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ABSTRACTS
ABSTRACT AP-517:
What do we know about the QT lately?
Friday, April 29, 2022
8:00 AM - 9:00 AM

AP-517-01
THE LIKELIHOOD OF CLINICALLY SIGNIFICANT QTC
PROLONGATION DURING LONG-TERM FOLLOW UP IN
PATIENTS WITH CONCEALED LONG QT SYNDROME AND
NORMAL QTC AT INITIAL PRESENTATION
Pyotr G. Platonov MD, PhD, FHRS; Pia Dahlberg MD;
Jorgen K. Kanters MD, PhD and Jonas Carlson
Background: Patients carrying genetic variants associated with
long QT syndrome (LQTS) who initially present with normal QTc
is a large and growing group of patients who are commonly
diagnosed during genetic cascade family screening. Long-term
progression of QTc interval in this patient group remains poorly
described.
Objective: To assess the risk of QTc prolongation during longterm follow-up in LQTS patients who have normal QTc at first
presentation.
Methods: ECGs from adult patients with LQTS followed up
at three tertiary care hospitals in Sweden and Denmark were
retrieved from regional ECG archives thaht contain ECGs
recorded for any reason both in-hospital and in outpatient
settings. Patients who had ECGs recorded after 16 years of
age with at least two years apart were included. QTc
(Bazett) was automatically calculated. Patients with QTc
under 450 ms in men or 460 ms in women (upper limits of
normal, ULN) at their first presentation were considered as
patients with concealed LQTS. The likelihood of observing
prolonged QTc above ULN, 480 ms and 490 ms thresholds
at any time during follow-up was calculated. Data presented
as median [interquartile range].
Results: Out of 207 patients meeting the inclusion criteria,
65 had concealed LQTS at first presentation (LQT1: n532,
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age 36 [22-55]; LQT2: n526, age 29 [18-45]; LQT3: n57,
age 36 [24-44]). In total, 1082 ECGs recorded from patients
with concealed LQTS were available for analysis with time
between the first and the latest ECGs 6 [3-10] years. Median
number of ECGs was 10 [6-20] per patient. During follow up,
35 patients (54%) had QTc remaining under ULN and only
10 (15%) demonstrated QTc prolongation in the interval 480499 ms (Figure). No significant differences between LQTS
genotypes were observed.
Conclusion: Review of large-volume digital ECG archives
reveals that vast majority of patients with LQTS who have normal
QTc at initial presentation does not demonstrate clinically
significant QTc prolongation.

AP-517-02
EFFECT OF INHALED ANESTHETICS ON RHYTHM
ABNORMALITIES IN TWIN INFANTS WITH SHORT QT
SYNDROME TYPE 2
Caridad M. de la Uz MD
Background: Short QT syndrome (SQTS) is a rare genetic
disorder which predisposes patients to a-fib, and sudden cardiac
death. We present the case of twin boys with SQTS type 2 who
underwent ICD implantation and had unexpected responses to
inhaled anesthetics with normalization of heart rhythm.
Objective:
Methods:
Results: Twins A and B are mono-di twins born at 26 5/7 weeks
by urgent c-section due to fetal bradycardia. At birth, HR was 4090 bpm and hypotension was noted. Dopamine and epinephrine
drips were initiated with improvement in BP and perfusion, but no
effect on HR. Atropine and isoproterenol were also ineffective at
raising HR. ECGs on both twins showed junctional bradycardia in
the 50-70’s with periods of sinus rhythm at 80-130 bpm (Fig. 1).
Echo showed normal cardiac structure and function on both.
Genetic testing revealed a pathogenic mutation in KCNQ1
(p.V141M) associated with SQTS type 2. Baseline ECGs
demonstrated a QT interval of ,300 msec and QTc of ,330
msec.
Quinidine was initiated with some improvement in bradycardia.
After discussion with parents, the decision was made to implant
epicardial ICDs once they reached approximately 6 kg. At 6
months of age Twin A was brought to the OR in a junctional
bradycardia at a rate of 49 BPM (Fig 2). On isoflurane he was
noted to be consistently in sinus rhythm in the 80’s without
intermittent reversion to junctional rhythm, which had not been
observed previously. He was transitioned to sevoflurane at 1
MAC and he remained in sinus rhythm, but the HR climbed to
104 bpm. Sevo was increased to 2 MAC and there was a dosedependent increase in HR to a rate of 112-118 bpm. A
comparable effect was noted in Twin B at the time of his ICD
implant.
Conclusion: In SQTS type 2, sinus bradycardia is attributed to
the gain of function in K+ channel Kv7.1, which forms part of the
IKs channel complex. In in-vitro studies isoflurane inhibits both
IKs and IKr while sevo preferentially inhibits IKs. Both anesthetics
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could thereby inhibit overactive K+ channels and result in
improvement in sinus bradycardia. There are no effective IV
medications to treat SQTS and associated sinus bradycardia is
often refractory to sympathomimetic medications. It is possible
that inhaled anesthetics may provide a temporizing rescue
therapy for Short QT patients with hemodynamically significant
and drug-refractory bradycardia.

AP-517-03
WHOLE EXOME SEQUENCING IDENTIFIES TWO NOVEL
EXTREMELY RARE CANDIDATE VARIANTS ASSOCIATED
WITH THE SHORT QT SYNDROME IN TWO LARGE
PEDIGREES
Boldizsar Kovacs MD
Background: Short QT syndrome (SQTS) is caused by
pathogenic variants predominantly in the KCNQ1, KCNH2,
KCNJ2 genes and genes encoding for different subunits of the
L-type calcium channel. Recently, a variant in the SLC4A3 gene
has been associated with the SQTS as well.
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Objective: To identify the genetic background causing SQTS
using whole exome sequencing (WES) and co-segregation
analysis in two large pedigrees.
Methods: Genetic testing of the index patient 1 and molecular
autopsy of the index patient two was performed using NGS.
Family screening was performed with cardiologic work-up and
genetic cascade screening.
Results: Index case 1 was diagnosed with SQTS at the age of 28
years after a syncopal event. Work-up revealed a markedly
shortened QTc interval (340ms). Family history revealed
peripartum death of one relative. Genetic testing of all known
implicated genes was initially negative. WES was performed,
which revealed a novel rare heterozygous missense variant
(p.(Arg370Cys)) in a highly conserved region of the SLC4A3
gene. Cardiac and genetic work-up of 5 relatives suggested cosegregation of the candidate variant (pedigree 1) with the SQTS.
Index case 2 had sudden cardiac death (SCD) at 17 years of age
and had a positive family history for SCD before the age of 40 in
three cases. A previously recorded 12-lead ECG revealed a QTc
of 340ms in the index patient. Post-mortem genetic testing of all
known implicated genes was initially negative. In light of our
previous findings, reanalysis was performed including the
SLC4A3gene, which revealed a second rare novel heterozygous
missense variant(p.(Ser1039Arg)). Cardiac and genetic work-up
of 10 relatives suggested co-segregation of the candidate variant
with the SQTS (pedigree 2).
Conclusion: WES and co-segregation analysis in two families
with the SQTS revealed two novel candidate variants in the
SLC4A3 gene with high penetrance. Alteration of the protein
encoded by the SLC4A3 gene may lead to increased intracellular
pH and shortened action potential duration leading to the SQTS.
Functional work-up of these two variants is under way.
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ABSTRACT CA-527:
Building a Better Lesion: Investigations into
Radiofrequency and Pulsed Field Ablation
Biophysics
Friday, April 29, 2022
8:00 AM - 9:00 AM

