sought to determine 
the detection rate of incidental arrhythmias with ICM monitoring 
among patients with CS/TIA. We also sought to characterize the 
rate of changes in clinical management arising from the incidental 
arrhythmias.
Methods

This is a single-center retrospective observational study approved 
by the Rhode Island Hospital Institutional Review Boardwith ID 
number 1500869-3. There was no greater than minimal risk to the 
study subjects and waiver of informed consent was obtained. All shared 
data were de-identified. We studied patients admitted to Rhode Island 

Hospital, a Comprehensive Stroke Center in Providence, Rhode Island. 
Consecutive adult patients with either CS orTIA who had Medtronic 
LINQ cardiac monitors implanted between January 1st 2015 and 
January 1st of 2019 were included. These patients were determined to 
have CS/TIA by vascular neurologists and referred to cardiology for 
cardiac monitoring. As part of our institutional practice, patients were 
first discharged with a 30-day cardiac monitor that auto triggers for: 
bradycardia (≤50 bpm), tachycardia (≥150 bpm), pauses ≥ 3 seconds, 
and atrial fibrillation/flutter with recordings 1 minute pre and 1 minute 
post. If no atrial fibrillation/flutter were identified, they were referred 
for ICM outpatient. Vulnerable populations such as prisoners and 
pregnant patients were excluded. 

 
Patient information was retrospectively abstracted from the 

institutional electronic medical record, including demographics (age 
at ICM implant, sex, race, and BMI), cardiovascular risk factors (history 
of diabetes, smoking, hypertension, chronic kidney disease, chronic 
obstructive pulmonary disease, obstructive sleep apnea, hyperlipidemia, Figure 1: Number of patients enrolled and percentage of patients with AF 

and incidental arrhythmias

Table 1: Baseline Characteristics

CHARACTERISTICS TOTAL (N = 312)

Mean Age at implant (years)
   Range (years)

64.7
   26.0 – 94.0

Sex (%)
   Female
   Male 

163 (52.2)
149 (47.8)

Race (%)
   Asian
   Black
   Hispanic/Latino
   White
   Other
   Not available

5 (1.6)
17 (5.4)
36 (11.5)
249 (79.8)
2 (0.6)
3 (1.0)

BMI (mean)
   Range

29.1
   17.4 – 44.1 

  Risk factors N (%)
   Coronary artery disease
   Hypertension
   Hyperlipidemia
   Diabetes mellitus (Type 1 or 2)
   Chronic kidney disease
   Hypothyroidism
   Hyperthyroidism
   Obstructive sleep apnea
   Chronic obstructive pulmonary disease
   Smoking
   Vascular disease

76 (24.4)
222 (71.2)
204 (65.4)
95 (30.4)
28 (9.0)
32 (10.3)
3 (1.0)
44 (14.1)
33 (10.6)
46 (14.7)
21 (6.7)

Cardiac abnormalities N (%)
   Myocardial infarction
   Valvular disease
   Heart failure 
   Pulmonary embolism w/o right heart strain
   Pulmonary embolism w/ right heart strain
   Congenital heart disease/PFO

17 (5.5)
20 (6.4)
45 (14.5)
6 (1.9)
0 (0.0) 
37 (11.6)

EKG characteristics (mean)
   PR interval (msec)
      Range (msec)
   QTc (msec)
      Range (msec)

171.9 
   112.0 – 336.0 
434.9
   368.0 – 519.0

SD: standard deviation, TIA: transient ischemic attack, CVA: cerebrovascular accident 
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coronary artery disease, vascular disease, hypo- or hyperthyroidism), 
and history of cardiac disease (myocardial infarction, pulmonary 
embolism, structural/congenital abnormalities, heart failure). We also 
collected relevant electrocardiogram (EKG) data (PR interval and QTc 
length), ICM data (date of implant/explant, reason for explant, date of 
AF/arrhythmia detection), and any changes in clinical management as 
a result of ICM tracings.

AF is defined as any positive AF event logged in the ICM. ICM 
settings at Rhode Island Hospital for CS/TIA were balanced for AF 
detection threshold, aggressive for ectopy rejection, and all for episode 
storage threshold. Because Medtronic uses Lorenz plot to automatically 
categorize AF/atrial tachycardia (AT) episodes within a 2-minute 
period, there is no specific time limit we set for AF detection. But for 
an AF episode to be considered, it must be > 30 seconds. We defined 
incidental arrhythmias as any abnormal rhythm other than AF including 
but not limited to: non-sustained ventricular tachycardia (ventricular 
tachycardia that is >100 bpm and <30 seconds), ventricular tachycardia 
(> 30 seconds), supraventricular tachycardia (> 100 bmp with similar 
QRS morphology as baseline rhythm), sinus pause (pause > 3 seconds), 
bradycardia (<40 bmp), and AV block (heart block more significant 

than Mobitz Type 1). All available electrograms were adjudicated by 
an attending from the electrophysiology department around the time 
of remote or in-person check to ensure premature atrial contractions/
ectopies were not incorrectly categorized as AF before the final reports 
were made available. The final reports were used for the study. However, 
the data were not re-adjudicated for this retrospective study.Clinically 
significant findings are incidental arrhythmias that resulted in a change 
in medical or procedural management. Intervention for incidental 
arrhythmias is proceeded at the discretion of theelectrophysiologist. 
Early explantation is defined as removal of ICM before three years, 
which is the typical battery life indicated by the manufacturer.

 
Our primary outcomes were the rate of occurrence of incidental 

arrhythmias on ICM and the rate of clinically significant arrhythmias. 
Secondary outcomes include median length of monitoring prior to 
detection of AF, median length of monitoring prior to detection 
of incidental arrhythmia, number of individuals with both AF 
and incidental arrhythmias, number of individuals with incidental 
arrhythmias detected after AF, number of clinically significant 
arrhythmias after AF was identified, percentage of early explantation, 
reasons for early explantation, and any association between incidental 
arrhythmias and baseline patient co-morbidities/characteristics.

STATISTICAL ANALYSIS
Descriptive statistics included chi-square and t-tests for 

comparison of patient characteristics and incidental arrhythmias. 
We evaluated the rate of incidental arrhythmiasin person-years 
using survival statistics and determined association between patient 
characteristics with incidental arrhythmias using bivariable Cox 
proportional hazards models. Statistical analysis was completed with 
Stata software (version 16.1, Stata Corp, College Station, Texas).

Results
A total of 312 subjects were included in this study, with mean age 

of 64.7±13.1 years and 52.2% were males. The majority of subjects 
were white (79.8%) with a mean BMI of 29.1±5.5. Other baseline 
characteristics and EKG characteristics are summarized in Table 1. 
Baseline co-morbidities included 71.2% with hypertension, 65.4% 
with hyperlipidemia, 30.4% with either insulin-dependent or non-
dependent diabetes, 14.1% with obstructive sleep apnea, 5.5% with 

Figure 2: Events over time

Table 2: Incidental arrhythmias compared by sex and age.

INCIDENTAL 
ARRHYTHMIA

N (%) COMPARED BY SEX COMPARED BY AGE

M (n) F (n) P-value ≤ 65 yo (n) > 65 yo 
(n)

P-value

None 199 (63.8) 96 103 0.060 114 85 0.009

Non-sustained 
ventricular 
tachycardia

12 (3.8) 7 5 0.667 4 8 0.200

Sinus bradycardia 56 (17.9) 37 19 0.022 22 34 0.044

Supraventricular 
tachycardia

40 (12.8) 22 18 0.709 17 23 0.225

Sinus pause/AV-
block

32 (10.3) 22 10 0.048 12 20 0.135
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to have fewer incidental arrhythmias in general compared to those over 
the age of 65 (p = 0.009). 

Out of all patients with incidental arrhythmias, 12 had a change 
in clinical management, 9 with procedural interventions and 3 
with medication adjustments shown in Figure 1. The overall rate 
of actionable incidental findings is 2.2 per 100 person-years. One 
patient had non-sustained ventricular tachycardia that prompted a 
left heart catheterization, which found significant coronary artery 
disease and led to attempted stent placement. One patient underwent 
polysomnography for investigation of transient nocturnal heart 
block. Seven patients had pacemaker placement for symptomatic 
bradycardia or AV-block. Two patients were started on beta-blockers 
for symptomatic supraventricular tachycardia, and one patient was 
advised to increase dosage of their beta-blocker for symptomatic 
supraventricular tachycardia. Ten out of the 12 patients experienced 
symptoms correlating with their ICM findings. 

 
Atrial fibrillation was detected in 51 patients (16.3%) and median 

detection time was 3.9 months with IQR of 1.3 – 12.3 months. Eighteen 
patients (5.7%) had both AF and incidental arrhythmias, and out of 
these patients, 8 had their incidental arrhythmia diagnosed after AF. In 
these 8 patients, the median time between AF diagnosis and incidental 
arrhythmia diagnosis was 6.8 months with a standard deviation of 4.8 
months. One of the 8 patients had a clinically significant arrhythmia 
that involved pacemaker placement for complete heart block, which 
happened 3 months and 2 days after AF was identified. Figure 2 shows 
the events including AF and incidental arrhythmias over time as well 
as time to explantation. 

 
Table 3-1 shows the association of background patient characteristics 

with the risk of incidental arrhythmias. We found that older age was 
significantly associated with the detection of incidental arrhythmias 
(HR 1.91 per 2-SD increase in age with p = 0.001) and men had more 
incidental arrhythmias than women (HR = 0.65 and p = 0.03). From 
a univariate regression analysis, we see that specifically age > 85 years 
is associated with the most benefit from ICM placement as shown 
in Table 3-2.However, other patient characteristics including race, 
BMI, cardiac risk factors, other comorbidities, and EKG characteristics 
were not significant independent predictors of incidental arrhythmias. 
Hyperlipidemia was the only significant independent predictor, with 
p = 0.03, to which we attribute our small sample size.

 
Early ICM explantation occurred in 29 (9.3%) patients. The most 

common reasons included patient preference (12 patients), followed 
by diagnosis of AF and early battery depletion, amongst other reasons 
(Table 4).

Discussion 
  In this retrospective observational study we demonstrated that in 
patients with CS/TIA long term monitoring with ICM may have 
additional benefits other than detection of AF. Our study established 
that these patients have a high rate of non-AF incidental arrhythmias 
(35.3%) and clinically significant arrhythmias (3.8%) that subsequently 
required in changes in clinical management. 

  Insertable cardiac monitors have become an essential tool in the 

prior myocardial infarction, and 11.6% with congenital heart disease 
including patent foramen ovale, amongst others. We collected EKG 
characteristics including PR interval and QTc length. The median PR 
interval was 171.9 with a range of 112.0 – 336.0 and median QTc was 
434.9 with a range 368.0 – 519.0. 

 
Incidental arrhythmias were found in 110patients (35.3%) and 

median time to detection was 7.3 months with inter-quartile range 
(IQR) of 3.9 to 15.7 months. This yielded an overall rate of 20.1per 
100 person-years. These incidental arrhythmias include 12 (3.8%) 
patients with non-sustained ventricular tachycardia, 56 (17.9%) with 
sinus bradycardia, 40 (12.8%) with supraventricular tachycardia, and 32 
(10.3%) with AV-block as summarized in Table 2. Sinus bradycardia 
and AV-block were found more commonly in men (p=0.022 and 0.048, 
respectively) and sinus bradycardia was found more commonly in those 
over 65 years of age (p = 0.044). Those aged 65 or younger were found 

Table 3-1:
Association of background characteristics with risk of incidental 
arrhythmias

CHARACTERISTICS HR P-value 95% CI

Demographics
   Age at implant (per 2SD)
Sex (M/F)
   Race other than white (vs. white)
   BMI (per 2SD) 

1.92
0.66
0.79
0.75

0.001
0.03
0.34
0.14

1.30 – 2.85
 0.45 – 0.96
0.49 – 1.28
0.51 – 1.10

Risk factors
   Coronary artery disease
   Hypertension
   Hyperlipidemia
   Diabetes mellitus (Type 1 or 2)
   Chronic kidney disease
   Hypothyroidism
   Hyperthyroidism
   Obstructive sleep apnea
   Chronic obstructive pulmonary disease
   Smoking
   Vascular disease

1.48
1.29
0.64
0.86
1.69
0.87
0.69
1.21
0.99
1.01
1.22

0.06
0.25
0.02
0.49
0.08
0.65
0.71
0.47
0.97
0.96
0.56

0.99 – 2.21
0.83 – 1.99
0.44 – 0.94
0.57 – 1.30
0.95 – 3.03
0.46 – 1.62
0.10 – 4.92
0.72 – 2.03
0.53 – 1.85
0.60 – 1.70
0.62 – 2.42

Cardiac abnormalities
   Myocardial infarction
   Valvular disease
   Heart failure 
   Pulmonary embolism w/o right heart strain
   Congenital heart disease/PFO

1.00
0.99
0.97
0.81
1.35

> 0.99
0.98
0.90
0.77
0.27

0.44 – 2.29
0.43 – 2.25
0.57 – 1.65
0.20 – 3.28
0.79 – 2.29

EKG characteristics
   PR interval (per 2SD)
   QTc (per 2SD)

1.22
1.53

0.28
0.08

0.85 – 1.75
0.95 – 2.45

Table 3-2: Association of background characteristic with risk of incidental 
arrhythmias: Breaking down the effect of age

Age at implant (years) N HR P-value 95% CI

< 60 113 0.60 0.12 0.32 – 1.15

60-64 40 1.00 Ref

65-69 40 1.40 0.34 0.70 – 2.79

70-74 42 0.66 0.31 0.30 – 1.46

75-79 30 1.79 0.11 0.87 – 3.67

80-84 27 1.30 0.51 0.59 – 2.87

>85 19 2.32 0.04 1.05 – 5.11
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of the ICM. Sinus bradycardia as a clinically relevant arrhythmia was 
included in our study, but it was unclear whether it was included in 
Bettin’s study, which could have contributed to a higher percentage 
of incidental arrhythmias in our study, but with less meaningful 
interventions. 

  Potentially owing to our larger sample size, we found a statistically 
significant association between older age and the number of incidental 
arrhythmias, which had not been previously described (p=0.001) and we 
believe to be a more accurate relationship. Those age > 85 years benefited 
most from ICM placement. One study has found sinus bradycardia and 
AV-block to be more common in males, which was attributed to levelof 
physical activity, body habitus, or even the intrinsic electrophysiological 
properties of the sinus node and autonomic nervous system.11-13Sinus 
bradycardia was also more common in those over the age of 65 in our 
study likely associated with sick sinus syndrome in the elderly, which 
is often asymptomatic.14Otherwise, our results were consistent with 
Bettin et al. in finding that there were no significant differences in other 
baseline characteristics and cardiovascular co-morbidities in those 
with and without incidental arrhythmias. Additionally, we did not find 
any correlation between increasing PR intervals and QTc length with 
incidental arrhythmias. This is likely because we are combining various 
types of incidental arrhythmias as one entity rather than evaluating 
one specific arrhythmia, since prolonged PR interval is known to be 
associated with AF.15

 
   ICMs have a battery life of about 3 years per manufacturer. Bettin et 
al. showed a high percentage of their patients had their ICM explanted 
before the end of battery life for various reasons, but primarily due 
to patient preference.6 In our study, we had a much lower rate of 
explantation at 9.3% with the primary reason again being patient 
preference. Having a longer median follow-up period and a lower 
rate of early explantation allowed us to monitor for more incidental 
arrhythmias over a longer period of time. As described by Bettin et al., 
many incidental arrhythmias are discovered after AF.6 Our study again 
showed that the median time of diagnosis for AF was 3.9 months, while 
for incidental findings it was 7.3 months. However, for those who had 
both AF and incidental arrhythmias in our study, only 8 had incidental 
arrhythmias discovered after AF and only 1 of those patients had a 
clinically significant arrhythmia. This may be simply due to variation 
of patient population. Our results are overall consistent with Bettin 
in that clinically significant arrhythmias can be observed after the 
detection of AF. 
 