CA-527-01
THE EFFECT OF PULSED FIELD ELECTROPORATION ON
VENTRICULAR SCAR IN PRE-CLINICAL MODEL OF
MYOCARDIAL INFARCTION
Arwa Younis MD; Israel Zilberman DVM; Koji Higuchi MD;
Hagai Yavin MD and Elad Anter MD
Background: Pulsed-field ablation (PFA) is a rapid and
nonthermal energy with higher selectivity to myocardial tissue in
comparison to radiofrequency ablation. While it produces welldemarcated lesions in healthy ventricles, its effect on clinically
relevant scarred myocardium has not been well studied.
Objective: To examine the effect PFA on heterogenous
ventricular scar in a preclinical model of healed myocardial
infarction.
Methods: In 4 swine, myocardial infarction was created by
balloon occlusion of the left anterior descending artery. After a
survival period of 8-10 weeks, the LV endocardium was mapped
using an 8F bidirectional deflectable catheter with an expandable
conductive lattice electrode (Sphere-9Ô, Affera Inc.) and a
compatible electroaantomical mapping system as shown in
Figure 1. PFA (biphasic waveform of 61.3-2.0 kV) was delivered
at infarct border-zone sites identified by reduced bipolar voltage
(,1.5mV) and abnormal electrograms (Fractionated near field
potentials). Tissue capture during pacing (10mV/2msec) was
examined before and after ablation at each site. Animals were
survived for an additional 48 hours before histopathological
analysis.
Results: A total of 11 focal PFA applications were delivered in
infarct border-zone sites (2-3 per heart). PFA resulted in
elimination of near-field potentials and loss of tissue capture with
pacing. In infarct border-zones comprising of viable islands of
myocardium separated by collagen, fat, and calcium deposition,
PFA produced well-demarcated lesions (Figure 2). Lesion width
was 16.561.8, lesion depth was 6.661.5, and 72.8% of all
lesions were transmural. Importantly, PFA successfully ablated
viable myocardium both within the infarct and epicardial to the
infarct, affecting viable myocardium separated from the energy
source by scar tissue.
Conclusion: In a pre-clinical model of healed myocardial
infarction, PFA produced well-demarcated lesions that
successfully eliminated viable myocardium both within and
epicardial to the infarct. PFA may be a promising energy source
for rapid ablation of ventricular myocardium to treat scar based
ventricular tachycardias.

CA-527-02
LESION CHARACTERISTICS WITH HIGH POWER SHORT
DURATION AND CONVENTIONAL RADIOFREQUENCY
ABLATION WITHOUT TEMPERATURE CONTROL
Maria Terricabras MD; Grace Huang; Joy Sumin Park;
Eduardo Javier Sanhueza Gonzalez MD;
Paula Sanchez Somonte MD; Graham Wright MASC, PhD and
Atul Verma MD, FHRS
Background: During radiofrequency (RF) ablation, resistive
heating causes superficial heating and conductive heating (time
dependent) extends to deeper layers. High power short duration
(HPSD) ablation should result in wider but shallower lesions by
reducing conductive heating. However, if HPSD is delivered with
standard ablation catheters, the impact of irrigation rate is not
clear.
Objective: Assess the effect of different irrigation rates on lesion
formation, geometry and volume using HPSD ablation compared
with conventional ablation.
Methods: This study used an ex-vivo model consisting of a
circulating saline bath (37 C), an indifferent electrode, a
submersible cell load, porcine heart preparations, an Ampere
generator and a Flexability ablation catheter (Abbott,
Minneapolis, MN, USA). For HPSD, applications were delivered
at a power of 70W for 7 seconds maintaining 10-20g of force.
Conventional RF was 30W for 30 seconds (10-20g). Irrigation
was set at 6ml/min, 10ml/min, 15ml/min, 20ml/min and 30ml/min.
Ten lesions were created at each of the five different irrigation
settings using the two modalities. The tissue was stained with
Triphenyl tetrazolium chloride (TTC) and a digital precision
caliper was used to measure every lesion.
Results: Irrigation rate did not change the lesion depth using
HPSD or conventional ablation (p50.3; p50.2 respectively).
However, lesion width decreased with higher irrigation rates
(p,0.001). Consequently, lesion volume was also lower
(p50.008) at higher irrigation. These findings were not seen
using conventional ablation where there was no significant
impact on the lesion volume (p50.1).Lesions using HPSD were
shallower (3.260.6mm vs 4.960.8mm; p,0,001) and had
smaller volume (80629mm vs 202683mm; p,0,001) vs
conventional. Lesion shape was different: conventional ablation
showed maximum width in the sub-endocardium and HPSD on
the endocardial surface.
Conclusion: Higher irrigation rate does not result in deeper
lesions but has a direct impact on the lesion width and volume
using HPSD. There is no benefit from using high irrigation rates in
HPSD ablation performed with non-temperature-controlled
catheters.
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CA-527-03
DOES HIGH POWER - SHORT RADIOFREQUENCY
ABLATION PRODUCE WIDER ATRIAL LESIONS ?
Atsushi Ikeda MD, PhD; Hiroshi Nakagawa MD, PhD;
Tushar Sharma MD, MPH; Assaf Govari PhD; Jennifer Maffre MS;
Kristine Fuimaono BS; Yoshimori An MD;
Katsuaki Yokoyama MD, PhD; Naoya Matsumoto MD, PhD and
Warren M. Jackman MD, FHRS
Background: It has been proposed that high power-short
duration RF applications produce wider but shallower atrial
lesions, compared to moderate power-moderate duration RF
applications.
Objective: To compare atrial lesion size and the incidence of
steam pop between RF ablation at 90Watts/4sec, 50Watts/10sec
and 30Watts/30sec in the canine beating heart.
Methods: Six dogs were studied closed chest. 7.5 Fr ablation
catheters with a 3.5 mm electrode and 66 or 56 small irrigation
holes (QDOT MICRO or THERMOCOOL SMARTTOUCH SF
Catheter, Biosense Webster) were positioned in the right atrium
(RA). RF was delivered at 2 separate sites at 90Watts for 4sec
(QDOT, 8 ml/min irrigation), 50Watts for 10 sec (SF, 15 ml/min
irrigation) and 30Watts for 30sec (SF, 8 irrigation ml/min), total 12
sites in the RA in each dog with contact force 6-22 (median 11) g.
After ablation, dogs were sacrificed and RF lesion size was
measured by TTC staining for maximum depth, maximum
diameter, endocardial diameter and epicardial diameter.
Results: Figure. No steam pop or thrombus occurred in any RF.
33/36 (92%) lesions were transmural in the atrial wall. There
was no significant difference in maximum diameter between
three groups. Endocardial diameter is smaller than epicardial
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diameter. Lesion depth was slightly smaller with 90W/4sec.
Lung lesions were observed at 1/12 (8%) sites with 90W/4sec,
4/12 (33%) sites with 50W/10sec and 5/12 (42%) sites with
30W/30sec.
Conclusion: Compared to moderate power-moderate duration
RF applications (30W/30sec), high power-short duration RF
applications (90W/4sec and 50W/10sec) did not produce wider
lesions. Ablation in the thin atrial wall resulted in transmural
lesions with all three ablation strategies.

CA-527-04
ASSOCIATION BETWEEN LESION SIZE AND FIELD
STRENGTH OF PULSED FIELD ABLATION
Mehrdad Emami MD; Lars M. Mattison PhD; Nicole Kirchhof;
Brian T. Howard BS, MS, PhD; Dennis H. Lau MBBS, PhD, FHRS;
Mark T. Stewart BSME and Prashanthan Sanders MBBS, PhD,
FHRS
Background: Electroporation using pulsed field ablation (PFA) is
emerging as a promising technology for pulmonary vein isolation.
Because of the atria’s thin wall, most of the ablations performed in
the atrium achieve transmural lesions. However, the association
between PFA field strength and lesion size is not well
documented.
Objective: To evaluate the association between PFA field
strength and lesion size
Methods: In this study, eight canines underwent bipolar PFA
ablations in the ventricles using three different PFA field
strengths. Eight dogs underwent right and left ventricular
ablations using 1100 V, 1300 V, and 1500 V. Energy was
delivered between a decapolar catheter placed either in the
coronary sinus or the left pulmonary artery and a standard RF
ablation catheter. Canines were humanely euthanized after the
ablations and underwent histological study.
Results: Thirty-three ablation were performed, and 30 lesions
were identified for histological examination. The mean lesion
depth was 5.561.9 mm for 1100 V (n511), 6.161.5 mm for
1300 V (n59), and 5.761.6 mm for 1500 V (n510, P . 0.05).
However, the lesion width has increased by incrementing field
strength from 6.961.1 mm to 8.661.1 mm and 9.862.5 mm
(Figure). The lesions created by higher doses of PFA were
significantly wider than those created with lower PFA doses.
Conclusion: This study has shown that the lesion depth was not
significantly correlated with PFA field strength; however, the
lesion width directly correlated with PFA field strength.
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ABSTRACT BS-512:
Contribution of Neuromodulation to Arrhythmias
Friday, April 29, 2022
9:15 AM - 10:15 AM

BS-512-01
PHARMACOLOGICAL SYMPATHETIC REINNERVATION
AFTER MYOCARDIAL INFARCTION PREVENTS
ARRHYTHMIAS IN THE MOUSE HEART
Lianguo Wang MD; Amanda M. Guevara MS;
Jessica L. Caldwell PhD; I-Ju (Eric) Lee MS;
Beth A. Habecker PhD and Crystal M. Ripplinger PhD, FHRS
Background: Sympathetic control of the heart plays a key role in
modulating cardiac function and electrophysiology. Sympathetic
hypo-innervation following myocardial infarction (MI) increases
risk for development of ventricular arrhythmias. We have
previously shown that chondroitin sulfate proteoglycans
(CSPGs) play a role in post-MI hypo-innervation by signaling
through the neuronal protein tyrosine phosphatase receptor s
(PTPs), and that genetic deletion of PTPs from the sympathetic
neurons of mice restores innervation and prevents arrhythmias
post-MI.
Objective: To investigate the effects of pharmacological
modulation of PTPs by the novel Intracellular Sigma Peptide
(ISP) on cardiac sympathetic innervation and electrophysiology
in the post-MI mouse heart.
Methods: MI was carried out in male and female mice (C57Bl6,
12-18 weeks old) with 45 min of ischemia followed by reperfusion.
Blinded treatment with either vehicle (VEH: 5% DMSO/saline IP)
or ISP (10mg/kg IP) was administered on days 3-10 post-MI.
Hearts were dissected and Langendorff-perfused 14 days postMI for electrophysiological studies (performed after 15 min of
equilibration, N54/group). Additional hearts (N55/group) were
used for immunohistochemistry studies to assess infarct size and
sympathetic innervation (via tyrosine hydroxylase [TH] staining).
Results: ISP treatment had no effect on infarct size compared to
VEH. VEH-treated hearts showed significant loss of TH+ fibers in
the infarct, whereas ISP-treated hearts did not. Ex vivo heart rate
was significantly higher in the ISP-treated compared to VEH
hearts (300.3634.9 vs. 180.3637.7 BPM, p50.003). Premature
ventricular contractions (PVCs) occurred in all 4 VEH-treated
hearts; bigeminy and ventricular tachycardia (VT) occurred in 1
VEH heart each. None of the ISP-treated hearts developed any
kind of ventricular arrhythmias, resulting in a significantly lower
arrhythmia score in ISP compared to VEH (060 vs. 1.7560.96,
p50.01).
Conclusion: Pharmacologic intervention by daily injection of ISP
post-MI prevents arrhythmias in the mouse heart, despite no
change in infarct size. These data suggest that restoring
sympathetic innervation to the infarct is anti-arrhythmic.

BS-512-02
AUTONOMIC NEUROMODULATION FROM RENAL
SYMPATHETIC DENERVATION PREVENTS ATRIAL
FIBRILLATION VULNERABILITY CAUSED BY CHRONIC
OBSTRUCTIVE SLEEP APENA IN A RABBIT MODEL
Li-Wei Lo MD, PhD; Yu-Hui Chou MS; Shin-Huei Liu MD;
Wen-Han Cheng MD; Wei-Lun Lin PhD and Shih-Ann Chen MD
Background: Obstructive sleep apnea (OSA) has been
reproducibly identified as an important risk factor for AF. Chronic
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OSA (COSA) induces a sympathetic overactivity and plays a
critical role in the initiation and maintenance of AF.
Objective: The aim of this study was to evaluate the autonomic
modulation effect of renal artery denervation (RDN) in the
treatment of AF in COSA.
Methods: Eighteen rabbits, randomized to sham control, COSA
and COSA receiving RDN groups. All rabbits were injected at the
tongue base under endoscopic guidance with normal saline
(sham control) or liquid silicone (COSA and COSA-RDN) 1
month prior to the experiment. Combined surgical and chemical
RDNs were approached through bilateral retroperitoneal flank
incisions in COSA-RDN two months prior to the experiment. The
atrial effective refractory period (ARP) and window of
vulnerability (WOV, the difference between the longest and
shortest coupling interval of the premature stimulus that induced
AF) during sleeping were measured. Immunoblots and
immunohistochemistry were evaluated after experiment.
Results: During sleep, the arterial PCO2 was higher in
COSA (69.363.4 mmHg), when compared to sham control
(50.568.0 mmHg, p50.006) and COSA-RDN (47.662.9
mmHg, p50.004) respectively. There were no differences of
ARPs of biatria among 3 groups (Fig A). Spontaneous
initiation of AF (Fig B) was found in 2 of 6 rabbits in COSA,
but not in other rabbits during sleep. The AF WOV was
elevated in COSA (33.868.8 ms), when compared to sham
control (5.763.0 ms, p50.01) and COSA-RDN (9.364.1 ms,
p50.04), respectively. There was an increase of tyrosine
hydroxylase nerve innervation in left atrium in COSA,
compared to sham control and COSA-RDN, whereas renal
catecholamine was decreased in COSA-RDN, compared to
sham control and COSA groups (Table). There were no
ionic channel protein expression differences among groups
(Fig C).
Conclusion: COSA increases the AF vulnerability with
spontaneous AF initiation. RDN attenuates the cardiac
sympathetic overactivity and catecholamine spillover, which in
turns ameliorates the atrial arrhythmogenesis.