   We expected that a number of CS/TIA patients with ICM will have 
clinically significant arrhythmias recorded other than AF. Overall, 
we found that the rate of incidental arrhythmias on ICM is 20.1 per 
100 person-years, while the rate of clinically significant arrhythmias 
is 2.2 per 100 person-years. This information can be used to make 
recommendations to patients to keep their ICMs implanted despite 
a patient preference to have it explanted before the end of battery life. 
There are currently not enough studies to recommend a definitive 
length of time for ICMmaintenance, but because the risk of ICM 
implantation and maintenance is low, the benefit of maintaining it 
until battery depletion likely outweighs the risk.
  

detection of atrial fibrillation in patients with cryptogenic stroke. 
As demonstrated by XPECT, ICM allows for high sensitivity while 
looking for paroxysmal AF, having an overall accuracy for detecting 
AF of 98.5%.8 The acute procedural success of the implantation is 
high and the overall complication rate is low 1.6-2.4%.5,9ICM is well 
established to be accurate at detecting AF and is overall safe with low 
complication rates.

  CRYSTAL AF showed that there is a significantly higher detection 
rate of AF in patients with CS who have an ICM compared to 
conventional follow-up.5Other recent study also found that ICM was 
independently associated with an increased likelihood of AF detection 
in CS during follow-up. Patients receiving ICM were found to have 
significantly higher rates of anticoagulation initiation and lower risk 
of stroke recurrence.10Based on the results of CRYSTAL AF, the 2019 
ACC/AHA/HRS give a IIa recommendation for ICM implantation 
in patients with cryptogenic stroke in whom external monitoring is 
inconclusive. In CRYSTAL-AF, the detection rate for AF was about 
20% at the 24-month mark, which was similar in our study with a 16% 
detection rate at the 27-month median.5
 
  There are few studies that describe the incidental arrhythmias 
detected in CS patients on ICM other than AF. Bettin et al. studied 
173 patients with CS who received ICM and observed clinically 
significant non-AF arrhythmias that subsequently required procedures 
or other interventions. Fifteen (8.7%) of the subjectshad incidental 
arrhythmias including symptomatic or asymptomatic sinus arrest, 
atrial flutter, bradyarrhythmia, and AVNRT. Thirteen (7.5%) of these 
subjects required pacemaker placement for symptomatic sinus arrest 
or sinus bradyarrhythmia and 2 (1.2%) patients received successful 
electrophysiology studies and ablation following discovery of atrial 
flutter and AVNRT. Four of these patients with resultant change in 
clinical management had incidental arrhythmia detected after AF. 
Unfortunately, the study population was relatively small at 173 subjects 
and early explantation rate was high.6 In our study, we aimed to confirm 
and expand uponBettin’s study with a larger patient population of 312 
with improved retention of device. We found a much larger percentage 
of patients at 35.3% with incidental arrhythmias but only 3.8% with 
resultant change in clinical management. Only 1 patient had a clinically 
significant arrhythmia that was found after AF. Our study benefits from 
a larger sample size and better patient compliance with maintenance 

Figure 4: Reasons for early explantation

REASON FOR EXPLANTATION N (%)

Total 312 (100)

   Not yet explanted 283 (90.7)

   Diagnosis of atrial fibrillation 6 (1.9)

   Discomfort 2 (0.6)

   Patient preference 12 (3.8)

   Early battery depletion 4 (1.3)

   Others 5 (1.6)
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  For a potential future study, it would be valuable to compare the 
intracardiac electrograms from ICM with the telemetry monitoring 
while patients were admitted in the hospital. That would help us 
document how much additional information is provided by ICM 
which are frequently missed on telemetry.
 
Conclusions

This study demonstrates a large number of incidental arrhythmias on 
implantable ICMs aside from AF in patients with CS/TIA. A number 
of these findings were clinically significant, leading to pacemaker 
placement, medication adjustments, and other procedures. Given the 
low risk of ICM implantation and adverse effects associated with 
maintenance as demonstrated by multiple prospective and retrospective 
studies, we recommend keeping ICMs implanted until the end of 
battery life for patients with CS/TIA, even after AF detection.

Limitations
There are several limitations to our study. Because it was conducted 

at a single center, our study sample may have been subject to selection 
bias, and clinical management at our institution may not reflect practice 
patterns at other centers. Further, our institutional demographic may 
not be readily generalizable given a relatively low proportion of non-
white patients. Finally, as a retrospective study, there was a lack of 
prospective follow-up on the patients who received interventions 
or other changes in management arising from the detection of an 
incidental arrhythmia. This prevented us from assessing their clinical 
outcomes and makes it difficult to determine whether the interventions 
they received were associated with long-term benefits. These limitations 
make a large-scale multi-center prospective study necessary to further 
define optimal ICM monitoring strategies.
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Introduction
Atrial fibrillation (AFib) is the most common type of cardiac 

arrhythmia and its incidence rates are increasing1. The condition 
is associated with substantial morbidity and mortality. The most 
worrisome complications are stroke and TIA with an average increase 

in stroke risk of 4-5 fold2. Stroke resulting from afib is associated with 
worse outcomes including increased 1-year mortality and recurrence 
of stroke3, 4. The increasing incidence of afib has brought the discussion 
about management to the forefront of cardiology.

The risk of thromboembolism necessitates the use of anticoagulation. 
Oral anticoagulation with vitamin K antagonists (VKA) and 
non-vitamin K antagonist oral anticoagulants (NOACs) have 
shown a reduction in thromboembolic events in several trials. The 
CHA2DS2VASc (C: congestive heart failure, H: Hypertension, A: 
age ≥75, D: diabetes mellitus, S: stroke/TIA or thromboembolism, 

www.jafib-ep.com Volume 15 Issue 5 | Sep 2022

Abstract
Background: Atrial fibrillation is the most frequent cardiac arrhythmia affecting 15 – 20% of all ischemic strokes.In patients who are at 

high risk of this stroke, oral anticoagulation has been used as a mode of treatment. For those who are at risk of bleeding and complications 
of anticoagulation, LAAC has been proven to be equally effective as greater than 90% of the thrombi are formed in the left atrial appendage.

Objectives: The purpose of this study was to report visible peri-device leak rates identified by either transesophageal echocardiography 
or cardiac CTA at a 45-day follow-up from device implantation. The data for each device was gathered by pooling data together from the 
available studies. 

Methods: We searched PubMed, AHA, JACC, and Science Direct and article references for randomized controlled trials of patients with 
LAAC devices and the rate of leaks on45-dayfollow-ups. With clear inclusion criteria, we identified ten studies eligible for this study. We 
carried out a meta-analysis of the relative odds based on a random-effects model using the Mantel-Haenszel method for the primary outcome 
of peri-device leaks identified by either transesophageal echocardiography or cardiac CTA at 45-day follow-up from device implantation. 
Heterogeneity was assessed using the I² test, Comprehensive Meta-Analysis Version 3 software was used for analysis. Can refer to the graphs 
showing the studies used in this meta-analysis with the total number of devices and their leak rates in Table A, B, and C. 

Results: The first comparison was performed between the Watchman 2.5 VS Watchman FLX (Table 1), which favored Watchman FLX P 
value of 0.02 and RR of 5 suggesting 5 times increased risk of the leak with Watchman 2.5.  Next, Amulet was compared to Watchman 
2.5 (Table 2) which favored Amulet with a P value of 0.01 and RR of 0.5 suggesting Amulet was associated with a 50% less rate of leaks 
in comparison. The last comparison was between Amulet vs Watchman FLX (Table 3), no statistically significant difference exists between 
these 2 devices with a P value of 0.2. I² tests indicated the presence of substantial to considerable heterogeneity in all 3 comparisons. 

Conclusion: Our study found that both Amulet and Watchman FLX are superior to Watchman 2.5 in terms of Peri device leak rate of any 
size and the leak rate between Amulet and Watchman FLX is not statistically significant at 45 daysfollow-up with either TEE or CCTA. There 
was significant heterogeneity in the results because of variation in sample sizes across the studies and the difference in study methodology. 
We need more studies focusing on PDL rates to better understand its complications
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V: vascular disease, A: age 65-74, Sc: female sex) score is a scoring 
system that takes into consideration common stroke risk factors. Each 
risk factor is worth 1 point except for age ≥75 and a history of stroke/
TIA/thromboembolism which are given 2 points. Anticoagulation is 
recommended in any patient with a score of 2 or greater; however, the 
recommendation is limited by the risks associated with anticoagulation.

Warfarin was first approved by the US Food and Drug Administration 
(FDA) in 19545. While VKAs reduce the risk of thromboembolic 
events they are associated with an increased risk of bleeding including 
intracranial hemorrhage and require close monitoring to maintain 
a narrow-therapeutic window6. In the United States, Warfarin was 
considered the standard of care for stroke prevention in afib until 
the introduction of DOACs (Direct Oral Anticoagulants)7 which, 
compared to Warfarin, lead to a reduction in strokes as well as a decrease 
in intracranial bleeding; however, there was no significant difference in 
major bleeding7. Despite these relatively recent advancements, there 
continues to be an increased risk of bleeding limiting their use in 
patients at high risk of bleeding complications.  This need for alternative 
modalities for stroke prevention has led to the development of device-
based therapeutic approaches.

Left atrial appendage occlusion (LAAO) devices are implanted in the 
heart and prevent left atrial appendage (LAA) thrombus from entering 
systemic circulation by mechanically occluding the appendage8. The 
first left atrial appendage occlusion device was the Percutaneous Left 
Atrial Appendage Transcatheter Occlusion (PLAATO) system. This 
device has since been taken off the market. Current endovascular 
LAAO devices approved in the United States include the Watchman 
FLX (WMFLX) and Amulet8. Watchman 2.5 has been discontinued 
since this study was conducted. Several trials have looked to determine 
the efficacy and safety of these devices. PROTECT AF, a multi-center 
randomized clinical trial demonstrated that the Watchman device was 
non-inferior to warfarin therapy alone in preventing stroke, systemic 
embolism, and cardiovascular death9. The subsequent PREVAIL trial 
was a follow-up to PROTECT AF to assess the safety and efficacy10. 
Both PROTECT AF and the PREVAIL trial were limited to 
comparing the Watchman device to warfarin therapy. PRAGUE-17, 
a randomized non-inferiority trial, compared the LAAC devices to 
DOACs11. In the studied patient population, LAAC was non-inferior 
to DOAC in preventing cardiovascular, bleeding, and neurological 
events11.

To our knowledge, there have not been many head-to-head studies 
comparing LAAC devices. Our study aims to compare peridevice leak 
(PDL) rates among three common LAAC devices: Amulet (fig.A), 
Watchman FLX(fig.B), and Watchman 2.5 (fig.C).  

Methods
Study selection

We searched PubMed, AHA, JACC, and Science Direct “article 
reference” for randomized clinical trials (RCTs) reporting a peridevice 
leak identified by either cardiac CTA (CCTA) or transesophageal 
echocardiography (TEE) at 45-day follow-up. A total of 20 studies 
meeting our criteria were identified. 

Figure A: Amulet Amplatzer device

Figure B: Watchman FLX device

Figure C: Watchman 2.5
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Specific inclusion and exclusion criteria were established. The 
following criteria were used to select studies for inclusion: Visible 
PDL identified by TTE or CCTA at 45-day follow-up post device 
placement. Studies that had older devices were excluded from our study. 
After exclusion, a total of 10 studies were included. Studies included 
can be found in Table A, B, and C. Device type, the number of devices 

placed, and PDL rates were extracted from each study. Can refer to the 
graphs showing the studies used in this meta-analysis with the total 
number of devices and their leak rates in Table A, B, and C. 

Data analysis
Three separate comparisons were made: Watchman 2.5 vs. Watchman 

FLX, Amulet vs. Watchman 2.5, and Amulet vs. Watchman FLX. We 
carried out a meta-analysis of the relative odds based on a random-
effects model using the Mantel-Haenszel method to compare the 
primary outcome of the peridevice leak. Percentages of variability in 
effect estimates due to heterogeneity were assessed using the I² test. 
Analysis was carried out using the Comprehensive Meta-Analysis 
(CMA) software Version 3. 

Results
WATCHMAN 2.5. vs. WATCHMAN FLX (Table 1)

A total of 1044 Watchman 2.5 device placements were identified 
with a total of 389 leaks of any size identified (leak rate of 37.3%). A 
total of 729 Watchman FLX device placements were identified with 
a total of 70 leaks of any size (leak rate of 9.6%). Results favored the 
Watchman FLX with a risk ratio of 5.0 (interval: 1.2-50.5, p=0.02)  
suggesting 5 times increased risk of the leak with Watchman 2.5. The 
I² value was approximately 92% indicating considerable heterogeneity 
could potentially be present.

Amulet vs. WATCHMAN 2.5 (Table 2)
A total of 1091 Amulet device placements with a total of 364 leaks 

of any size (leak rate 33.4%) were compared to 1027 Watchman 2.5 
device placements with a total of 532 leaks of any size (leak rate 51.8%). 
The Amulet device was favored over the Watchman 2.5 in terms of the 
primary endpoint of device leak rate with a risk ratio of 0.5 (interval: 
0.3-0.9, p=0.01) suggesting Amulet was associated with a 50% less rate 
of leaks in comparison. The I² value was approximately 64% indicating 
substantial heterogeneity could potentially be present.  

Amulet vs. WATCHMAN FLX (Table 3)
A total of 1093 Amulet device placements with a total of 361 leaks 

of any size (leak rate 33.0%) were compared to 759 Watchman FLX 
device placements with a total of 70 leaks of any size (leak rate 9.2%).
Though the trend appeared to favor Watchman FLX, with a P value 
of 0.2 and RR of 2.4,  it is not statistically significant. The I² value was 
about 94% indicating considerable heterogeneity could potentially be 
present.

Discussion
The most commonly used LAAC devices are Amulet (fig.A), 

Watchman FLX (fig.B), and Watchman 2.5 (fig.C).  All three devices 
have been proven to be effective in preventing thromboembolism in 
nonvalvular atrial fibrillation; however, procedure complications, post-
procedure LAA patency, peridevice leaks (PDL), and device-related 
thrombi vary between them. Post implantation PDLs have become a 
topic of discussion and the literature is limited. The increased risk of 
thromboembolism in patients with PDLs and the limited information 
guided our decision in selecting periprocedural leak identified by either 
TEE or cardiac CTA at 45 days follow-up as our primary outcome. 
Patients with PDLs often remain on anticoagulation or undergo 

Table A: Amulet Peridevice Leak Rate

Table B: Watchman 2.5 Peridevice Leak Rate

Table C: Watchman FLX Peridevice Leak Rate
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Table 1: Data comparing Watchman 2.5 and Watchman FLX
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Table 2: Data comparing Amulet and Watchman 2.5
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Table 3: Data comparing Amulet and Watchman FLX
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and repeat imaging in 6-12 months, if the leak persists as >3mm, 
consider secondary closure methods

Recent data is suggesting that a leak of any size is of clinical 
significance. A study by Alkhouli et al. and a separate post-ad hoc 
analysis led by Dukkipati et al. found that leaks ≤ 5 mm in size were 
associated with a higher risk of the thromboembolic event15, 17. We 
aimed our meta-analysis based on the data that stroke risk is high with 
any size of the leak. 

Both Amulet IDE and SWISS APERO stated that Amulets are 
associated with intradevice leaks; whereas Watchman is associated 
with per-device or mixed leaks12, 13. We currently do not have data on 
stroke risk based on the type of leak. 

At TCT 2021, Lakkireddy et al’s presentation of the Amulet IDE 
trial at a 12-month closure follow-up, reported that leaks fluctuated 
from 45 days to 12 months18. A recent study by Afzal et al stated that 
newly identified PDL during follow-up imaging from 45 to 90 day 
period after Watchman device implantation occurred in a significant 
number of patients and is associated with a higher incidence of TIA or 
stroke, irrespective of leak size19. These 2 studies raise the concern, is a 
limited follow-up at 45 days with either TEE or CCTA sufficient to 
rule out stroke risk and stop anticoagulation or should we continue to 
follow up with a 6-month and one-year TEE in all device implanted 
patients? We currently do not have data for more than 45 days of 
follow-up, with new follow-up data from all the clinical trials, there is 
possibility of metaanalys is for 6 months, 12 months, and 5 year PDL 
rates in near future. 

A few significant factors that can contribute to complication rates or 
PDL rates are appendage anatomies and the experience of implanting 
physicians. There was no standardized protocol followed in regards to 
implanting physicians’ experience with either the Watchman devices or 
the newly approved Amulet in the majority of studies. All the physicians 
underwent company-specific training for implanting devices.  In our 
view, the implanting physicians’ understanding of different appendage 
anatomies and immense experience in implanting different devices can 
change the complications and peridevice leak rate. Since Amulet was 
fairly new to the market at the time of these studies, the experience 
could have played a role in complications and PDL rates. Glassy et al 
commented on the variation of appendage anatomies; however, did 
not comment on leak rates in comparison to appendage anatomy. A 
study led by Afzal et al on Watchman device outcomes reported the 
highest leak rate in broccoli (91%)  followed by chicken wing (72%), 
cauliflower (66%), and windsock (50%). This variation is significant and 
requires further investigation to identify PDL rates based on appendage 
anatomy. 