S6

Heart Rhythm, Vol 19, No 5, May Supplement 2022

BS-512-03
HIGH-RESOLUTION STRUCTURE-FUNCTION MAPPING OF
INTACT HEARTS REVEALS ALTERED SYMPATHETIC
CONTROL OF INFARCT BORDER ZONES
Ching Zhu MD; Pradeep S. Rajendran MD, PhD;
Peter Hanna MD, PhD; Guy Salama PhD, FHRS;
Igor R. Efimov PhD, FHRS and Kalyanam Shivkumar MD, PhD,
FHRS
Background: Intramyocardial sympathetic nerve remodeling
after myocardial infarction (MI) contributes to adverse outcomes
such as sudden arrhythmic death, yet the underlying structural
mechanisms are poorly understood. This is partly due to
challenges in directly correlating high-resolution structural and
electrical data from the same heart.
Objective: We sought to examine microstructural changes on
the intact post-MI heart and to directly link these changes with
electrical dysfunction.
Methods: We developed a high-resolution pipeline for
anatomically precise alignment of electrical maps with structural
myofiber and nerve-fiber maps created by customized computer
vision algorithms.
Results: Using this integrative approach in a mouse model, we
identified distinct structure-function correlates to objectively
delineate the infarct border zone, a known source of post-MI
arrhythmias. During tyramine-induced sympathetic nerve
activation, we demonstrated regional patterns of altered electrical
conduction aligned directly with altered neuroeffector junction
distribution, pointing to potential neural substrates for cardiac
arrhythmia.
Conclusion: This study establishes a synergistic
framework for examining structure-function relationships
after MI with microscopic precision, which has potential to
advance understanding of arrhythmogenic mechanisms.

BS-512-04
TARGETED ATRIAL EXPRESSION OF NGF SHRNA
ATTENUATES NEW PARASYMPATHETIC AND
SYMPATHETIC NERVE SPROUTING AND RESULTING
DEVELOPMENT OF PERSISTENT ATRIAL FIBRILLATION IN
A CANINE MODEL - A NOVEL GENE THERAPY APPROACH
TO ATRIAL FIBRILLATION
Anna Pfenniger MD, PhD; Shin Yoo PhD; David Johnson;
Markus Rottmann PhD; Rod S. Passman MD, FHRS;
Bradley P. Knight MD, FHRS and Rishi Arora MD, FHRS
Background: The autonomic nervous system plays an important
role in development of atrial fibrillation (AF). We previously
showed marked autonomic remodeling in a canine rapid atrial
pacing (RAP) model of persistent AF. Nerve growth factor (NGF),
a neurotrophin essential for the growth and survival of peripheral
neurons, was upregulated in fibrillating atria. However, the role of
NGF in the development of autonomic remodeling in AF remains
to be demonstrated.
Objective: To prevent autonomic remodeling and development
of persistent AF in a canine RAP model of AF.
Methods: NGF shRNA was injected in the atria of 8 dogs
followed by electroporation to facilitate atrial gene delivery. The
animals were then subjected to RAP for up to 12 weeks. Time to
AF onset was determined. At the terminal EP study, episodes of
AF were recorded with high-density mapping in the posterior left
atrium (PLA), left atrial free wall (LAFW) and left atrial appendage
(LAA) for offline analysis of AF characteristics. Tissue of each
atrial region was harvested and used for immunohistochemistry
with markers for parasympathetic (acetylcholinesterase, brown)
or sympathetic nerves (dopamine beta-hydroxylase, blue).
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Results: After initiation of RAP, control animals developed
persistent atrial fibrillation (.8 hours) after a median of 14 days.
In contrast, NGF shRNA animals never developed this burden of
AF over the duration of the study. Residual AF recorded at time of
terminal EP study was slower (lower dominant frequency; PLA:
10.560.8Hz Vs 11.060.7Hz; LAFW: 9.760.8Hz Vs 10.460.7Hz;
LAA: 8.860.5Hz Vs 9.960.5Hz; two-way ANOVA p,0.001), less
fractionated (longer fractionation interval; PLA: 80.468.1ms Vs
68.165.2ms; LAFW: 79.369.3ms Vs 70.963.1ms; LAA:
87.967.8ms Vs 80.362.0ms; two-way ANOVA p,0.001) and
more organized (higher organization index and lower Shannon’s
entropy). Tissue analysis showed that RAP induced hypertrophy
of nerve bundles was significantly attenuated in dogs receiving
NGF shRNA. This decrease in bundle size was accompanied by
a significant decrease in parasympathetic and sympathetic fibers
in the atrial myocardium.
Conclusion: Targeted inhibition of atrial autonomic remodeling
by NGF shRNA prevents development of persistent AF. Future
optimization of this approach may lead to a novel, mechanismguided therapy for AF.