Almost all procedures were done using TEE and fluoroscopy, some 
of them used intracardiac echocardiography. Turagam et al implanted 
30 watchman FLX devices using intracardiac echocardiography (ICE) 
and had shown no major leak >5 mm at a 45-dayfollow-up 20. Based 
on this, using ICE might be helpful for proper implantation thereby 
reducing the PDL rates. 

The smaller SWISS-APERO trial, presented by Roberto Galea 

other closure procedures such as endovascular coils, plugs, or a second 
occluder.  Management of these patients is complicated by the fact 
that many of them undergo the procedure because they are unable to 
tolerate anticoagulation. Any leak is important when the primary goal 
is to seal the appendage completely.

The initial Watchman 2.5 device (Fig.C) came in sizes of 21mm, 
24mm, 27mm, 30mm, and 33mm12. The Watchman FLX device comes 
in 5 different sizes: 20mm, 24mm, 27mm, 31mm, and 35mm13. These 5 
sizes can treat Ostia ranging from 14mm to 31.5mm13. The Watchman 
FLX (Fig.B) has some important design changes, includinga greater 
number of hooks, from 10 to 18, distributed in 2 different rows. These 
changes provide improved device engagement. Ellis et al. stated that 
the Watchman FLX, compared to the Watchman 2.5, was preferred 
in difficult anatomies14. Their study placed the Watchman FLX in a 
cohort of patients who had a prior failed Watchman 2.5 attempt or 
anatomy prohibitive to use of the Watchman 2.5. The Watchman FLX 
is a shorter device and only requires an LAA depth half that of the 
width of the Ostia. 

The Amulet (Fig.A) is a second-generation Amplatzer device that 
was FDA approved on August 16, 2021. It is now a common left atrial 
appendage occlusion device used to treat patients with afib who are at 
risk of thromboembolic complications. Compared to the Amplatzer 
Cardiac Plug, the Amulet has several improved features such as a 
larger disc diameter, longer lobe length, long waist length, double seal 
technology, and stronger stabilizing wires. The inner lobe allows the 
device to better conform to the LAA anatomy and the disc further 
seals blood flow around the device by covering the LAA opening15. 
The Amulet device offers greater variability in sizes, coming in a total 
of 8 sizes: 16mm, 18mm, 20mm, 22mm, 25mm, 28mm, 31mm, and 
34 mm. These 8 sizes can treat ostium diameters ranging from 11mm 
to 31mm15. The greater range of device sizes and the differences in 
design may explain the difference in PDL rates between the Amulet 
and Watchman devices.

Per FDA recommendations a leak of < 5mm was deemed successful 
implantation. The Amulet IDE trial looked at the incidence of a 
residual jet ≤5 mm around the Amulet and Watchman devices12. They 
found that the Amulet had a 98.8% leak rate and Watchman had a 
96.8% leak rate12. They also noted that at a 12-month follow up the 
Amulet had a 10% moderate to severe PDL rate, whereas Watchman 
had a 22% PDL rate12. In our meta-analysis Amulet and Watchman 
FLX are superior to Watchman 2.5 in terms of PDL rates of any size 
jet, we are unable to favor either Amulet or watchman FLX which are 
currently available in the market  in regards to PDL given statistically 
nonsignificant p-value (refer to Table 1,2 and 3)

PDL is graded as mild (0-3 mm), moderate (3-5 mm), and severe 
(>5mm).  The implications of PDL aren’t fully known; however, there is 
a presumed risk of stroke16. At this juncture, we do follow-up imaging 
for PDLs at 45 days, no follow-ups are required at 6 months or 1 year if 
no leak was identified at the first follow-up. Per data, so far management 
for PDL is as follows, at 45 days follow-up with either TEE or CCTA, 
if a <3 mm leak was identified, may stop anticoagulation and repeat 
imaging in 6 - 12 months for regression. No, follow-up is recommended 
if it regresses to < 3mm. If >3mm leak, continue or start anticoagulation 
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In this meta-analysis of Amulet and Watchman, FLX is superior 
to Watchman 2.5 in terms of PDL rates only, we are unable to favor 
either Amulet or watchman FLX which are currently available in the 
market in regards to PDL given statistically non significant p-value 
(refer to table 1,2 and 3).  In any case, we would like to stress that the 
focus should be on minimizing the leak rate and aggressively following 
up for identified leaks at 45 days follow up and a second follow-up at 
6 months to a year may benefit in the detection of delayed leaks to 
minimize the stroke complications. As mentioned earlier, the amulet 
is fairly new to the market, with increasing physician experience future 
studies PDL outcome rates might differ. Increased understanding of 
PDL complications and management in future studies is necessary. 

Conclusion
PDLs are associated with a higher incidence of post-device 

implantation strokes 12 and with the increasing utilization of left atrial 
appendage occlusion devices, information on differences in PDL rates 
between devices can guide operators in choosing the appropriate device 
for their patients.

In this study, we performed a meta-analysis examining the rate 
of visible peridevice leaks of any size identified by either cardiac 
CTA or transesophageal echocardiography at a 45-day follow-up. 
Three different devices were included in the study: Watchman 2.5, 
Watchman FLX, and Amplatzer Amulet. A head-to-head comparison 
was performed between each of the devices. By pooling PDL rates 
from the included studies we concluded that the Amulet device and 
Watchman FLX are superior to Watchman 2.5  in terms of per device 
leak rate. There is no statistically significant difference between Amulet 
and Watchman FLX. There was significant heterogeneity in the results 
because of variation in sample sizes across the studies and the difference 
in study methodology. We need more studies focusing on PDL rates to 
understand their significance and complications better.
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Background
Escape-capture bigeminy is a rare rhythm that can be an early sign 

of sick sinus node manifesting as a sino-atrial exit block. We described 
an occurrence of this uncommon rhythm following surgical epicardial 
ablation of long-standing persistent atrial fibrillation- a finding never 
documented before.

Case
A 45-year-old gentleman with a diagnosis of symptomatic long-

standing persistent atrial fibrillation (AF) for ten years underwent 
elective surgical epicardial ablation - Convergent Procedure via 
subxiphoid approach and video-assisted thoracic surgery ligation 
of left atrial appendage with a 40 mm AtriClip. No intraoperative 
cardioversion was performed and patient tolerated the procedure well 
with no peri-operative complication.Twenty-four hours later, the 
patient developed rhythm as noted on the 12-lead electrocardiogram 
(ECG) (without any antiarrhythmic drugs).

The 12-lead ECG demonstrated sinus bradycardia (54 bpm) with 
repetitive group beating in a bigeminy fashion with junctional escape 
beat followed by a sinus conducted beat (Figure). The PP interval was 
2280 ms, and PR interval was 240 ms. The junctional escape beat is seen 
following the sinus beat with constant interval of 1800ms, which is then 
followed by the capture beat at interval of 480 ms-pattern that repeated 
itself. This is an escape-capture bigeminy. The patient was asymptomatic 
and hemodynamically stable throughout until he self-converted to 
sinus rhythm 12 hours later (with no evidence of any reversible cause). 
The patient had remained in sinus rhythm until discharge without any 
recurrence of AF or escape-capture bigeminy at follow-up. 

Discussion
Escape-capture bigeminy is a repetitive group beating consists of a 

ventricular escape beat followed by a sinus conducted beat in a bigeminy 
fashion. The escape beat occurs because of the intermittent sino-atrial 
exit block preventing the propagation of sinus impulse. Our patient 
escape beat likely originated from the atrioventricular junction given 
the same QRS morphology, although escape from the ventricle has 
been reported as well.

This rhythm is rare as its emergence requires two conditions to be 
met. First, the effective cycle length of the sino-atrial (SA) node or 
the primary pacemaker (2280 ms) must exceed the escape interval 
(1800 ms) plus the refractory period following the escape complex. 
Second, the escape beat could not reset the SA node retrogradely due 
to either an entrance block at the sinus node level or any retrograde 
conduction block. Thus, without recent usage of SA node suppressing 
medications or significant electrolytes imbalance, these findings are 
signs of early sick sinus node manifesting as SA exit block, with or 
without an entrance block1,2. Progression to advanced SA node disease 
is very likely and permanent pacemaker may be indicated.

Transient atrial electrical silence up to 12 hours has been reported 
following cessation of persistent atrial arrhythmias3. Chronic overdrive 
suppression of SA node and other pacemaker cells may result in an 
increased intra-cellular calcium leading to intracellular resistance and 
inhibition ofpacemaker activityand/or pacemaker exit block3.Our 
patient had long-standing persistent AF which was likely associated 
with the transient SA exit block presenting as escape-capture bigeminy 
following the ablation.
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Figure 1:

Twelve-lead electrocardiogram with a corresponding ladder diagram demonstrating escape capture bigeminy rhythm. The cycle lengths 
for the PP, PR, and RP intervals are denoted in milliseconds (ms). Capture beat occurs with the constant P-P interval of 2280ms.The 
junctional escape beat is seen following the sinus beat with constant interval of 1800 ms, which then again followed by the capture 
beat at interval of 480 ms. The pattern then repeats itself.
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Introduction
Despite efforts to improve healthcare delivery within the United 

States (US), inequitable care based on race and ethnicity permeates our 
healthcare system and adversely impacts the quality and quantity of 
life.1 Multiple studies have highlighted these discrepancies in cardiac 
diseases.  For example, Black and Latinx patients are less likely to 
receive angiography, angioplasty, and coronary artery bypass surgery 
than White and Asian patients.2 Despite generalized population 
trends for rhythm control strategies for atrial fibrillation (AF), Black 
and Latinx ethnicity is associated with lower usage rates of catheter 
ablation.3  Finally, despite similar efficacy and persistence of use with 
direct oral anticoagulants (DOAC) for AF, Black patients are less 
likely to receive a DOAC compared to White patients, and Black and 

Latinx patients are more likely to receive inappropriate dosing when 
compared to White patients.4

Some efforts have been made to improve racial and ethnic disparities 
in healthcare, but large-scale, multifactorial solutions have yet to make a 
substantial impact. There are multiple stakeholders to provide equitable 
care, including patients, healthcare professionals, utilization managers, 
hospital administrators, and healthcare administratorsthat contribute to 
these discrepancies and are culpable.1 Similarly, processes must address 
all these stakeholders to minimize gaps in care.

On the healthcare system level, there are intervention objectives 
for culturally and linguistically appropriate service (CLAS) standards 
for healthcare that are issued by the United States Department of 
Health and Human Services Office of Minority Health (Table 1).5  

These objectives provide a framework for improving healthcare 
systems, yet alone they are insufficient and do not include the needs 
and responsibilities of all stakeholders.  We will use CLAS standards 
to illustrate opportunities to improve racial and ethnic disparities in 
electrophysiology.

The multifaceted opportunity to improve racial and ethnic disparities 
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is a complex topic and the logistics are beyond what we can provide in 
a short review.  As an alternative we will share a patient case, highlight 
key opportunities missed, and advocate potential solutions.

Case History
Mr. C is a 50-year-old Black male with a history of hypertension, 

coronary artery disease without percutaneous intervention, complex 
sleep apnea on BIPAP ventilation, heart failure with a preserved ejection 
fraction, and pulmonary embolism.  He presented to our clinic for a 
second opinion regarding refractory atrial arrhythmias after a recent 
prolonged hospitalization at another hospital for persistent AFand 
atrial flutter (AFl)with acute NYHA class IV heart failure with mixed 
systolic and diastolic dysfunction (left ventricular ejection fraction of 
45%).  He required an emergent ablation after antiarrhythmic drug 
therapies with cardioversions and did not maintain a normal sinus 
rhythm (NSR).  His ablation procedure comprised a cryothermal 
balloon ablation of the pulmonary veins and radiofrequency ablation 
for typical AFl.Post ablation mapping in sinus rhythm revealed diffuse 
atrial scar defined by electroanatomic mapping.  Additional ablation 
was not performed.  After the procedure, he could not be extubated 
because of pulmonary compromise from fluid overloadand aspiration 
resulting in an extended ICU stay.  His ICU course was notable for 
recurrent paroxysmal AFand AFlwith rapid ventricular rates, despite 
the recentablation.  

In our outpatient clinic, he presented with a blood pressure of 166/93 
mmHg, heart rate of 78 bpm (NSR), respiratory rate of 20 breaths 
per minute, and a saturation of 98% on 3L of oxygen.  His body mass 
index (BMI) was 47 kg/m2 (189 kg).  He was admitted for heart 
failure management, initiation of sotalol, cardiac rehabilitation with 
a goal of weight loss, improvement of blood pressure management, 
andmanagement of severe mixed sleep apnea. 

Dialogue on Missed Opportunities
Often our impression of patients at their initial and subsequent 

clinic visits/admissions is incomplete.  To fully exploreopportunities to 
prevent the progression of his systemic diseases it is critical to review 
prior history and medical touch points of care.

In regard toMr C, Figure 1 shows the patient’s weight at the 
time of this index clinical visit for his second opinion regarding AF 

management and includes all measures in EPIC.  This figure contains 
approximately 5 years of previous clinical data with most of the 
measurements before the index clinical visit.  The patient at this visit 
was morbidly obese despite 106 clinic appointments from 2016 to 
2022 and his weight remained severely elevated without meaningful 
improvement prior to his extended hospital stay for sustained atrial 
arrhythmias and heart failure.

According to the ACC/AHA Guidelines for obesity, patients with 
BMI > 30 should be advised of their increased risk of cardiovascular 
disease, type 2 diabetes, and all-cause mortality.6The contemporary 
recommendation for obese males includesprescription of a diet which 
will result in an energy deficit by either prescribing a reduced calorie 
intake 1,500–1,800 kcal/d, prescribing a 500-kcal/d or 750-kcal/d 
energy deficit, or prescribing an evidence-based diet such as restriction 
of high-carbohydrates or high-fat foods.  It is also recommended that 
the patient be referred to a nutrition professional for counseling and 
to participate in a comprehensive lifestyle program which includes 
assistance in adhering prescribed diet and increasing physical activity 
via behavioral strategies.  Last, given the patients BMI is >40 the ACC/
AHA also recommends referral for bariatric surgery consultation.6

While it is unclear if the patient was educated on these 
recommendations or provided the opportunities to do so, it is reasonable 

Figure 1: Measurement of Weight in Clinical and Hospial Admissions

Table 1:
United States Department of Health and Human Services National 
Standards for Culturally and Linguistically Appropriate Services 
(CLAS) in Health and Health Care 

Principal Standard: 
1. Provide effective, equitable, understandable, and respectful quality care and services that 
are responsive to diverse cultural health beliefs and practices, preferred languages, health 
literacy, and other communication needs. 

Governance, Leadership, and Workforce: 
2. Advance and sustain organizational governance and leadership that promotes CLAS and 
health equity through policy, practices, and allocated resources. 
3. Recruit, promote, and support a culturally and linguistically diverse governance, leadership, 
and workforce that are responsive to the population in the service area. 
4. Educate and train governance, leadership, and workforce in culturally and linguistically 
appropriate policies and practices on an ongoing basis. 

Communication and Language Assistance: 
5. Offer language assistance to individuals who have limited English proficiency and/or other 
communication needs, at no cost to them, to facilitate timely access to all health care and 
services. 
6. Inform all individuals of the availability of language assistance services clearly and in their 
preferred language, verbally and in writing. 
7. Ensure the competence of individuals providing language assistance, recognizing that the 
use of untrained individuals and/or minors as interpreters should be avoided. 
8. Provide easy-to-understand print and multimedia materials and signage in the languages 
commonly used by the populations in the service area. 