ABSTRACT CA-528:
Experimental and Clinical Research into
Esophageal Protection from Ablation Related Injury
Friday, April 29, 2022
9:15 AM - 10:15 AM

CA-528-01
PATTERNS OF ESOPHAGEAL TEMPERATURE CHANGE
PREDICT ESOPHAGEAL THERMAL INJURY IN CATHETER
ABLATION FOR ATRIAL FIBRILLATION
Tanzina Afroze; Yaacoub Chahine; Fima Macheret;
Mahbod Jafarvand; Patrick Boyle and Nazem Akoum
Background: Esophageal luminal temperature (ELT) monitoring
during catheter ablation for atrial fibrillation (AF) is widely used to
reduce the incidence of esophageal thermal injury (ETI).
Objective: We investigated whether specific patterns of
temperature variation are associated with ETI.
Methods: We conducted an observational study on patients with
paroxysmal or persistent AF undergoing radiofrequency (RF) or
cryoballoon ablation (CBA) at the University of Washington
between September 2019 and November 2021. The CIRCA-S
multi-sensor probe (Circa Scientific) (panel A) was used to record
high-fidelity ELT. Patients underwent upper endoscopy one day
after ablation. ELT data were analyzed for patterns associated
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with ETI, including maximum and minimum temperature, number
of peaks above 37 C (panel B), troughs below 30 C (panel C),
number of spikes, area under the temperature curve (panel D).
Results: A total of 78 patients (61.5% paroxysmal AF; 30.8%
female) were included. Among them, 61 patients underwent RF,
and 17 patients CBA. ETI was detected in 10 patients (12.8%).
Patients with ETI had a higher number of peaks or troughs
recorded (3.361.7 vs. 2.2561.11, p50.041) and a lower area
under the curve (632.96681.27 vs. 1393.4461761.97,
p50.038). Logistic regression analysis revealed that the total
number of peaks/troughs was associated with an odds ratio [OR]:
1.78 for increased risk of ETI (confidence interval [CI]: 1.1 - 2.87;
p50.02), while the area under the curve’s OR was 1.65; ([CI]:
1.01 -2.72; p50.048).
Conclusion: The number of peaks/troughs and the area under
the temperature curve recorded during ELT are associated with
an increased risk of ETI. Prospective studies guided by these
parameters are needed to demonstrate their efficacy in reducing
ETI.

CA-528-02
SHORT-TERM NATURAL COURSE OF ESOPHAGEAL
THERMAL INJURY AFTER RADIOFREQUENCY CATHETER
ABLATION FOR ATRIAL FIBRILLATION
Yuki Ishidoya MD; Eugene Kwan; Derek J. Dosdall PhD, FHRS;
Leenhapong Navaravong MD, FHRS; Christopher A. Groh MD;
Benjamin A. Steinberg MD, MHS, FHRS; T. Jared Bunch MD,
FHRS and Ravi Ranjan MD, PhD, FHRS
Background: Although esophagogastroduodenoscopy (EGD) is
a good modality for assessing post ablation esophageal thermal
injury (ETI), few details are known about the short-term healing or
progression of esophageal injury.
Objective: Provide further insight into the short-term natural
history of ETI and clinical outcome based upon repeated EGD
imaging with use guided by late-gadolinium enhancement
magnetic resonance imaging (LGE MRI).
Methods: A retrospective analysis of 378 patients who
underwent EGD based on the findings on the esophagus by postablation LGE MRI imaging after left atrium radiofrequency
ablation for atrial fibrillation from 2010-2019 at our institution. We
defined ETI according to the Kansas City classification (type 1:
erythema, 2a: superficial ulcers, 2b: deep ulcers, 3a: perforation
without communication with the atria, 3b: perforation with
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atrioesophageal fistula, AEF). Repeated EGD was performed
within 1-14 days after the first EGD until healing signs were
observed.
Results: Esophageal lesions were detected by initial EGD in 62
patients (mean age; 64.2 6 13.0, female; 43.5%, 21%; type 1,
50%; type 2a, 29%; type 2b) and 43 patients underwent repeated
EGDs. In these 43 patients, all lesions showed healing signs in
repeated EGD within 14 days after ablation but one type 2b lesion
which showed enlarging injury in repeated EGD and finally
developed into an AEF.
Conclusion: We showed that all ETIs which did not progress to
AEF showed signs of healing in repeated EGD within 14 days
after the procedure. Worsening ETI diagnosed by repeated EGD
may be a sign for developing esophageal perforation and provide
the basis for more aggressive treatment strategy to lower risk of
AEF.
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Results: Of the 20,000 oesophageal temperature control
devices used, 7120 were recorded as having been used for the
purpose of esophageal protection during left atrial catheter
ablations. A total of 5 events associated with the device were
identified, all from the MAUDE database. Three were from 2017,
one from 2018, and one from 2019. All involved its use in critical
care or trauma patients and were related to user error or
contraindicated patient selection; none resulted in serious harm
to the patient. No adverse events occurred related to its use
during left atrial catheter ablations. No case of clinically
significant esophageal injury was reported in a patient who had
been protected by the esophageal temperature control device.
Conclusion: Real world registry data has shown no adverse
events reported to date in 7120 uses of an esophageal
temperature control device during left atrial catheter ablations, for
the purpose of active thermal protection.

CA-528-04
ANTERIOR WALL TEMPERATURE OF ESOPHAGUS
DURING CATHETER ABLATION OF THE LA POSTERIOR
WALL IS MARKEDLY HIGHER COMPARED TO LUMINAL
TEMPERATURE
Blair Holman; Christopher Barrett MD; Lukasz Cerbin MD;
James Arthur Mann MD; Alexis Z. Tumolo MD;
Matthew M. Zipse MD; Lohit Garg MBBS, MD; Johannes C. von
Alvensleben MD, CEPS-P; Ryan G. Aleong MD, FHRS;
Michael A. Rosenberg MD; Paul D. Varosy MD, FHRS;
Wendy S. Tzou MD, FHRS and Amneet Sandhu MD

CA-528-03
A REGISTRY REVIEW UPDATE OF 7120 CATHETER
ABLATIONS FOR ATRIAL FIBRILLATION USING A
DEDICATED ESOPHAGEAL TEMPERATURE CONTROL
DEVICE FOR PROTECTION
Lisa WM. Leung MBChB; Zaki Akhtar; Abhay Bajpai MD;
Zia Zuberi PhD; Anthony Li BS, MBBS, MD; Mark Norman;
Riyaz A. Kaba MBChB; Manav Sohal MBBS and
Mark M. Gallagher MD
Background: Esophageal protection using a dedicated device to
provide controlled active thermal protection of the esophagus
during atrial fibrillation ablation has been shown to be effective.
Randomized evidence from the IMPACT trial showed an 83.4%
reduction in endoscopically detected esophageal lesions
compared to standard care. Real world registry data of this
device has been under review.
Objective: To determine the safety of an esophageal
temperature control device by an updated review of real-world
registry data on its clinical use and any reported device-related
adverse events.
Methods: The following databases were reviewed for any
reported esophageal temperature control device-related
complications: The United States Food and Drug Administration
(FDA) Manufacturer and User Facility Device Experience
(MAUDE), FDA Medical and Radiation Emitting Device Recalls,
the Medicines and Healthcare products Regulatory Agency
(MHRA) Medical Device Alerts and SwissMedic records of Field
Safety Corrective Actions (FSCA). An internal registry (postmarketing follow up) database maintained by the manufacturer of
the device was used to quantify the number used for each
indication. Reported events underwent an updated review
including any instances of device-related adverse events when
used during catheter ablations.

Background: Esophageal injuries (ulceration, denuding of
tissue or fistula development) are well-known complications from
catheter ablation. Few studies have evaluated energy transfer
between the posterior wall of the left atrium (LA), interstitium and
esophagus.
Objective: To study energy transfer and lag time between
tissues, we developed a porcine ex vivo heart-esophageal model
to evaluate temperatures at critical regions during catheter
ablation of the posterior LA wall.
Methods: We built a heart-esophageal model to perform ex vivo
catheter ablation on the posterior wall of the LA, with juxtaposed
interstitial tissue and esophagus. Circulating saline (3.5-5 L/min)
was used to mimic blood flow along the LA and alteration of ionic
content to vary impedance. Thermistors along the region of
interest were used to analyze temperature gradients. Varying
time and power, multiple RF ablations were applied with an
externally irrigated ablation catheter. Ablation strategies were
divided into standard approaches (SA, 25-35W, 30s) or highpower short duration (HSPD, 40-50W, 10s).
Results: At contact forces ranging from 10-15g, for both SA and
HSPD, maximum temperature rise from baseline was markedly
higher at the anterior wall (AW) of the esophagus compared to the
esophageal lumen (SA: 3.47 C vs. 0.98 C; HPSD: 2.51 C vs.
0.31 C). Compared to HPSD (Figure), SA approaches exhibited
significantly higher temperature rise (relative to baseline) at both
the AW (3.47 C vs. 2.51 C, p,0.01) and within the esophageal
lumen (0.98 C vs. 0.31 C, p,0.02). For SA, time from ablation
onset to a 1 C rise from baseline was 19.2 sec longer in the
lumen relative to AW (45.25 sec vs. 26.04 sec, p,0.05). For
HPSD, time from ablation onset to a 0.5 C rise from baseline was
34.8 sec longer in the esophageal lumen relative to AW (39.10
sec vs. 4.31 sec, p,0.005).
Conclusion: Compared to HSPD, SA exhibits significantly
higher AW and esophageal lumen temperature rises. From
baseline, rise in AW temperature is .2 C compared to the lumen
with both approaches. Significant lag time exists between
ablation onset and temperature rise measured at the AW and
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esophageal lumen. With rapidly evolving ablation technologies,
these data support further study to reduce inadvertent injury to
juxtaposed tissue, improve safety, and enhance efficiency.
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time of reentrant exit from the PV sleeve) was remarkably
consistent between patients (125+46ms, range 30-260 ms,
n5282). Higher outgoing frequencies were associated with
repeated cycles of reentry (1 incoming wave generating 2 or more
reentrant outgoing WF) and elevated phase entropy (R2 5 0.94
and 0.93, respectively, p,0.001). The median ratio of incoming to
outgoing PV activity was 1.14 (LQ50.84, UQ51.88). In 6/11 PVs
(55%) the R was .1 (Mean 1.7760.54, maximum 2.68).
Conclusion: Electrical activity generated by PV sleeves during
PeAF is due mainly to macroscopic reentry initiated by incoming
waves, frequently with a ratio.1. That is, the PVs act less as AF
drivers than as “echo chambers” which sustain and amplify
fibrillatory activity.

CE-520-02
ELECTRO-ANATOMIC REPOLARIZATION MAPPING WITH
ORTHOGONAL BIPOLES AND MULTI-ELECTRODE
ARRAYS: THE NEXT FRONTIER IN CATHETER
TECHNOLOGY

ABSTRACT CE-520:
Novel Arrhythmia Insights and Mapping Techniques
Friday, April 29, 2022
9:15 AM - 10:15 AM

CE-520-01
PULMONARY VEIN MYOCARDIAL SLEEVES ACT AS
AMPLIFIER SITES DURING PERSISTENT ATRIAL
FIBRILLATION: A HIGH DENSITY PHASE MAPPING STUDY
Ahmed Al-Kaisey MBChB; shu meng;
Ramanathan Parameswaran MBBS; Robert Anderson MBBS;
Joshua Hawson; Troy M. Watts BS, CCDS; David Budgett BENG;
Bruce H. Smaill PhD and Jonathan M. Kalman MBBS, PhD, FHRS
Background: The mechanisms underlying persistent AF (PeAF)
remain poorly defined. Although the substrate is not limited to the
pulmonary veins (PVs), PV isolation (PVI) remains the best
ablation strategy in PeAF.
Objective: To characterise the mechanisms of electrical activity
originating in the PV sleeves during PeAF.
Methods: Eleven patients presenting for first time ablation for
PeAF were recruited (63.1 6 10.9 years, 91% males). Prior to
PVI, a 64 electrode catheter (ConstellationTM; 38 mm) was
introduced into the left atrium (LA) via trans septal access and
positioned within the PV including the antral region under
fluoroscopic guidance. A robust inverse mapping technique was
used to reconstruct unipolar atrial EGMs on the PV surface and
the resulting phase maps were used to identify incoming and
outgoing wavefronts (WF) at the PV junction (reentry), and focal
and rotor activity originating within the PV sleeves. These events
were overlaid on phase entropy-time plots that reflect activation
and repolarization heterogeneity across the PV surface. Data
were analysed over 10 secs periods and are presented as
median [LQ; UQ] or mean+SD, if normally distributed.
Results: During PeAF, the PVs gave rise to outgoing WF with
frequency 3.7Hz [3.4; 5.4]. The most common mechanism
generating outgoing WF was circuitous macroscopic reentry
where an incoming WF generated one or more outgoing WF
(frequency of reentry 2.7Hz [1.9; 3.3] compared with focal activity
1.4Hz [1.05; 1.5] (p,0.001). Rotors within the PV sleeve were
rarely observed. Reentrant delay (time from wave-front entering to

Stephane Masse MASC, PE; Ahmed Niri BENG; John Asta;
Mohammed Ali Azam; Patrick F.H. Lai MSci;
Karl Magtibay BENG, MASC; D. Curtis Deno MD, PhD and
Kumaraswamy Nanthakumar MD
Background: Sites of steep repolarization gradients have been
attributed to arrhythmogenesis. However, identifying these
regions during clinical mapping has not materialized. Activation
interval recovery (ARI), monophasic action potential (MAP) and
optical mapping are not practical for clinical usage during ablation
procedure. Clinical repolarization mapping has not been
practically viable largely due to instrumentation and signal
processing challenges. We developed here a repolarization
mapping technology from orthogonal bipole derived vector loops
in multielectrode array and the time projection of the
repolarization loop electrogram (loop derived repolarizationoptimized egm, (rEGM), for assessment of repolarization on
mapping arrays.
Objective: We hypothesised that rEGM provides vector derived
integrated action potential duration (APDV) that correlates with
local repolarization assessed by optical mapping.
Methods: Simultaneous optical mapping and epicardial mapping
with Abbott AdvisorTM HD Grid was performed in 4 rabbit
Langendorff experiments. Unipolar egms from 4 electrodes
forming a square in the middle of the grid were recorded and
intra-cardiac vectorcardiogram loops computed from orthogonal
derived bipoles. rEGM was obtained by projecting the
repolarization loop along its maximum axis. Epicardial waves
propagating in different direction and pinacidil was added to alter
APD. APDV was measured from the onset of QRS to baseline
return of rEGM. rEGM derived APDV were compared with
fluorescence signals and optical APD90 measured in the middle
of the electrode clique.
Results: A total of 61 pairs of APDV measurements were
performed. Baseline conditions showed an VAPD average of
142ms versus APD90 of 151ms. After 20uM addition of pinacidil
ARI and APD were reduced to 68ms and 89ms respectively.
Linear correlation between APDV and APD90 showed a R2 of
0.7134 and a slope of 0.9540.
Conclusion: These results suggests that multi-electrode arrays
with orthogonal bipoles could provide intra-electrode cardiac
vector loops that enable local APD measurements for mapping
utility. This concept ushers an era of using multi-electrode arrays
to perform repolarization mapping and create 3D electroanatomic repolarization maps to identify regions of steep
repolarization gradients.
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Conclusion: Greater concordance between EA and ERS is
associated with higher odds of successful OT PVC ablation.
Visualization of far-field signals via Ripple mapping may offer
localization information complementary to activation mapping for
PVCs of mid-myocardial origin.