Engagement, Continuous Improvement, and Accountability: 
9. Establish culturally and linguistically appropriate goals, policies, and management 
accountability, and infuse them throughout the organization’s planning and operations. 
10. Conduct ongoing assessments of the organization’s CLAS-related activities and integrate 
CLAS-related measures into measurement and continuous quality improvement activities. 
11. Collect and maintain accurate and reliable demographic data to monitor and evaluate the 
impact of CLAS on health equity and outcomes and to inform service delivery. 
12. Conduct regular assessments of community health assets and needs and use the results to 
plan and implement services that respond to the cultural and linguistic diversity of populations 
in the service area. 
13. Partner with the community to design, implement, and evaluate policies, practices, and 
services to ensure cultural and linguistic appropriateness. 
14. Create conflict and grievance resolution processes that are culturally and linguistically 
appropriate to identify, prevent, and resolve conflicts or complaints. 
15. Communicate the organization’s progress in implementing and sustaining CLAS to all 
stakeholders, constituents, and the general public. 
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to assume any breakdown in provider/patient relationshipmay limit the 
patient’s willingness or ability to be successful including any ethnic-
racial disparities such as patient/provider trust and/or communication.  
There are clear racial disparities for obesity and characteristics 
associated with weight loss, in particular Blacks are less likely than 
Whites or Hispanic patients to lose weight and if a weight loss program 
is pursued, less likely to change diet or increase exercise.  These data 
suggest opportunity to improve cardiovascular risk of a modifiable risk 
factor obesity by augmenting exercise and improving diet.7,8

Yet, other possibilities which may have limited the patients 
weight loss success may have includedsocio-economic limitations, 
transportation limitations, scalability, availability of healthy food at 
a low cost, comorbid diseases, availability of comprehensive centers 
to address weight and enhance long-term compliance to effective 
programs,community perceptions of weight and weight loss, 
unwillingness to do so, amongst others.9-11

Next, he presented to our office with poorly controlled hypertension.  
He stated at the visit that his blood pressure had been better controlled 
in the past and can fluctuate. Figure 2 shows his blood pressure 
measurements at clinical encounters over the same 5-year period.  The 
dotted lines estimated a systolic pressure of 120 mmHg and a diastolic 
pressure of 80 mmHg in which values below this line are a goal per the 
Sprint trial to reduce the risk and adverse cardiovascular outcomes.12  
Mr. C was persistently above the goals, at times severely, throughout the 
5-year period. Despite more aggressive intervention after his clinical 
visit with our team, blood pressure control remained difficult even with 
poly-drug therapies.  Also, its apparent in the figure that in almost two 
years, from 2018 to 2020, follow-up was sparse and not routine. 

Moreover, Figure 3 shows his first electrocardiogram (ECG) from 
2016.  At this time, he had ECG evidence of left ventricular hypertrophy, 
with an atypical right bundle branch block and left anterior fascicular 
block consistent with cardiomyopathy, but no echocardiogram was 
performed.  At the index clinic visit, his left ventricular ejection fraction 
was 45%, he had concentric moderate left ventricular hypertrophy (1.5 
cm), moderate-severe left atrial enlargement, moderate right ventricular 
enlargement with mild dysfunction, and a right ventricular systolic 
pressure of 45 mmHg.

With an eye toward opportunities for thetreatment of Mr. C before 
end-stage manifestations of disease became manifest, how can we 
improve?

In electrophysiology, the most common sustained arrhythmia 
in clinical practice is AF.13 AF incidence varies amongst different 
ethnicities. In the Multi-Ethnic Study of Atherosclerosis (MESA), 
the incidence rates of AF adjusted for traditional risk factors for the 
arrhythmia were up to 65% lower in Black patients, Asian patients, and 
Latinxpatients over the age of 65.  In all groups, the risk augmented 
with aging.14 Findings were similar in a study from the Veterans Affairs 
hospital database.  In this analysis, the age-adjusted prevalence of AF 
was 5.7% in White patients, 3.4% in Black patients, 3.6% in Asian 
patients, and 3.0% in Latinxpatients.15 The mechanisms underlying 
the racial AF paradox are not fully understood and may reflect genetic, 
inflammatory, and other mediators. Despite the observed differences 
in incidences between races, as management of AF is often allocated 
to improve symptoms, Black patients reported more AF-related 
symptoms and AF-related impact on quality of life compared to White 
patients and Asian patients.16

The majority of arrhythmias from the atrium and ventricle reflect 
underlying cardiomyopathy.  Risk factors for cardiomyopathy such 
as obesity, hypertension, diabetes, inactivity/sedentary lifestyles, and 
vascular disease are increasing throughout the US.17 In most patients, 
AF is a barometer of systemic health that is negatively impacted by these 
various risk factors and acquired diseases.18 Therefore, AF management 
must be interpreted in this context with ideal outcomes achieved when 
a multi-disciplinary approach is used to treat the arrhythmia and the 
risk factors that result in the arrhythmia initiation and progression.17

What is clear is there are meaningful racial differences in the 
USregarding risk factors for cardiomyopathy.  A study of 11,285 patients 
(>20 years) from the National Health and Nutrition Examination 
Surveys survey cycles assessed 7 health factors and behaviors—diet, 
physical activity, smoking status, body mass index, blood pressure, 
blood glucose, and total cholesterol.  Black and Latinxwomenhad 
lower comprehensive scores that White women with trends toward 
worsening discrepancies.  Men also displayed a similar pattern that was 
significant during some time periods of study and trended only during 
others.19  Independent of these trends is compelling racial differences 
in treatment of these risk factors and outcomes related to the diseases 
and their treatments.20

1. Improve Community and Patient Education and Access 
to Healthcare

When Mr. C first presented to establish care, he was already morbidly 
obese with poorly controlled hypertension and ECG evidence of 
heart injury.  The lack of treatment and continued disease progression 
isrelated to the patient but also potentially his community. As such, 
solutions to improve racial and ethnic disparities are needed in local 
communities forpeople, who may not have a formal relationship with 
a healthcare professional, and then also directly with the patient.

Several studies have shown the impact of community outreach and 
improving health in marginalized communities.  Black men have 

Figure 2: Systolic and Diastolic Blood Pressure Measurements 
during Clinical and Hospital Admissions
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patients respond better to healthcare professionalsthat look like them 
or may be able to better understand their lived experiences.

Cooper-Patrick et al.23 evaluated patient perceptions of physician 
participatory decision-making styles via telephone surveys which 
included 1816 adult patients from 32 urban primary practices between 
1996 and 1998. Of those patients surveyed 43% were whiteand 45% 
were Black. Of the 64 physicians included in the sample, 56% were 
white and 25% were Black . This study concluded that patients were 
more likely to give higher participatory scores to physicians of their 
same race suggesting patients preferred interactions with healthcare 
professionals of the same race. Ma et al.24 came to similar conclusions 
when they examined whether having healthcare professional of the 
same race or ethnicity affected the probability that a patient would 
visit the healthcare professional. The study utilized the 2014–2015 
Medical Expenditure Panel Survey-Household Component (MEPS 
HC) which is a large-scale national survey of Americans. Of the 25,045 
surveys, only 4548 (18%) responded to patient-provider race/ethnicity 
concordance questions, the majority of which were White (3114 cases), 
followed by Latinx(624 cases), Asian-American (512 cases), and 
Black(298) patients. The study found that race/ethnicity concordance 
significantly increased the likelihood of patients visiting theirfor 
preventative care, new health problems, and ongoing medical problems. 
Last, Takeshita et al.25 conducted a study that evaluated 117,589 surveys 
from adult patients from an urban outpatient academic health system 
practice between 2014 to 2017. This study found that physicians were 
less likely to receive higher patient experience scores from patients of 
different ethnic groups. Results of these studies highlighted how race 
and ethnicity differences between patients and providers may impact 
patient care and how access to a diverse provider population may reduce 
racial disparities in healthcare utilization. 

Improving the diversity of the electrophysiology provider panels is 
a daunting task, however, surmountable with careful and deliberate 
action. Improvements begin at the lowest level and include recruiting 
bright young minds to pursue a career in cardiac electrophysiology. 
Importantly, by the time students have entered medical school, 
it may be too late. Therefore, effort must be made during the 
undergraduate education years to support mentoring of students in 
cardiac electrophysiology. This can be through physician shadowing, 
clinical research, and professional development. The electrophysiology 
community must make a conscious effort to support students in the 
earliest stages of their training to make a meaningful impact on diversity 
and create a sustained diverse provider workforce. 

Furthermore, the training required to become a cardiac 
electrophysiologist must also be considered. To become a cardiac 
electrophysiologist a current medical graduate must complete 
three years of internal medicine residency, three years of cardiology 
fellowship, and two more years of cardiac electrophysiology fellowship. 
To underrepresented and marginalized students this means accruing 
debt and delaying other personal goals to continue rigorous training. 
For many, that is simply not possible. The training is important to ensure 
patient safety and providing the best possible outcomes. However, the 
compensation and possible loan forgiveness should be reconsidered to 
provide students with security during extensive training periods. 

high rates of hypertension, untreated hypertension, and physician 
interactions compared to Black women and other races.21,22 In an 
innovative study of 52 Black-owned barbershops, hypertensive male 
patrons were randomized to have their barber encourage them to meet 
with specialty-trained pharmacists who prescribed hypertension drug 
therapy in a practice agreement with the participant’s doctor or to have 
the barber recommend they see their physician and undergo lifestyle 
changes.In preparation for the study, barbers were trained to take and 
interpret blood pressure. At 6 months the active intervention with 
the pharmacist resulted in reduced blood pressure by 27.0 mmHg 
compared to 9.3 mmHg in the other group (p<0.001).  In this familiar 
community setting, the adherence to drug use was excellent at 95%.22

This barbershop study is a key example of cultural integration to 
provide better communication.  The investigators integrated the 
information into well-known cultural communication conduits that 
were trusted confidants to minimize access barriers to medical care 
and treatment.  For cardiac arrhythmias, there are multiple disease 
targetsincluding obesity, hypertension, sleep apnea, sedentary lifestyles, 
and diabetes.  The barbershop study could serve as a model for how 
to reach people who traditionally do not use health care systems and 
help them manage chronic conditions, thus making health care easy 
to access. Barbershops were chosen because they are trusted figures 
in black communitiesand could serve as links between providers and 
patientsto build trustandimprove racial and ethnic disparitieswith 
health care delivery.

In the case of Mr. C, there were 2 years with very little follow-upyet 
the reason for this lack of continuityis not clear to us.  However, it is 
plausible that barriers to care access, costs of medical therapies or health 
care appointments, and inadequate education about his disease may 
have played roles. 

2.  Recruit diverse men and women faculty that represent 
the community that receives care

In the case of Mr. C, he was seen for over 5 years by 101 different 
healthcare professionals.  The figure highlights the gender and racial 
diversity of these healthcare professionals.  Over 5 years he only saw 1 
Black healthcare professional.  

Over the past twenty years, there has been a focus on improving 
diversity in medical schools, residency and fellowship programs, and 
broadly throughout medical specialties. There are data that shows 

Figure 3: Baseline electrocardiogram at first available clinic visit 
of Mr. C
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again only represented 10.2% of minorities. The median age for the 
drug therapy group was 67 years and only 37.0% were women. Patients 
randomized to drug therapy included 1096 patients including 1007 
(92.1%) White participants, 38 (3.5%) Blackparticipants, and 48 (4.4%) 
others. This study offers a glimpse into the imbalance between women 
and minorities in studies.28

In the RAFT-AF trial, patients with AF and HF were 
evaluated to determine if AF ablation reduced all-cause mortality 
and hospitalizations for HF patients compared to rate control 
methods.29The study randomized 411 patients between 2011 to 2018, 
214 to ablation and 197 to rate control. The majority of the participants 
were White (N=397). In the group that was randomized to ablation, 
204 (95.3) were White, 6 (2.8%) were Asian, 2 (0.9%) were Black, and 2 
(0.9%) were characterized as other. In the rate control group, 193 (98%) 
were White, 3 (1.5%) were Asian, there were no Black patients (0%), 
and 1 (0.5%) was characterized as other. The study concluded there was 
no statistical difference in all-cause mortality or HF with the ablation 
group versus the rate-control group, yet a trend existed in improved 
outcomes with the ablation group over the rate-control group.  

Finally, a study of left atrial appendage closure called Protection 
Against Embolism for Nonvalvular AF Patients: Investigational 
Device Evaluation of the Watchman FLX LAA Closure Technology 
(PINNACLE FLX), the use of the next-generation WATCHMAN 
FLX LAA closure device in patients in nonvalvular AF patients who 
preferred to avoid the use of oral anticoagulation was evaluated.30The 
study enrolled patients between May 2018 to November 2018. 
According to the reported racial demographics the study included 
382 patients of which 358 (93%) were White, 18 (4.7%) were Black, 10 
(2.6%) were Latinx, 2 (0.5%) were Asian, and 1 (0.3%) was American 
Indian.

All of these studies are examples of the need to increase the 
recruitment of women and minorities in trials to ensure unique 
differences are represented. 

4. Improve access to electrophysiology treatments and 
procedures that are most effective and durable

Improving access to electrophysiology consultation, treatment, and 
procedures can be accomplished by ensuring services are accessible and 
affordable to the public. Both ethnic-racial stigmatization and poor 
socioeconomic status have been shown to have a negative impact on 
health outcomes both independently and in combination.31 Ethnic-
racial disparities have social, cultural, and environmental factors which 
intermix with economic factors creating variations in health risks. 
Recognition of disparities creates the opportunity to offer resources 
to patients as appropriate therefore improving affordability and 
reducing time to treatment. Resources vary yet may include language 
interpretation to improve communication or financial assistance 
programs to improve the patient’s ability to seek care. 

In a study of 109,22 patients, Black race and lower zip code-
linked income were independently associated with lower (6-17%) 
use of rhythm control in general.  For both Latinx  and Black race 
patients, catheter ablation use was lower (up to 40% depending on 

3. Improve recruitment of women and underrepresented 
races in electrophysiology trials

As previously discussed, although Black patients have higher rates 
of risks factors for AF in the community, the incidence of AF is lower.  
The mechanisms underlying these paradoxical findings are currently 
unknown. A likely possibility is poor screening in Black and Latinx 
populations and the prevalence is much higher than originally reported.  
It is also possible that mediators of AF are different despite the known 
risk factors of AF risk in the community. With increased access to 
consumer products that detect AF, such as the Apple watch, more 
accurate data of AF prevalence in these communities should become 
available.  However, management of AF across the spectrum of disease 
severity and with and without different risk factors is needed in both 
men and women and for diverse races.

Despite this need, there remains an underrepresentation of both 
women and races in many of the pivotal AF management trials.   
First, the Apple Heart Study assessed the ability of the Smartwatch 
to identify AF and included 419,297 participants over an 8-month 
period.26  The goal of the study was to evaluate the ability of optical 
sensors on the Apple iPhone app to detect AF. When considering 
the racial differences between participants, it included 286,190 
White participants (68%) and only 48,775 Latinxparticipants (12%), 
32,275 Black participants (7.7%), 26,156 Asian participants (6.2%), 
4,696 American Indian participants(1.1%), 3,652 Middle Eastern 
participants (0.9%), and 1,493 Pacific Islanders (0.4%). While the 
study included participants from several races, minorities remained 
underrepresented. 

Next, the study that defined the role of early rhythm management 
(ablation versus rate/rhythm control), The Catheter Ablation vs 
Antiarrhythmic Drug Therapy for Atrial Fibrillation (CABANA) 
trial, included 2204 patients with AF that were recruited from 126 
different centers in 10 different countries between 2009 and 2016.27 
The purpose of this study was to randomize patients with AF to either 
catheter ablation or medical therapy and compare outcomes. Patients 
randomized to ablation included only 10.2% of participants belonging 
to a minority. The median age for the ablation group was 68 years and 
only 37.3% were women. This included 1108 participants including 
1018 White participants (92%), 39 Black participants (3.5%), and 50 
characterized as other (4.5%). Patients randomized to drug therapy 

Figure 4: Racial and gender profiles of healthcare providers for 
Mr. C
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differences in risks of diseases and outcomes.  This understanding 
will only improve with a concerted effort to enroll minority patients 
in all pivotal electrophysiology studies.  Finally, we must improve the 
availability and use of electrophysiology specialty centers that provide 
comprehensive care and long-term outcomes because as seen in many 
studies, minority patients may be the ones that will benefit most.
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despite Black patients having higher rates of traditional risk factors 
for AF recurrences after catheter ablation such as hypertension, 
diabetes, and chronic kidney disease.34  In the CABANA trial (see 
racial enrollment limitations above), comparing outcomes between 
racial/ethnic minority and non-minority patients, the event rate of 
the primary endpoint (death, disabling stroke, serious bleeding, or 
cardiac arrest) was similar in those that received ablation (12.3% versus 
9.9%); however, minority participants had much higher event rates if 
randomized to drug therapy (27.4% vs. 9.4%).  The CABANA trial 
which represents the largest randomized prospective trial of ablation 
versus medical therapy for AF suggests if anything that there needs to 
be augmented attention to getting racial minority patients in specialty 
clinics to receive rhythm-based care, in particular catheter ablation.28

Ablation is not performed in all hospitals, and when performed, is 
typically done in hospitals that are more economically sound, offer 
comprehensive care, and are of higher quality.  Blacks compared to 
White patients more often receive treatment in lower quality hospitals 
with less resources.35  The reasons for these trends and decisions are 
multifactorial.  However, it is critical the Black patients feel welcomed 
in a hospital that may have less racial diversity and there needs to be 
active strategies to direct Black and LatinX patients to higher quality 
hospitals that offer more comprehensive care.35 Black and Latin X 
patients more than Whites prefer racial concordance when choosing 
a provider or where to receive medical care.36  As most choices for 
advanced care are driven by referring providers, there needs to be more 
effort to educate and provide healthcare navigators to people to help 
them make the best and most informed decisions.