CE-520-03
CE-520-04
USE OF RIPPLE MAPPING TO ENHANCE LOCALIZATION
AND ABLATION OF OUTFLOW TRACT PREMATURE
VENTRICULAR CONTRACTIONS
Kelly Arps MD; Adam S. Barnett MD; Jason I. Koontz MD, PhD;
Sean D. Pokorney MD, MBA; Kevin P. Jackson MD;
Tristram D. Bahnson MD, FHRS; Jonathan P. Piccini MD, MHS,
FHRS and Albert Y. Sun MD
Background: Mapping outflow tract (OT) premature ventricular
contractions (PVCs) can be difficult given a frequent midmyocardial origin. Compared to local activation time mapping,
CartoÒ Ripple Mapping provides visualization of both far field
and near field signals independent of local annotation that may
enhance PVC localization.
Objective: To evaluate the utility of Ripple mapping to localize OT
PVCs.
Methods: Electroanatomic maps for consecutive OT PVC
catheter ablation cases (July 2018-December 2020) were
analyzed. For each PVC, we identified the earliest local activation
point (EA), defined by the point of maximal -dV/dt in the unipolar
electrogram (EGM) within each corresponding bipolar EGM, and
the earliest Ripple signal (ERS), defined as the earliest point at
which 3 grouped simultaneous Ripple bars appeared. Procedural
success was defined as full suppression of the targeted PVC.
Results: 57 PVC maps were included. When ERS was in the
same chamber (right ventricle, left ventricle, or coronary sinus) as
EA, procedural success was 84%, versus 29% when discordant
(p ,0.01) (Figure). Site discordance had an odds ratio for
needing multisite ablation of 7.9 (95% confidence interval
1.4-4.6; p 5 0.02) and for unsuccessful procedure of 13.1
(2.2-79.9; p,0.01). Median EA-ERS distance in successful and
unsuccessful cases was 4.6 mm (interquartile range 2.9, 8.5) vs
12.5 mm (7.8, 18.5); (p,0.01). Positive predictive value for
successful ablation with EA-ERS distance ,10mm was 90%
(79-95%, p,0.01).

FORWARD-SOLUTION COMPUTATIONAL ARRHYTHMIA
SOURCE MAPPING: THE VMAP STUDY
David E. Krummen MD; Christopher T. Villongco PhD;
Gordon Ho MD; Amir A. Schricker MD; Michael E. Field MD;
Kevin Sung MD, MS; Katherine A. Kacena PhD;
Melissa S. Martnson PhD, MS; Kurt S. Hoffmayer MD, PharmD;
Jonathan C. Hsu MD, MAS; Farshad Raissi Shabari MD, MPH;
Gregory K. Feld MD; Andrew D. McCulloch PhD and
Frederick T. Han MD
Background: The accuracy of arrhythmia source localization
using a forward solution computational mapping system has not
yet been evaluated in blinded, multicenter analysis.
Objective: The study tested the hypothesis that a computational
mapping system using a comprehensive arrhythmia simulation
library would provide accurate localization of the site of origin for
atrial and ventricular arrhythmias and pacing using the 12-lead
ECG compared with the gold standard of invasive
electrophysiology study and ablation.
Methods: The VMAP study was a blinded, multicenter evaluation
with final data analysis performed by an independent core
laboratory. Eligible episodes included atrial and ventricular:
tachycardia (VT), fibrillation, pacing, premature complexes
(PACs and PVCs; figure panel A); and orthodromic
atrioventricular reentrant tachycardia. Forward solution mapping
system results (panel B) were compared with the gold standard
site of successful ablation or pacing during invasive
electrophysiology study and ablation (panel C). Mapping time
performance was assessed from timestamped analysis logs.
Pre-specified performance goals were used for statistical
comparisons.
Results: A total of 255 episodes from 225 patients were enrolled
from 4 study centers. Regional accuracy for VT and PVCs in
patients without significant structural heart disease (n575,
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primary endpoint) was 98.7% (95% CI: 96.0-100%, p,0.001 to
reject study null hypothesis, panel D). Regional accuracy for all
episodes (secondary endpoint 1) was 96.9% (95% CI: 94.799.0%, p,0.001). Accuracy for the exact or neighboring segment
for all episodes (secondary endpoint 2) was 97.3% (95% CI:
95.2-99.3%, p,0.001). Median center-to-center spatial accuracy
was 15 mm (n5255, IQR: 7 - 25 mm, panel E). The mapping
process was completed in a median of 0.8 minutes (IQR: 0.4 - 1.4
minutes, panel F).
Conclusion: Computational ECG mapping using a forward
simulation approach exceeded prespecified accuracy goals for
arrhythmia source and pacing site localization. Spatial accuracy
analysis revealed clinically actionable results. This rapid, noninvasive mapping technology may facilitate catheter-based and
noninvasive arrhythmia therapies.

S11
echocardiographic data were assessed. Primary outcome was
the combined endpoint of time to death or heart failure
hospitalization (HFH) and analyzed using Cox proportional
hazards. Secondary outcomes were individual outcomes of
death and HFH.
Results: AVNA was performed in 223 patients (CSP 110; CP
113). Age 75610 years, men 52%, hypertension 67%, diabetes
25%, coronary disease 40%, LVEF 43615 % and baseline QRS
duration 111630ms. QRS duration increased from 103630ms to
124620ms (p,0.01) in CSP and 119632ms to 162624ms in CP.
During a mean follow up of 27619 months, LVEF significantly
increased from 46.5614.2% to 51.9611.2% (p50.02) in CSP
and 36.4616.1% to 39.5616% (p50.6) in CP. The primary
outcome of death or HFH was significantly reduced in CSP
compared to CP (48% vs 62%; HR 0.61, 95% CI 0.42-0.89,
p,0.01). There was no significant reduction in the secondary
outcomes of HFH and death in the CSP group compared to CP.
Conclusion: CSP is a safe and effective option for pacing in
patients with atrial fibrillation undergoing AVNA and may be
associated with reduction in HFH or death compared to CP.