Conclusions
Ethnic-race differences exist broadly in electrophysiology and 

specifically in AF prevalence, treatment, and outcomes. Additional 
information is needed to fully understand the impact of these 
differences so clinical practice can be altered as needed.  We shared a 
case of a patient in which there were multiple gaps in care that begin 
before he was first seen and continued over 5 years of follow-up.  There 
are no single solutions that will improve racial and ethnic disparities in 
electrophysiology yet there are many opportunities.  We need to first 
reach patients in their communities, improve education broadly, and 
minimize barriers to care.  Next, we need to completely study racial 
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Introduction
Syncope as a presentation of atrial fibrillation (AF) is uncommon, and 

mostly occurs due to post-termination sinus pause, but can also be due 
to a reflex mechanism leading to profound hypotension. Recurrence of 
syncope after successful AF ablation, warrants search for an alternative 
diagnosis.  In the present case, ventricular tachycardia (VT) was picked 
up in the loop recorder and a 12-lead electrocardiogram (ECG) was 
suggestive of a fascicular VT.  As the clinical VT was not inducible in 
the cathlab, anatomically guided ablation of the anterior fascicle was 
undertaken with successful result.

Case description
In April 2016, a 46-year old male courier driver was brought to the 

emergency department (ED) by paramedics after he was involved in a 
road traffic accident following an episode of syncope while driving his 
van. There were no accompanying symptoms of palpitations, chest pain, 
or shortness of breath. There was no previous history of syncope or any 
significant medical illnesses. He was not on any regular medication.
Neither was there any family history of ischaemic heart disease or 
sudden cardiac death. The paramedics recorded a heart rate of 240 

beats per minute (bpm) with a blood pressure of 70 mmHg at the scene. 
A 12-lead electrocardiogram (ECG) recorded at the scene showed 
atrial fibrillation (AF) with a fast ventricular rate of 192 bpm(Figure 
1A). In the ED, following failure of intravenous flecainide therapy, he 
was externally cardioverted to sinus rhythm. Post cardioversion, the 
ECG showed normal sinus rhythm at a rate of 75 bpm, QRS axis -5 
degrees, normal QRS morphology and a QTc of 360 msecs(Figure 
1B). No triggers for AF could be identified. Forty-eight hours later, he 
suffered a second episode of syncope and once again the paramedics 
found him to be in AF, but on this occasion with a slower ventricular 
rate of between 120-130 bpm. He was reverted spontaneously to sinus 
rhythm on his way to the ED. Transthoracic echocardiography did not 
show any evidence of structural heart disease. As this was his second 
episode of AF, he was discharged on bisoprolol 2.5mg once daily. 
Cardiac monitoring for five days showed sinus rhythm without any 
evidence of AF or sinus pause. As per the United Kingdom Driver 
and Vehicle Licensing Agency (DVLA) regulations he was asked not 
to drive till the cause of syncope had been identified and treated, thus 
depriving him, of his livelihood. A loop recorder(Reveal LINQ™ 
Medtronic Minneapolis USA) was inserted, and he was scheduled for 
an electrophysiological study (EPS) and if necessary, an AF ablation.

 
The EPS was undertaken using local anaesthesia, aseptic precautions 

and after therapeutic anticoagulation with rivaroxaban for three 
weeks. Bisoprolol was discontinued for at least 5 half-lives prior to the 
procedure. During sinus rhythm a three-wire study (coronary sinus, 
His-bundle and right ventricular apex) was undertaken via the right 
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Abstract
We report a case of a young gentleman, professional driver who presented with syncope. Atrial fibrillation (AF) was recorded and thus 

ablated successfully, however he presented with further syncope and a loop recorder detected wide complex tachycardia (WCT) and his ECG 
was suggestive of ventricular tachycardia (VT) originating from the left anterior fascicle which is not only rare to coexist with AF but also 
rare to present as syncope. Fascicular VTs are known to be non-inducible in the cathlab posing a challenge to the electrophysiologists. In 
this report we discuss how to circumvent this issue and achieve a successful ablation with literature review on different ablation strategies.
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femoral vein. The AH (55 msecs) and HV (55 msecs) intervals were 
normal. A retrograde conduction, with and without isoprenaline, at 2 
drive cycle lengths (600 and 400 msecs), showed concentric decremental 
conduction across the atrioventricular node.  An antegrade conduction, 
with and without isoprenaline, at 2 drive cycle lengths (600 and 400 
msecs), failed to demonstrate any AH jump, echo beats or any sustained 
tachy-arrhythmia. Incremental atrial pacing and burst pacing from the 
coronary sinus, decreasing up to a cycle length of 180 msecs also did 
not induce any arrhythmias. The Wenckebach point was 290 msecs. 
In the absence of any inducible tachycardia, a successful pulmonary 
vein isolation (PVI) procedure was performed by bilateral wide area 
circumferential ablation (WACA), with documented entrance and 
exit block,using 3D mapping (EnSite Precision™ Cardiac Mapping 
System Abbott Laboratories, Illinois USA). The voltage map of the 
left atrium showed healthy myocardial tissue.

In August 2017, 16 months following his AF ablation, he had brief 
episodes of palpitations which were confirmed on ILR downloads to 
be due to a regular wide complex tachycardia (WCT) (Figure 2 A, B, 
C) at a cycle length of ~270 msecs and was initiated by a ventricular 
premature contraction (VPC, arrow in Figure 2A). 

A second three-wire study performed under local anaesthesia 
once again failed to induce any tachycardia either anterogradely 
or retrogradely with and without isoprenaline. Burst pacing in the 
atrium revealed 1:1 conduction of atrial impulses to the ventricles with 
aberrancy up to a cycle length of 210 msecs. A VT stimulation study 

was also undertaken, both from the right ventricular apex as well as the 
right ventricular outflow tract, using up to 3 extra-stimuli and at 2 drive 
cycle lengths (600 msecs and 400 msecs). Incremental as well as burst 
pacing from the right ventricular apex, decreasing to a cycle length of 
300 msecs also failed to induce any arrhythmias.

Two weeks later, he presented with a third episode of syncope, which 
on this occasion, was preceded by palpitations. The ECG recorded by 
the paramedics showed a fast (230bpm) regular WCT with a right 
bundle branch block (RBBB) pattern and right axis deviation (RAD). 
The QRS duration was 114 msecs(Figure 3A), suggestive of idiopathic 
left fascicular ventricular tachycardia (ILFVT)and was successfully 
reverted to sinus rhythm with intravenous verapamil. 

Considering  findings  of a characteristic ECG for fascicular 
tachycardia, positive response to verapamil, initiation of the tachycardia 
by a VPC as noted on the ILR, and previous negative EPS on the 
background of structurally normal heart, the patient was taken to the 
lab for a third EPS using local anaesthesia, with a view to ablation of the 
anterior fascicular VT.  As on the previous two occasions, no tachycardia 
was inducible. A left ventricular substrate map(2975 points)was 
constructed via retrograde approach with a D curve Pentaray catheter 
(Biosense Webster, Diamond Bar, CA)using the CARTO 3D mapping 
system (Biosense Webster, Diamond Bar, CA).Sites with potentials of 
the left anterior fascicle as well as areas with mid-diastolic potentials 
(Figure 3C) were tagged (Figure 3D, E). Pace mapping from different 
areas of the left ventricle was undertaken and the configuration of 
the QRS complexes compared with the clinical tachycardia. An 88% 
match could be obtained near the left anterior fascicle. Ablation of 
the left anterior fascicle was undertaken (Figure 3D, E) using a D 
curve Thermocool STSF irrigated tip ablation catheter (Biosense 
Webster, Diamond Bar, CA) using 40 watts power. Post ablation, no 
tachycardia was inducible even with isoprenaline challenge. The patient 
was discharged, and verapamil was stopped. Remote monitoring with 
ILR was continued which has picked up infrequent ventricular ectopic 
beats only. As he has been free of syncope or palpitations for 24 months, 
his driving license has been reinstated by DVLA and he has resumed 
his job as a courier driver. 

Discussion
In this report we describe an unusual case of syncope in a young 

healthy male with evidence of two tachycardias, i.e., AF and ILFVT, 
both of which were treated successfully by radiofrequency ablation, 
rendering the patient symptom free. Several issues relevant to the 
management of this patient are worth highlighting. 

AF and syncope: Presentation of AF with syncope occurs in a minority 
and the commonest reason for syncope in patients with AF is post-
termination sinus pauses 1.In our patient, although the syncope caused 
an accident while driving, there were no palpitations which preceded 
the syncope. Profound hypotension during AF leading to reflex 
syncope is also plausible. Infrequently it can be due to pre-excited AF 
or underlying Brugada syndrome, both of which were not present in our 
patient 1. In our patient, no haemodynamic observations were possible 
during transient loss of consciousness and hence it was impossible 
to determine whether syncope was due to a bradyarrhythmia, reflex 
hypotension or a second tachyarrhythmia.  

Figure 1:

12-lead electrocardiogram recorded by the paramedics after the 
first episode of syncope showing atrial fibrillation with a fast-
ventricular rate (A).  Occasional ventricular ectopic beats of right 
bundle branch block morphology are also seen (arrow).12-lead 
electrocardiogram after external cardioversion showing normal 
sinus rhythm (B).
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Implantation of a loop recorder: In view of an unusual presentation 
of AF and to objectively document freedom from AF to DVLA, we 
proceeded to insert an ILR. With hindsight, the continuous monitoring 
was extremely useful in unmasking the second tachycardia and in 
ensuring the objective documentation of continued success of ablations. 
The limitation of the ILR was the absence of demonstration of 
ventriculo atrial(VA) dissociation during the WCT, but this has been 
described in young patients with ILFVT. 

Differential diagnosis of fascicular VT: Fascicular VT accounts 
for 10-15% of all idiopathic VT’s and usually presents with a 
RBBB morphology and left axis deviation. The QRS is relatively 
narrow and it is responsive to verapamil2.While the ECG features 
described above are due to the commoner form of ILFVT, which is 
anatomically related to the left posterior fascicle, in our patient, the 
axis was rightward, suggesting the less common form of ILFVT i.e., 
anterior fascicular VT. ILFVT typically occurs in young male patients, 
commonly presenting with paroxysmal palpitations, uncommonly with 
a tachycardiomyopathy, and very rarely with syncope 2.Differential 
diagnosis of ILFVT includes interfascicular VT, left ventricular 
papillary muscle tachycardia or SVT with aberrancy. The lack of 
bifascicular block during normal sinus rhythm in our patient ruled out 
interfascicular VT. Papillary muscle ventricular tachycardia (PMVT) 
was considered unlikel yas such patients are older, have underlying 
structural heart disease and present more often with ventricular ectopics 
than a sustained tachycardia. Also, in PMVT, the QRS complex during 
tachycardia is wide, may show multiple morphologies, is unlikely to 

be initiated by APCs and terminated with verapamil. ILFVT can be 
confused with SVT with aberrancy because of its presentation with a 
relatively narrow QRS during tachycardia, lack of VA dissociation in 
young patients, responsiveness to verapamil and induction by rapid 
atrial pacing during an EPS. Moreover, SVT’s can co-exist in 10-25% 
of patients with ILFVT2.

Negative EP study on three occasions: Non-inducibility of ILFVT on 
3 separate occasions was a consistent limitation in our case, delaying 
its diagnosis, but is not surprising given published reports indicating 
difficulty in induction of ILFVT in 25–40% of such patients2.Gopi et 
al 3,using a systematic protocol, could induce ILFVTin 94% of their 
patients.While we did not undertake all the steps as suggested by them, 
our efforts did include several steps used in their protocol, viz., being 
meticulous in the cessation of antiarrhythmics for at least three half-
lives prior to the procedure, induction from the high right atrium as 
well as the coronary sinus with multiple extrastimuli and stimulation 
from at least two ventricular sites, with and without isoprenaline. 

Therapeutic dilemma: In patients with non-inducible ILFVT, there is a 
therapeutic dilemma about how to proceed e.g., continue with the more 
conservative approach of pharmacological therapy, ablation during 
induced clinical tachycardia or undertaking empirical linear lesions. In 
our patient, his young age, repeated admissions with syncope and loss of 
livelihood led us to proceed with ablation. Nogami et al 4 demonstrated 
that pacing from the successful site of ablation showed only a partial 
match to the VT morphology due to capture of pathways within the 
purkinje network that are not included in the re-entry circuit and/or 
adjacent myocardium. Our experience was similar with pace mapping 
from multiple sites being not helpful, showing only an 88% match to 
the morphology of the spontaneous tachycardia. The same authors5 
targeted the high frequency potential with short duration (Purkinje 
potential,P2) which preceded the earliest ventricular activation during 
sinus rhythm in their series of anterior ILFVT cases and so did we 
(Figure 3). Post ablation, during normal sinus rhythm, we did see 
P1 signals but because of non-inducibility of the tachycardia, could 
not compare its timing before and after ablation. The limitations of 
this ablation strategy are: (a) that it may require more ablation than 
otherwise necessary, (b) if there is interlinking between components 
of the more distal fascicle and purkinje fibres, there may still exist 
potential for re-entry despite elimination of the conduction through 
more proximal elements; and (c) proarrhythmia may occur because 
of excessive ablation 4,5. However, although we did have to extend 
our ablation in and around the site of the purkinje potential (Figure 
3), prolonged follow-up of more than two and a half years by means 
of an ILR has not recorded any exacerbation of tachy-arrhythmia. 
Though ablation during VT remains the preferred approach, a strategy 
of mapping and ablation during sinus rhythm showed comparable 
results and should therefore be considered in situations where clinical 
VT is not inducible. In a systemic review and meta-analysis of 953 
patients, catheter ablation has been found to achieve 93.5% success 
rate after multiple procedures6.

The finding of a double tachycardia: Description of two different 
tachycardias, originating from atria and ventricle,exist in the literature, 
in the background of bystander pathway or structural heart diseases 7, 
but to the best of our knowledge, the combination of AF and ILFVT 

Figure 2:

Implantable loop recorder downloads showing initiation 
of a wide complex tachycardia (A)by a ventricular ectopic 
beat(arrow), sustained for nearly 60 seconds (B) and 
terminated (C) with a single ventricular ectopic beat 
(arrow).
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7. Esteban-Zubero E, García-Muro C, Alatorre-Jiménez MA, et al. Simultaneous 
associated onset of atrial fibrillation and ventricular tachycardia without structural 
cardiopathy - A case report. Clin Case Studie Rep, 2019; 2: 1-3

has not been reported before.  

Conclusion
To conclude, we believe that our case is the first in the literature 

with this unusual combination of paroxysmal AF and anterior ILFVT 
causing reflex syncope. The narrative of the illusive and non-inducible 
nature of anterior ILFVT captures the diagnostic as well as therapeutic 
dilemma and ultimately depicts the favourable outcome of radio-
frequency ablation.
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Figure 3:

(A) 12-lead electrocardiogram showing regular wide 
complex (QRS 120 msec) tachycardia (214 beats 
per minute) with right bundle branch block (RBBB) 
morphology with right axis deviation suggestive of left 
anterior fascicular tachycardia (during the 3rd episode 
of syncope). (B) Intracardiac recordings showing purkinje 
potentials (white arrow) arising from the left anterior 
fascicle (Signals from the Pentaray catheter are labelled 
as LASS). (C) Intracardiac recordings on the ablation 
catheter showing purkinje potentials (blue arrow) and 
late diastolic potentials (yellow arrow). (D) Modified left 
anterior oblique and (E) right anterior oblique (B) views 
showing bipolar voltage maps(0.5-1.5 mV) of the left 
ventricle with ablation lesion tags (red and pink)in the 
area of the left anterior fascicle (D) and white tags in the 
left posterior fascicular area (E).
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Introduction
We implanted an LAA occlusion device (AMULET-22mm) in 

a patient who was a candidate for left atrial appendage closure. At 
the first-month follow-up visit of the asymptomatic patient, device 
embolism was detected.This case report describes the management of 
device embolization.

Case Description
A 62-year-old male patient with paroxysmal atrial fibrillation, known 

hypertension,coronary artery disease,and a previous transient ischaemic 
attackhad hematuria under oral anticoagulant therapy and anemia 
secondary to hematuria. Benign prostatic hyperplasia was detected in 
the patient. There upon, we decided to implant a left atrial appendage 
closure device.The appropriate LAA occlusion device (AMULET-
22mm) was selected after echo cardiographic measurements of the 
orifice diameter of her atrial appendage. In January 2022, the device 
was implanted percutaneously by the usage ofthe transseptal approach. 
Fluoroscopy, angiography, and intraprocedural echocardiography were 
used to guide the device implantation. The final implant position was 
confirmed by cine angiography with contrast medium injections distal 
to the deployed device, and also by transesophageal echocardiographic 
color-flow Doppler examination of the left atrium.(video 1). After 

LAA closure,the postprocedural course was uneventful andthe patient 
was discharged from the hospital on the day after his procedure.When 
the patient came to the first-month follow-up, hehad no complaints.
Transthoracic echocardiography was performed as it is scheduled for 
the patient regardless of symptoms. The left atrium appendage closure 
device was not seen in place, and it was confirmed by transesophageal 
echocardiography the left atrium appendage closure device was 
dislocated.Device embolism was considered.Considering that the 
device might embolize into the aorta, we wanted to scan it under 
fluoroscopy.Scanning under fluoroscopy instead of planning a CT 
scan right away, helped us avoid unnecessary radiation and contrast 
burdens.Under thefluoroscopy scan, it was seen that the device was in 
the aorta.(figure 1A,1B )

Femoral access and percutaneous strategy were chosen to retrieve the 
device. Extraction was performed under fluoroscopy guidance without 
general anesthesia. Adequateanticoagulation with heparin throughout 
the procedure (activated clotting time [ACT] >250 s) was maintained 
by periodic ACT testing. A6f sheath was placed from the right femoral 
artery. The aorta was passed through with a JR4 diagnostic catheter.In 
aortography, it was determined that the device was at the level of the 
celiac and mesenteric arteries.(video  2) Then 16 f long sheath and two 
proglides were placed in the right femoral artery. 16 F Long sheath 
was sent to the distal aorta.We chose the single snare techniquefor the 
retrieval of the device.The device was positioned in the aorta with the 
hook part parallel to the medial and lateral wall.The lobe of the device 
was held with a Jr 4 diagnostic catheter and a  peripheral snare, then 
the device was pulled with the peripheral snare and the position of the 
hook part was inverted, pointing to inferior. The hook part was held by 
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Abstract
We present the management of device embolization in a patient who had a left atrium appendage occlusion device implanted. The case in 

hand is the first AMULET LAA occlusion device that embolizes into the distal aorta.Moreover, this case is unique in terms of the management 
of the complication. The embolized device was retrieved, using a single snare technique.To the best of our knowledge, this is the first case 
using the single snare technique for retrieval of the embolized device.
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the peripheral snareand pulled back into the long sheath without any 
problems.(figure2A,2B)(video 3) The stabilizer hooks of the device 
were pointing to the inferior side. The device was pulled back and the 
hooks turned to the cranial direction and no damage occurred to the 
aorta while the device was retrieved into the sheath.We did not implant 
a new device because the patient did not accept the new device. The 
post-procedure process went smooth and the patient was discharged 
from the hospital.

Discussion
LAA closure has emerged as an alternative therapeutic approach 

to oral anticoagulation for stroke prevention in selected patients with 
nonvalvular AF 1.The periprocedural complications include death, 
ischaemic or hemorrhagic stroke, transient ischaemic attack pericardial 
effusion, tamponade, device-related thrombus, device embolization, 
postimplantation sepsis2.The most important periprocedural 
complications are pericardial effusion, device embolism, and device-
related thrombus.Device embolization is a fairly rare complication 
of LAA closure, with an average reported rate of <4% 3.When we 
searched the literature, there were case examples of embolization of the 
left atrial closure devices 2,4,5,6,7,8.Previous reports have shown that the 
(AMULET) LAA closure device embolizes to the LVOT and mitral 
valves. However, this is the first time that extra-cardiac (peripheral) 
embolization has been reported. There may be several risk factors 
and predictors for device embolization. These includedevice under-

sizing,device off-axis,and vigorous tug testing5.The complication in our 
case was systemic embolization of the device. We thought that the cause 
of embolization might be due to the device not being compressed well.
Patients who develop device embolism may be asymptomatic, as in our 
case. Patients who develop device embolism should be diagnosed early 
and the events should be resolved without requiring emergency surgery 
and resulting in death, as in our case.  The frequency of complications is 
often due to low operator experience. We think that the complication 
rate will decrease as the experience increases. 9

When we searched the literature, we saw that the single snare 
technique was not used.An endoscopic grasping tool and double 
snaring technique were generally used to retrieve embolized devices 
in literature. We chose this technique because we have more clinical 
experience with the single snare technique. Keeping the hook of the 
device in the lower position in the aorta while using the peripheral 
snarewill facilitate the removal of the device, as in our case, and this 
method will ensure that the aortic wall is not damaged during the 
removal process.

Conclusion
Even in the absence of symptoms, early and late echocardiographic 

examinations (1-month and 6-month follow-ups) have to be made 
thoroughly. Device embolism and misplaced device position can be 
detected in these echocardiographic examinations. The important 
thing is to determine the appropriate technique, and removal method 
according to the location of the device with a multidisciplinary team 
and to manage this complication without requiring emergency surgery 
and without death.

Video 1: The video of transesophageal echocardiography 
performed after device implantation

Video 2: The video of the device’s position in the aorta and 
its relationship with vascular structures

Video 3: The video of the device retrieving  into the sheath 
with snare
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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia 

worldwide, and its prevalence continues to increase 1. Catheter 
ablation is a widely recognized treatment for this type of arrhythmia 
2. The predominant strategy is pulmonary veins isolation (PVI), 
although additional ablation approaches may be also carried out, 
such as linear lesions in the left atrium (LA), Vein of Marshall 
ethanol infusion, or ablation of fractionated atrial potentials, non-PV 
triggers or rotors, especially for patients with persistent AF3. Despite 
the various technological innovations, recurrence rates of AF after 
an ablation procedure still remain relatively high (ranging from 
20 to 58%)4, sometimes due to electrical reconnections over time. 
Therefore, there is still room for new tools and technological advances 
that could finally improve the success rates of the procedure.

The DiamondTempTM (DT) ablation system is a recently 
developed technology composed by the DiamondTemp™catheter 
and its specific radiofrequency (RF) generator FASTR-RF (EPIX 
Therapeutics, Santa Clara,California, USA, which was acquired 
by Medtronic at 2019, Inc. [Dublin, IR]). While conventional 
RF saline-irrigated catheters do not offer a reliable temperature 
feedback and are typically operated in power control mode, the 
DiamondTemp™ catheter has been designed to provide efficient 
temperature-controlled irrigated ablation, as well as to record high-
quality EGM signals.

This is possible as a result of the catheter design (figure 1): it is an 
open-irrigated catheter with 4.1 mm tip segment, which contains three 
industrial grade diamonds interconnected at the distal tip electrode, 
allowinga rapid dissipation of heat due to their high thermal diffusivity. 
This permits to reduce saline irrigation at a rate of 8 ml/min (through 
6 irrigation ports), making it a low-flow irrigated catheter.There are 
also 6 externally placed thermocouples (3 distal and 3 proximal), 
whose information is read 50 times per second by the generator, thus 
allowing for a very accurate and real-time estimation of catheter-tissue 
interface temperature.This enables the use of temperature control mode 
with better modulation of the power to maintain a target therapeutic 
temperature, and subsequently creates lesions more reliably and 
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Abstract
Due to the still relatively high recurrence rate after atrial fibrillation (AF) ablation procedure, new tools and strategies to improve post-

ablation freedom from AF are necessary. 

Recently, the new EnSite X EP cardiac mapping system has received the FDA authorization for its use. DiamondTemp™ is a new 
radiofrequency (RF) catheter commercialized by Medtronic company with accreditation for pulmonary veins isolation (PVI). The efficacy of this 
catheter in paroxysmal AF was confirmed by a recent publication (DIAMOND-AF). Currently, a new study is being carried out to validate the 
usefulness of this catheter in persistent AF: The DIAMOND-AF II.

It seems interesting to describe and illustrate the combination of these two new technologies through a case report on persistent AF 
ablation.
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efficiently.With respect to signal recording, the catheter tip consists 
of a composite tip electrode and 2 ring electrodes (proximal dipole), 
all made of platinum-iridium. The distal aspect of the tip composite 
electrode is 0.6 mm long and is electrically insulated from the proximal 
component, allowing for high-resolution EGM detection. 

Although the catheter does not provide direct information about the 
contact force, there are other elements that give biophysical feedback 
of tissue contact and lesion formation during ablation: 1) Reduction 
of tip-EGM amplitude, 2) Tissue temperature and 3) Impedance 
drop (directly related to tissue heating). Moreover, a preclinical study 
has shown that contact force does not have a significant impact on 
lesion depth or volume in the setting of temperature-controlled power 
modulation5,6. 

 This ablation system has already proven its safety and efficacy at 
the TRAC-AF study7. Seventy-one patients with paroxysmal AF 
from 4 centers were included, who underwent RF first-PVI procedure 
with the DiamondTemp™ ablation system: point-by-point wide-
area circumferential antral ablation [WACAA] in a temperature-
control mode (limit temperature 60ºC at the anterior wall and 55ºC 
at the posterior wall, maximumpower 50 W). Acute isolation of all 
PVs was achieved in 100% of patients, and freedom from AF after 1 
year was 70.6%. There were few serious procedure adverse events (1 
cardiac tamponade and 1 transient ischemic attack). Posteriorly, the 
DiamondTemp™ ablation system demonstrated strong outcomes 
against a contact force-sensingRF ablation system in a paroxysmal AF 
(PAF) population at the DIAMOND-AF trial8. It was a prospective, 
randomized non-inferiority trial which included 482 paroxysmal AF 
patients who were randomized to receive PVI with DiamondTemp™ 
ablation system or with conventional irrigated contact force–sensing RF 
ablation system (CF-RF), both arms using the EnSite cardiac mapping 
system (Abbott, Inc.). Primary endpoints were effectiveness (freedom 
from atrial arrhythmia recurrence at 12 months) and safety(composite of 
procedure and device-related serious adverse events). DiamondTemp™ 
ablation system proved noninferior to CF-RF ablation (safety event 
rate was 3.3% in the DTA group versus 6.6% in the control group and 

primary effectiveness was met in 79.1% of DTA subjects versus 75.7% 
of control subjects). Efficiencies were observed using DTA with shorter 
total RF times and individual RF application durations, and less saline 
infusion. Recently, the FASTR-AF study demonstrated long-term 
safety and effectiveness of the second generation FASTR RF generator 
(allowing an increased initial power ramp) in a population including 
both paroxysmal and persistent AF9. Currently, the DIAMOND-AF 
II study is being carried out, whose purpose is to evaluate the safety and 
effectiveness of the DiamondTemp™ ablation system for the treatment 
of patients with persistent atrial fibrillation.

This catheter is compatible with Ensite navigation systems (Abbot, 
Illinois, US), included its newest version: the new Ensite X navigation 
system.

The Ensite X Navigation System has recently obtained the FDA 
approval, and provides a wide range of improvements and facilities with 
respect to its predecessor versions. 

With the new system, the user has the possibility to choose between 
2 modalities to perform the 3D-map: the traditional impedance 
monitoring (The NavX mode), or the new EnSite™ VoXel mode based 
on electromagnetic field technology, which allows precise location of 
sensor-enabled catheters with consistent catheter shape despite local 
impedance changes, and minimizes case disruption due to patient 

Figure 1: Tip components of the DiamondTemp TM catheter.

Figure 2: Connection scheme of the DiamondTemp TM catheter to the 
Ensite X navigation system.

movement.

One of the most notable improvements in terms of map interpretation 
is the incorporation of the Omnipolar Technology (OT), intended 
for the Advisor HD Grid multielectrode mapping catheter. It is a 
new methodology for calculating EGMs that combines benefits of 
unipolar (wavefront direction and speed) and bipolar signals (local 
signal characteristics) into an omnipolar EGM.  Omnipolar mapping 
provides beat-to-beat wavefront visualization on the catheter, giving 



www.jafib-ep.com Volume 15 Issue 5 | Sep 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology66 Case Report

the LA was done using the Advisor HD Grid multielectrode catheter, 
finding that left pulmonary veins were already isolated and that there 
was a low-voltage area at the mitral isthmus (MI), but without having 
achieved the MI block yet (figure 3A).  It was decided to carry out 
PVI by encirclement of the two pulmonary vein antrums (WACAA) 
with the DiamondTemp™ catheter. The settings were established as 
follows: temperature-controlled ablation with a target of 60ºC and 
subsequently modulated power with a maximum of 50W. The efficacy 
criteria were a drop of impedance of at least 10 ohm and achievement 
of the targeted temperature; when reached, usually within the first 15 
seconds, RF deliveries were stopped, allowing for a fast and reliable 
WACAA.After having completed PVI, electrical cardioversion 
with successful conversion to sinus rhythm (SR) was performed. 
Two additional lines were also deployed with the DiamondTemp™ 
catheter and the same settings and efficacy criteria: a roof line 
(rapidly obtaining block) and the mitral isthmus endocardial line; 
nevertheless, further RF applications from the epicardial aspect of 
the mitral isthmus (from inside the coronary sinus) were required 
to achieve the mitral isthmus block. We used the same RF settings 
(temperature target of 60º with a maximum power of 50W) to ablate 
inside the coronary sinus, without sudden increases in impedance 
or other complications, related to the modulation of the power 
(figure 4).  After having completed the ablation, a new voltage and 
activation high-density map showed persistence of disconnection 
of the 4 pulmonary veins(figure 5), block at the roof and the mitral 
isthmus (video 1), as well as isolation of the posterior wall, which had 
not been initially intended but was achieved indirectly due to the 
roof line together with Alcoholic ablation of Marshall’s vein (figure 
3B).The patient has remained in SR during an 8-months follow-up 
period.

Conclusion
In conclusion, the combination of these two new technologies 

allowed for an accurate anatomy reconstruction as well as for a very 
fast and efficient ablation, since the target of a 10-ohm impedance 
drop guarantees the formation of a reliable lesion in few seconds and 
thus ensuring an optimization of the total RF time. As mentioned, 
we used the EnSite X system configured in NavX mode. In the 
future, if it is technically possible, it would be interesting to test the 
configuration with the EnSite X in the Voxel mode.Figure 3:

Panel A: Voltage map of the left atrium posterior wall 
after Vein of Marshall alcoholic ablation. Panel B: 
Posterior wall isolation at the end of the procedure.

Figure 4 : Upside down and reversed horizontally

information about voltage, timing, activation direction and conduction 
velocity with independence from the wavefront-catheter orientation.
OT may enable a “move and locate” strategy to potentially identify 
the arrhythmia focus or a conduction gap, without mapping the entire 
chamber10,11.

The combination of these two new technologies may lead to perform 
more efficient ablations and is easy to use at the compatibility level.In 
this regard, there are only few considerations to take into account. The 
connection of the DiamondTemp™ with the new Ensite X is similar 
to the connection to the previous Abbot navigation system (Ensite 
Precision). The Medtronic GenConnect box and GenConnect cables 
are required, and cable connection to the Ensite X system must be done 
using the Ampere Connect cable via the GenConnect box (Figure 
2). The DiamondTemp™ must be used in the NavX mode (and not 
the VoXel mode), and it must be configured via the Ampere Connect 
Interface on the EnSite X graphical user interface, specifying that it is 
an ablation catheter at the “ablation type” option.

The following case illustrates the combination of these two promising 
technologies.

Case Report
A 72-year-old patient with past medical history of diabetes, 

dyslipidemia, hypothyroidism, and hypertrophic myocardiopathy, 
with persistent AF refractory to amiodarone and complicated with 
acute heart failure episode underwent a first AF ablation procedure. 

The procedure was carried out under general anesthesia, esophageal 
temperature monitoring through a specific probe and with the new 
EnSite X Navigation system.Our usual strategy for persistent AF 
ablation includes pulmonary veins isolation, linear block at the LA, 
and mitral isthmus block using both RF energy and ethanol infusion 
at the Vein of Marshall. First, alcoholic ablation of Vein of Marshall 
was performed. Secondly, voltage and activation high-density map of 
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Case Snippets
A 42-year-old male with no significant past medical history presented 

with shortness of breath for a few months. EKG and telemetry showed 
frequent premature ventricular complexes (PVCs). Echocardiogram 
revealed severely reduced left ventricular ejection fraction (LVEF) 
<20%. Coronary angiogram did not show obstructive CAD.  Cardiac 
MRI showed severely dilated left ventricle and global hypokinesis 
without evidence of late gadolinium enhancement.   PVC morphology 
was consistent with LVOT/LV summit origin (Panel A). 

PVC activation was acquired end ocardially in the great cardiac 
vein (GCV), anterior interventricular vein (AIV), coronary cusps, and 
LVOT as well as RVOT. The site of earliest activation was proximal 
AIV where local EGM preceded surface QRS onset by 30 msec. This 
was followed by later activations in the LVOT endocardially and 
even later in the RVOT. A coronary sinus venogram showed stenosis 
in the GCV, precluding safe advancement of ablation catheter to 
AIV. Radiofrequency (RF) energy using power of 35 W to 40 W, 
was delivered at sites of early endocardial breakoutin the LVOT and 
opposite to the earliest epicardial activation. However, the PVC could 
not be eliminated. Additional RF ablation was attempted from RVOT 
but failed to affect the PVC (Panel B). Patient was discharged on 
amiodarone and life vest. 

Holter 3 weeks later showed 38% PVCs burden and the following 
week, patient presented after receiving appropriate shock for PVC 
induced ventricular fibrillation.

The patient underwent repeat PVC ablation using transvenous 
alcohol ablation. Left axillary vein approach was used and the CS 

was cannulated using Medtronic Attain catheter. Balloon occlusive 
venograms were performed to delineate AIV branches. Proximal AIV 
branches were sequentially cannulated using Runthrough wire and 
OTW balloon. Activation as well as pace mapping was performed (in 
a unipolar fashion) from each of the branches. The earliest activation 
was 35 ms pre-QRS from the proximal septal perforator where pace 
map match was over 90%. A 2 x 10 mm OTW balloon was inflated 
to nominal pressure and contrast was injected. It did not show any 
collaterals and no contrast leaks around the balloon. Four milliliters of 
ethyl alcohol was slowly injected while balloon remained inflated for 
5 minutes.  Myocardial staining was seen (Panel C). The PVCs were 
abolished immediately after alcohol injection and were not seen during 
the waiting period. Holter 6 weeks afterwards showed 0.2% PVC 
burden. Echocardiogram 2 months post ablation showed improvement 
in LVEF to 45%. 

High burden of PVCs is a well-recognized cause of cardiomyopathy 
1,2.Effective treatment of PVCs can restore LV function. RFA of 
ventricular arrythmias originating from the LV summit is particularly 
challenging because of proximity to major coronary vessels, limitations 
of ablation from CS venous system as well as epicardium and sometimes 
deeper intramural origin.

This case illustrates that detailed mapping of PVCs from the coronary 
venous system and methodical delivery of alcohol was feasible and 
effective in eliminating the PVCs. Alcohol ablation is an effective bail 
out optionfor failed RF ablation.
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Figure 1:

A. EKG showing PVCs. Left bundle morphology with V3 transition 
and inferior axis.  B. 3D activation map with multiple RF ablation 
sites. C. A suitable site for alcohol injection as a venogram 
showing limited myocardial staining without collaterals.
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Introduction
An 81-year-old male with a previous history of coronary artery 

disease (CAD), hypertension, and frequent premature ventricular 
contractions (PVC) presented to the emergency department with 
2 episodes of non-prodromal syncope lasting less than 1 minute 
and recurrent presyncopal episodes. He denied chest pain, angina, 
palpitations, or heart failure symptoms. His recent cardiovascular work-
up showed a normal left ventricle ejection fraction of 58% without other 
relevant abnormalities on the echocardiogram. A 48-hours Holter 
monitor showed frequent PVC with a burden of 26%, 2 predominant 
morphologies, and episodes of ventricular bigeminy. An angiogram 
performed 4 months before his presentation showed a 99% lesion in the 
mid-left anterior descending artery that was treated with percutaneous 
coronary intervention. 

His vital signs on arrival showed mild bradycardia with a heart rate 
of 56 bpm, but they were otherwise normal. Laboratory work-up was 
unremarkable and did not reveal any potential explanation of syncope. 
The electrocardiogram (ECG) obtained in the emergency department 
is shown in figure 1A. 

The patient was on bisoprolol 10 mg once daily which was 
discontinued, 72 hours after his admission he continued presenting 
similar episodes on telemetry (figure 1B).

Based on the ECGs shown in Figures 1A and 1B what is the most 
likely diagnosis?

A. Pseudo atrioventricular (AV) block due to concealed His bundle  
      extrasystole.
B. Extrinsic vagally mediated paroxysmal AV block (EV-AVB).
C. Extrinsic idiopathic paroxysmal AV block (EI-AVB)
D. Intrinsic paroxysmal - Pause dependent AV block (Phase IV)
E. Second-degree Mobitz I AV block.

Discussion
The correct answer is D: Intrinsic paroxysmal - Pause dependent 

AV block (Phase IV)

Paroxysmal atrioventricular block (PAVB) is a clinical condition 
characterized by sudden changes in the electrophysiological properties 
of the conduction system resulting in advanced heart block, syncope and 
sudden cardiac death. PAVB can be classified into three groups, intrinsic 
PAVB (I-PAVB) due to underlying disease in the atrioventricular 
(AV) conduction system, extrinsic vagal PAVB (EV-PAVB) related 
to parasympathetic influence in the conduction system, and extrinsic 
idiopathic PAVB (EI-PAVB) which has been associated with low 
plasmatic levels of adenosine 1.

The I-PAVB, also known as phase 4 block or pause 
dependent,classically presents in patients with abnormalities in the 
His-Purkinje system (HPS) 2, 3. As in the presented case who had 
baseline left anterior fascicular and right bundle branch block (Figure 
1A).

The mechanisms of I-PAVB arerelated to a partial depolarization 
of a diseased HPS during the final part of the depolarization (phase 
4), triggered by premature ventricular contractions (PVCs) that lead 
to concealed retrograde AV node conduction modifying the refractory 
periods and causing conduction delay (Figures1A and 1B) 2, 3. 

The diagnosis of PAVB is often overlooked because of no clear 
evidence of AV disease during 1:1 conduction (1). Our patient 
presented with non-prodromal syncope and the displayed ECG 
(Figures 1A and 1B) revealed I-PAVB triggered by a compensatory 
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    diastolic depolarization. Chest. 1973;63(5):678-88.
3. Lee S, Wellens HJ,  Josephson ME.  Paroxysmal atrioventricular
     block. Heart Rhythm. 2009;6(8):1229-34.

pause after PVC. Other forms of AV block were ruled out based on 
the absence of gradual slowing of the sinus rate and prolonging PR 
interval as in EV-PAVB and second-degree Mobitz I AV block. In the 
present case, AV block was always triggered by PVCs allowing us to rule 
out pseudo atrioventricular (AV) block due to concealed His bundle 
extrasystole and extrinsic idiopathic paroxysmal AV block.

The only available therapy for patients with syncope related to 
I-PAVB is permanent pacing 1. The discussed patient underwent a 
dual chamber pacemaker implantation with complete resolution of his 
symptoms during follow-up.

The diagnosis of PAVB is challenging, the current classification 
facilitates the identificationof patients at higher risk of intrinsic HPS 
disease, in order to define therapeutic interventions, especially in 
patients presenting with syncope.

Key teaching points:
• ECG showing 1:1 conduction does not exclude advance block in 
   patients presenting with syncope
• Premature ventricular contractions can trigger paroxysmal AV 
   block in patients with underlying His Purkinje System disease(I-
   PAVB - phase 4).
• Permanent pacing is the only available treatment option in patients 
   with intrinsic paroxysmal AV block.

Conflicts of interests
None

References
1. Aste M,  Brignole M.  Syncope and paroxysmal atrioventricular 
    block. J Arrhythm. 2017;33(6):562-7.
2. Rosenbaum MB, Elizari MV, Levi RJ, Nau GJ. Paroxysmal  
    atrioventricular block related to hypopolarization and spontaneous 
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1B: ECG obtained 72 hours after admission on telemetry
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Abstract
Background: Challenges to conventional ablation in patients with congenital heart disease are numerous and include vascular obstructions,

massive chambers, distorted anatomies, baffles, conduits, patches, and prosthetic material. In certain circumstances, transcatheter 
punctures across conduits or patches may be deemed high risk and/or provide suboptimal access. Robotic magnetic-guided navigation 
systems overcome some limitations to manual catheter ablation by virtue of soft and flexible catheters steered from the tip, thereby allowing 
sharp and multiple angle trajectories. To date, magnetic-guided catheter ablation outcomes have not been systematically assessed in 
patients with congenital heart disease beyond single-center case series.

Objectives: The primary objective of the ROBOtic Transcatheter ablation In Congenital heart disease (ROBOTIC) registry is to determine the 
safety and efficacy of magnetic-guided catheter ablation in patients with congenital heart disease. Additional objectives include assessing 
the impact on patient-reported outcomes and exploring factors associated with ablation failure.

Study design: The ROBOTIC registry consists of two phases. Phase I will retrospectively enroll 400 patients with congenital heart disease of 
any age who have undergone magnetic-guided ablation at a participating site. Phase II will prospectively recruit 200 adults (≥18 years) with 
congenital heart disease scheduled to undergo robotic magnetic-guided ablation. Recruitment will occur over a 4-year period, with a minimum 
follow-up of 1-year. The impact of robotic magnetic-guided ablation on patient-reported outcomes will be assessed by questionnaires on 
perceived health status, psychological functioning, quality of life, sense of coherence, illness perceptions, and catheter ablation-specific 
metrics. The study will be coordinated by the Montreal Health Innovations Coordinating Center (MHICC).



www.jafib-ep.com Volume 15 Issue 5 | Sep 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology73 Original Research

Introduction
Congenital heart disease (CHD) is the most common type of birth 
defect, afflicting 1-2% of live births.1 With advances in surgical and 
pediatric cardiac care, most children born with heart defects survive 
well into adulthood.2 Arrhythmias are the foremost contributor to 
morbidity, impaired quality of life, and hospitalizations in adults with 
CHD.3, 4 Projections indicate that over 50% of patients with CHD will 
suffer from an atrial tachyarrhythmia before 65 years of age.5 While 
intra-atrial reentrant tachycardia is the most common arrhythmia in 
adults with CHD, atrial fibrillation is increasing in prevalence in this 
growing and aging population.6 Moreover, ventricular arrhythmias 
are an important cause of mortality, often occurring in the 3rd and 4th 
decades of life.7

Antiarrhythmic drugs are the mainstay of therapy for managing 
tachyarrhythmias. Nevertheless, their use in patients with CHD is 
limited by moderate efficacy and side effects, including potentially 
severe pro-arrhythmic consequences.  As a result, catheter ablation plays 
a prominent role in managing a gamut of arrhythmias, with indications 
that have been elaborated by an expert consensus panel.4 There are, 
however, numerous challenges to performing catheter ablation safely 
and effectively in patients with CHD. Common hurdles include 
vascular obstructions, vascular anomalies (e.g., interrupted inferior 
vena cava), baffles, conduits, prosthetic material, and formidably large 
chambers. 

Robotic ablation 
Robotic magnetic-guided navigation offers a solution to overcoming 

complex catheter access issues. The Stereotaxis system (Stereotaxis, 
St. Louis, MO)is equipped with two large neodymium-iron-boron 

magnets mounted on articulating arms that generate relatively 
uniform magnetic fields (15 cm diameter) up to 0.1 Tesla in any 
direction within the thorax. This allows ablation catheters embedded 
with magnetic tips to be steered remotely. Unlike conventional 
approaches, the catheters are soft and flexible, allowing for sharp 
and multiple angle configurations. Since the catheter tip is directly 
controlled by external magnets, the same degree of maneuverability is 
obtained regardless of the number or type of turns, distance traveled, 
or catheter trajectory.

Prior studies
Clinical experience and single center case series have confirmed 

advantages of robotic magnetic navigation in accessing cardiac 
chambers of interest in patients with complex anatomies.     
Examples include utilizing a retrograde aortic approach to access the 
pulmonary venous atrium in patients with large interatrial patches 
or distorted septal anatomies.8-10 transposition of the great arteries 
with a Mustard or Senning baffle, and single ventricle physiology 
with total cavopulmonary connection Fontan surgery (Figure 1).11, 

12 Other advantages include greater catheter stability than manual 
catheters, reliable tissue contact despite excessively large chambers 
(e.g., right atrium to pulmonary artery Fontan), and an enhanced 
safety profile with a maximum contact force of approximately 22 g 
that minimizes the risk of cardiac perforation.13 Drawbacks include 
the lack of multipolar mapping, non-feasibility of access through 
mechanical atrioventricular or aortic valves, and the need for an 8F 
sheath.14 

In the largest series to date on catheter ablation outcomes with 
robotic ablation in CHD, a total of 94 procedures were performed 

Figure 1: Retrograde access to the pulmonary venous atrium in a patient with a total cavopulmonary connection Fontan

A 34 year-old woman with complex congenital heart disease underwent ablation of a non-automatic focal atrial tachycardia (NAFAT) in the pulmonary venous atrium by means of a retrograde aortic 
approach with robotic magnetic-guided ablation. She was born with asplenia, a left-sided liver, right atrial isomerism, an unbalanced atrial septal, hypoplastic left ventricle, double outlet right ventricle 
(RV), bilateral superior vena cavae (SVC), and bilateral inferior vena cavae (IVC). She underwent a series of cardiac surgeries that included right and left Glenn shunts and an intracardiac tunnel Fontan 
that directed flow from both IVCs to the main pulmonary artery. Shown on the left-sided panel are the intra-atrial Fontan, two SVCs connected to right (RPA) and left (LPA) pulmonary arteries, right atrial 
appendage (RAA), common atrioventricular (AV) valve, both IVCs, a left-sided hepatic vein, and location of the His bundle. The left-sided panel shows a schematic view of the retrograde aortic trajectory of 
the magnetic-guided ablation catheter at the site of her NAFAT along scar in the pulmonary venous atrium. The red sphere indicates the site of successful ablation.
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with robotic magnetic navigation.15 Forty-eight procedures involved 
complex access such as a baffle or interrupted inferior vena cava in 
which retrograde aortic and/or superior venous access were used 
exclusively. Success rates were similar to the control group with 
simpler forms of CHD who underwent manual procedures (N=60; 
P=0.8). Complications were limited to one femoral arteriovenous 
fistula requiring thrombin injection and a hemothorax related to 
central line insertion during anesthesia. Fluoroscopy times were 
significantly shorter with robotic magnetic navigation (median 4.2 
minutes; P<0.001). The authors concluded that robotic magnetic 
navigation was feasible and safe, with very low fluoroscopy exposure 
even in patients with complex anomalies.

Need for an international registry

To date, robotic magnetic-guided catheter ablation outcomes have 
not been systematically assessed in patients with CHD beyond single-
center case series. As such, a 2016 joint Pediatric and Congenital 
Electrophysiology Society (PACES)/Heart Rhythm Society (HRS) 
expert consensus statement issued a class IIB recommendation based 
on level B evidence stating that a robotic magnetic navigation system 
might be reasonable for catheter ablation of tachyarrhythmias in 
complex CHD with difficult intracardiac anatomy or vascular access.16 

Additional evidence is, therefore, required to clarify the role of robotic 
ablation in the management of arrhythmias in patients with CHD. 
Considering that arrhythmias are the most common complication 
encountered in the growing population with CHD, that catheter 
ablation plays a prominent role in treating these arrhythmias, that 
numerous challenges hinder successful standard manual interventions, 
and that robotic ablation offers a well-adapted technological solution 
to overcome these obstacles, a large multicenter study is required to 
more definitively establish the role of magnetic-guided ablation in 
patients with CHD.

Study Design
Study Overview

The ROBOtic Transcatheter ablation In Congenital heart 
disease (ROBOTIC) registry is a collaborative endeavor from the 
Pediatric and Congenital Electrophysiology Society (PACES) and 
International Society for Adult Congenital Heart Disease (ISACHD). 
An overview of the study protocol is summarized in Figure 2. The 
registry consists of 2 phases: retrospective (Phase I) and prospective 
(Phase II). Phase I will retrospectively enroll 400 patients with CHD 

Adapted with permission from Warnes CA et al. Circulation. 2008;118:e714-833.25

Table 1: Classification of congenital heart disease complexity

Complexity Type of Congenital Heart Disease

Simple

Native disease
    Isolated congenital aortic valve disease
    Isolated congenital mitral valve disease (except parachute valve, cleft 
    leaflet)
    Small atrial septal defect
    Isolated small ventricular septal defect (no associated lesions)
    Mild pulmonary stenosis
    Small patent ductus arteriosus
Repaired conditions 
    Previously ligated or occluded ductus arteriosus
    Repaired secundum or sinus venosus atrial septal defect without residua
    Repaired ventricular septal defect without residua

Moderate

Aorto-left ventricular fistulas
Anomalous pulmonary venous drainage, partial or total
Atrioventricular septal defects, partial or complete
Coarctation of the aorta
Ebstein anomaly
Infundibular right ventricular outflow obstruction of significance
Ostium primum atrial septal defect
Patent ductus arteriosus, not closed
Pulmonary valve regurgitation, moderate to severe
Pulmonary valve stenosis, moderate to severe
Sinus of Valsalva fistula/aneurysm
Sinus venosus atrial septal defect
Subvalvular or supravalvular aortic stenosis
Tetralogy of Fallot
Ventricular septal defect with:    
    Absent valve or valves
    Aortic regurgitation
    Coarctation of the aorta
    Mitral disease
    Right ventricular outflow tract obstruction
    Straddling tricuspid or mitral valve
    Subaortic stenosis

Complex

Conduits, valved or nonvalved
Cyanotic congenital heart disease, all forms
Double-outletventricle
Eisenmenger syndrome
Fontan procedure
Mitral atresia
Single ventricle (also called double inlet or outlet, common, or primitive)
Pulmonary atresia, all forms
Pulmonary vascular obstructive disease
Transposition of the great arteries
Tricuspid atresia
Truncus arteriosus/hemitruncus
Other abnormalities of atrioventricular or ventriculoarterial connection not 
included above (e.g., crisscross heart, isomerism, heterotaxy syndromes, 
ventricular inversion)

Figure 2: Overview of study design

PRO indicates patient-reported outcome
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of any age who have undergone robotic magnetic-guided catheter 
ablation at a participating site. For this retrospective component, sites 
will be requested to systematically enroll all eligible CHD patients 
who have undergone catheter ablation using the magnetic-guided 
system in their center since January 2008. Data retrieved from medical 
records will be submitted to the coordinating center (MHICC) 
by electronic case report forms via the secure web-based REDCap 
software platform (Research Electronic Data Capture, Vanderbilt 
University, Nashville, TN). This platform allows for audit trails, 
automated export procedures, and procedures for data integration 
and interoperability with external sources. Since no patient visit is 
required and data will be transmitted devoid of patient identifiers, a 
waiver of consent will be requested for patients enrolled in Phase I.

Phase II will prospectively recruit 200 adults (≥18 years) with 
CHD who will undergo robotic magnetic-guided catheter ablation 
and consent to participate in the registry. Recruitment will occur 
over a 4-year period, with a minimum 1-year follow-up. Prior 
to undergoing catheter ablation, baseline characteristics will be 
recorded and patients will complete questionnaires on quality of 
life,17, 18 perceived health status,19, 20 psychological distress,21 sense 
of coherence,22 illness perceptions,23 and catheter ablation-specific 
metrics.24 Questionnaireson patient-reported outcomes (PROs)willbe 
repeated 1 year post ablation and at end of follow-up. Other than 
patient questionnaires, follow-up willcontinue as per usual care, with 
data collected on recurrences and additional interventions.Research 
staff at each site will enter data obtained from surveys and medical 
records into the REDCap database.

Objectives
Phase I

The primary objective of Phase I is to determine the safety and efficacy 
(acute and long-term) of robotic magnetic-guided catheter ablation in 
patients with CHD. Secondary objectives include describing patient 
and procedural characteristics (i.e., patient demographics, cardiac 
anatomies, number of arrhythmias induced, arrhythmias targeted, 
catheter access routes, image integration, procedural duration, 
fluoroscopy exposure, and radiofrequency ablation power settings).

Phase II
The primary objective of Phase II is to assess the impact of robotic 

magnetic-guided catheter ablation on PROs in adults with CHD, 
including quality of life, perceived health status,  psychological distress, 
sense of coherence, illness perception, and catheter ablation-specific 
PRO metrics. Secondary objectives include prospectively assessing 
safety and efficacy (acute and long-term) of robotic magnetic-
guided catheter ablation in patients with CHD. Moreover, factors 
associated with treatment failure and complications will be explored 
by combining patient-level data on subjects enrolled in both phases.

Inclusion/Exclusion Criteria
Phase I

Inclusion criteria for Phase I consist of a) presence of CHD defined 
as a gross structural abnormality of the heart or intra-thoracic great 
vessels that is actually or potentially of functional significance, including 
simple, moderate, and complex forms;25 and b) catheter ablation at 

Adapted with permission from Calkins H et al. Heart Rhythm. 2012;9:632-696.26

AV denotes atrioventricular; ECG, electrocardiogram; LBBB, left bundle branch block; PV, pulonary 
vein; TIA, transient ischemic attack

Table 2: Definitions of complications

Complication Definition

Major complication A major complication is a complication that results in 
permanent injury or death, requires intervention for 
treatment, or prolongs or requires hospitalization for more 
than 48 hours. 

Atrioesophageal fistula An atrio esophageal fistula is defined as a connection 
between the atrium and the lumen of the esophagus. 

Bleeding Bleeding is defined as a major complication if it requires 
and/or is treated with transfusion or results in a 20% or 
greater fall in hematocrit.

Cardiac tamponade/perforation Cardiac tamponade/perforation is defined as the 
development of a significant pericardial effusion during 
or within 30 days of undergoing an ablation procedure. 
A significant pericardial effusion is one that results in 
hemodynamic compromise, requires elective or urgent 
pericardiocentesis, or results in a 1-cm or more pericardial 
effusion as documented by echocardiography.

Esophageal injury Esophageal injury is defined as an erosion, ulceration, or 
perforation of the esophagus. 

Gastric motility/pyloric spasm 
disorders

Gastric motility/pyloric spasm disorder should be 
considered a major complication of ablation when it 
prolongs or requires hospitalization, requires intervention, 
or results in late disability, such as weight loss, early 
satiety, diarrhea, or GI disturbance.

Inadvertent AV block Inadvertent AV block could be transient or persistent. 
It is considered a major complication if it requires an 
intervention (i.e., temporary or permanent pacing) or is 
transient but prolongs or requires hospitalization for more 
than 48 hours.

Myocardial infarction Myocardial infarction in the context of catheter ablation 
is defined as the presence of any one of the following: 
1) ECG changes indicative of new ischemia (new ST-T 
changes or new LBBB), which persist for more than 
one hour; 2) development of new pathological Q waves 
on an ECG; 3) imaging evidence of new loss of viable 
myocardium or new regional wall motion abnormality.

Pericarditis Pericarditis should be considered a major complication 
following ablation if it results in an effusion that leads to 
hemodynamic compromise or requires pericardiocentesis, 
prolongs hospitalization by more than 48 hours, requires 
hospitalization, or persists for >30 days following the 
ablation procedure.

Phrenic nerve paralysis Phrenic nerve paralysis is defined as absent phrenic nerve 
function as assessed by a sniff test. 

Pulmonary vein stenosis Pulmonary vein stenosis is defined as a reduction of 
the diameter of a PV or PV branch. PV stenosis can be 
categorized as mild <50%, moderate 50%–70%, and 
severe ≥70%. Severe PV stenosis is considered a major 
complication.

Silent cerebral embolism Silent cerebral embolism is defined as an occlusion of 
a blood vessel in the brain due to an embolus that does 
not result in any acute clinical symptoms. Silent cerebral 
embolism is generally detected using a diffusion-weighted 
MRI.

Stroke or TIA post ablation TIA is defined as new focal neurological deficit with 
symptom resolution within 24 hours; neuroimaging 
without tissue injury. Stroke is defined as rapid onset of a 
focal or global neurological deficit with at least one of the 
following: change in level of consciousness, hemiplegia, 
hemiparesis, numbness or sensory loss affecting one side 
of the body, dysphasia or aphasia, hemianopia, amaurosis 
fugax, or other neurological signs or symptoms consistent 
with stroke. The duration of the deficit must be ≥24 hours 
or<24 hours if therapeutic intervention(s) were performed, 
neuroimaging documents a new hemorrhage or infarct, or 
the neurological deficit results in death.

Vagal nerve injury Vagal nerve injury is defined as injury to the vagal nerve 
that results in esophageal dysmotility or gastroparesis. 

Vascular access complication Vascular access complications include development of a 
hematoma, an AV fistula, or a pseudoaneurysm. 
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affecting cognitive abilities.

 Main Variables
The type of CHD will be categorized as simple, moderate, or 

complex according to a previously proposed classification scheme 
summarized in Table 1.25 Data on antiarrhythmic drug use will be 
collected prior to and following catheter ablation. For analyses of 
efficacy, acute success will be defined as successful ablation of all 
targeted arrhythmias, with non-inducibility of any regular sustained 
tachyarrhythmia at the end of the procedure and confirmation of 
electrical inexcitability with high output pacing (10 mAmp, 2 ms) and/
or bidirectional conduction block across linear lesions. Partial success 
will be defined as acute success in ablating the primary arrhythmia 
(i.e., presumed clinical culprit) but non-success in ablating at least 
one other inducible sustained regular tachyarrhythmia by virtue of an 
arrhythmia not being targeted or an ablation end-point not reached 
(i.e., lack of confirmation of electrical inexcitability or bidirectional 
block, or inducibility). For ablation of atrial arrhythmias, long-term 
success will be defined as freedom from any sustained atrial arrhythmia. 
Freedom from recurrence of targeted atrial arrhythmias will also be 
assessed. For ablation of ventricular arrhythmias, long-term success 
will be defined as freedom from any sustained ventricular arrhythmia, 
sudden death, resuscitated cardiac arrest, or appropriate implantable 
cardioverter-defibrillator (ICD) therapy. Freedom from arrhythmias 
off antiarrhythmic drugs post ablation will be assessed, as well as 
freedom from arrhythmias with or without antiarrhythmic drugs. 

In assessing safety, procedural complications will be classified as 
major or minor according to the 2012 expert consensus statement 
(Table 2).26 A major complication will be defined as a complication 
that results in permanent injury or death, requires intervention for 
treatment, or prolongs or requires hospitalization for more than 48 
hours. A summary of the PROs that will be assessed, their scales, and 
brief descriptions are summarized in Table 3. 

Statistical Considerations
Phase I

Data for Phase I will be presented as mean ± standard deviation or 
median and interquartile range for continuous variables as appropriate, 
and as frequencies and percentages for categorical variables. Analysis 
of Phase I data will primarily be descriptive and exploratory. The 
sample size of 400 was based on the number of potentially eligible 
patients determined by surveying interested sites. A sample size of 
400 would represent the largest cohort of CHD patients to undergo 
robotic magnetic-guided catheter ablation to date. It would allow for 
precise estimates of success and complication rates. For example, for a 
success rate between 70% and 95%, lower and upper 95% confidence 
limits should range within 2.6% and 4.7% of the point estimate. For 
complication rates between 1% and 10%, 95% confidence limits would 
be within 0.6% to 2.6% of the point estimate.

Phase II
As described above, data will be presented as mean ± standard 

deviation or median and interquartile range for continuous variables 
as appropriate, and as frequencies and percentages for categorical 

any age using robotic magnetic-guided navigation. Patients with 
isolated pulmonary hypertension or heart transplantation prior to the 
robotic magnetic-guided catheter ablation procedure will be excluded

Phase II
Inclusion criteria for Phase II consist of a) presence of CHD 

as defined above25; b) age >18 years; c) planned catheter ablation 
procedure using a robotic magnetic-guided system; and d) physical, 
cognitive, and language abilities required to complete self-reported 
questionnaires. Patients will be excluded in the event of isolated 
pulmonary hypertension, prior heart transplantation, or syndromes 

Table 3: Patient-reported outcomes

Questionnaire Scale Description

Quality of life

Linear analogue scale 
(LAS)

0-100 Vertical line: higher score reflects 
better quality of life

Satisfaction with life 
scale (SWLS)

5-35 5 statements with scores from 1 
to 7; higher score reflects better 
quality of life

Perceived health status

12-item Short-Form 
Health Survey version 
2 (SF-12); divided into 
physical (PCS) and mental 
(MCS) component scores

0-100 for both PCS and 
MCS

Higher score reflects better 
perceived health status
8 health domains:

•PCS: 1) Physical functioning;    
   2) Role participation with 
   physical health problems; 

        3) Bodily pain; 4) General   
        health

•MCS: 5) Vitality; 6) Social 
   functioning; 

         7) Emotional health; 8)  
         Mental health

Psychological distress

Hospital Anxiety (HADS-
Anxiety) and Depression 
(HADS-Depression) Scale 

0-21 for depression and 
anxiety

Higher score reflects greater 
psychological distress

Sense of coherence

Sense of coherence 
score – orientation to life 
questionnaire (SOC)

13-91 Higher score reflects higher 
sense of coherence 

• 3 components: 1)   
    Comprehensibility; 

          2) Manageability; 3)    
          Meaningfulness

Illness perception

Brief illness perception 
questionnaire (Brief IPQ)

0-80 Higher score reflects worse 
illness perception

•9 items: 1) Consequences;  
   2) Timeline; 

         3) Personal control; 
        4) Treatment control; 
         5) Identity; 6) Coherence;  
         7) Concern; 
         8) Emotional response; 
         9) Perceived causes

Catheter ablation specific 
PRO metric

Cardiff cardiac ablation 
patient-reported outcome 
measure (C-CAP) 

0-83 Higher score reflects worse 
outcomes

• 3 major scales: 1)   
   Symptom severity (45  
   points); 2) Frequency and  
   duration of symptoms (8   
   points); 3) Impact on life  
   (30 points)
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However, mapping with manual catheters may be impeded by 
vascular access issues (e.g., obstructions or anomalies) and cardiac 
anatomies (i.e., congenital anomalies or surgical sequelae). In some 
cases, the chamber of interest could be reached by manual catheters 
(either directly through the venous system, via a trans-septal/trans-
baffle/trans-caval puncture, or by a retrograde aortic approach) but, 
once there, suboptimal catheter maneuverability limits accuracy 
of mapping and the creation of effective catheter ablation lesions. 
In other instances, the arrhythmia may not be reachable at all by a 
manual approach without incurring substantial risks. 

These unique issues and special circumstances call for creative 
approaches to addressing arrhythmias in this patient population. 
Robotic magnetic-guided navigation provides an unmatched degree 
of catheter flexibility and maneuverability that overcomes major 
constraints associated with manual ablation in patients with CHD. 
Despite the favorable impression of congenital electrophysiologists 
who employ this technology, robotic magnetic-guided navigation 
requires rigorous assessment of safety and efficacy. The ROBOTIC 
PACES/ISACHD registry will address that void by providing 
the most comprehensive assessment of this technology applied to 
patients with CHD. Should it prove to be safe, effective across a broad 
spectrum of arrhythmias and underlying anatomies, and associated 
with a significant improvement in PROs, results from the registry 
carry the potential to have a major impact on improving patient 
outcomes. Implications may be far-reaching and include access to 
care and infrastructure planning to meet the needs of the growing 
and aging population with CHD.
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