CI-523-02

ABSTRACT CI-523:
Clinical Trials in CIEDs

A MULTICENTER RANDOMIZED COMPARISON BETWEEN
ULTRASOUNDS AND FLUOROSCOPIC GUIDANCE FOR
AXILLARY VEIN PUNCTURE FOR CARDIAC DEVICES
IMPLANTATION

Friday, April 29, 2022
9:15 AM - 10:15 AM

Sok-Sithikun Bun MD, PhD; Fabien Squara MD and
Philippe TAGHJI

CI-523-01
CONDUCTION SYSTEM PACING VERSUS CONVENTIONAL
PACING IN PATIENTS UNDERGOING AV NODE ABLATION:
NON-RANDOMIZED, ON-TREATMENT COMPARISON
Andrew Joseph Mathew DO; Faiz A. Subzposh MD;
Angela M. Naperkowski ASN, CCRN, RCIS, RN, FHRS, CCDS,
CEPS; Wilson Young MD, PhD; Parash Pokharel MD;
Syeda Atiqa Batul MBBS, MD; Randle H. Storm MD, FHRS,
CCDS; Jess W. Oren MD and Pugazhendhi Vijayaraman MD,
FHRS
Background: AV Node Ablation (AVNA) with right ventricular or
biventricular pacing (Conventional Pacing-CP) is an effective
therapy for patients with refractory atrial fibrillation. Conduction
System Pacing (CSP) using His bundle pacing or left bundle
branch area pacing preserves ventricular synchrony and may be
associated with better clinical outcomes.
Objective: The aim of our study is to compare the clinical
outcomes between CP and CSP in pts undergoing AVNA.
Methods: Patients undergoing AVNA at a large health system
between Jan 2015 and Oct 2020 were included in this
retrospective observational study. CP or CSP were performed at
the operators’ discretion. Procedural, pacing parameters and

Background: Axillary vein (AV) puncture, an emerging route for
cardiac implantable electronic devices (CIED), can be performed
under ultrasounds (US) or fluoroscopic (Fluo) guidance.
Objective: To compare US to fluroroscopy-guided AV puncture
in a multicenter randomized controlled trial.
Methods: Consecutive patients admitted for CIED (first implant
or upgrade, including resynchronization therapy) intervention
were prospectively randomized between US or Fluo guidance for
AV puncture in the three participating centers. Access
performances, radiation exposure and complications were
compared in both groups.
Results: 102 patients were included (n 5 51 patients per group).
The two groups had similar characteristics concerning age (79.4 6
10 years), and LVEF (47 6 17%). 92 leads were implanted in both
groups. AV catheterization was successful in 50/51 (98 %) in the
US group versus 49/51 in the Fluo group (96 %, p 5 0.56). AV
access time and procedure time were not different between the two
groups, respectively (156 6 274 in the US group versus 137 6 151
sec, p 5 0.66; 54 6 24 versus 61 6 26 min; p 5 0.13). Total
fluoroscopy time (FT) and dose-area product were respectively
lower in the US group, but without reaching significance: 197 6 231
versus 247 6 293 sec, p 5 0.32; 0.39 6 0.95 versus 0.75 6 1.58
mGy.m2, p 5 0.14. FT for AV access was significantly higher in the
Fluo group (51 6 55 sec versus 0, p , 0.0001). There were two
complications in each group during the 9 6 6 months follow-up.
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Conclusion: Our study demonstrates that both US and
fluoroscopy-guided AV catheterization for CIED are highly
effective and safe techniques. Despite similar AV access time,
compared to fluo guidance, US reduce time radiation exposure
by 20 %.
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Conclusion: The ControlRad system effectively reduces scatter
radiation exposure to the operators and patient during CEID
procedures without prolonging procedure times or complications.

CI-523-04

CI-523-03
REDEFINE-EP: A PROSPECTIVE, RANDOMIZED
EVALUATION OF THE CONTROLRAD SYSTEM TO REDUCE
RADIATION EXPOSURE DURING CARDIAC ELECTRONIC
IMPLANTABLE DEVICE PROCEDURES
Nishaki Mehta MD, FHRS; Joshua France BS; Kuldeep Shah MD;
Ilana B. Kutinsky DO, FHRS; Brian D. Williamson MD;
Anil K. Goel MD; Simon R. Dixon MBChB and
David E. Haines MD, FHRS
Background: The ControlRad (CR) system utilizes a dynamic
collimator that allows high resolution imaging in an operatorselected region of interest, with significant radiation dose
reduction for the remaining field of view.
Objective: The aim of this study was to evaluate the
effectiveness of the CR system to reduce scatter radiation during
cardiac electronic implantable device (CEID) procedures.
Methods: In a prospective, single center study, 90 patients
undergoing simple (single or dual chamber CEID) or complex (left
bundle pacing and biventricular CEID) procedures were
randomly assigned to undergo the procedure with or without the
CR system (CR5 43, No CR547). The primary study endpoint
was the scatter radiation dose to the primary operator measured
using a standard aluminum oxide badge and a real-time radiation
dosimeter badge. Secondary endpoints included the radiation
dose to the secondary operator and nurse anesthetist, and dosearea product (DAP).
Results: Of the 90 patients, 60 (67%) underwent simple and 30
(33%) underwent complex CEID procedures. For the primary
operator, the mean radiation dose at the thyroid position per case
was 63% lower in the CR arm (standard badge: 56 vs. 23 mSv).
For the second operator, the thyroid dose was also lower in the
CR arm (9 vs. 2 mSv, 81% reduction). The cumulative radiation
dose for the nurse anesthetist was too low to report meaningful
data. The median DAP was 68% lower in the CR arm (622 vs 196
mGym2). Using the real-time radiation dosimeter badge, relative
reduction in radiation dose for the primary operator was similar in
simple (57%) and complex (60%) procedures (Figure 1). The
mean procedure times were similar in CR vs. noCR (71 vs 66
mins, p50.6). There was no difference in complications between
study arms (p50.19).

CARDIAC RESYNCHRONIZATION THERAPY USING THE
SYNCAV ALGORITHM COMPARED TO CONVENTIONAL
BIV PACING: PRELIMINARY RESULTS OF THE DOUBLEBLIND, RANDOMIZED, MULTICENTER CLINICAL TRIAL
"CRUSTY-TRIAL"
ndara MD, PhD;
Jaume Francisco Pascual MD; Nuria Rivas-Ga
Raquel Adelino; Aurelio Quesada MD, PhD;
Inigo Sainz Godoy PhD; Pilar Cabanas; Emilce M. Trucco;
~ a Benito MD, PhD; Jose Ferrando;
Jordi Perez-Rodon; Begon
ndez-Armenta MD;
Victor Exposito MD, PhD; Juan Ferna
Alba Santos-Ortega and Ignacio Ferreira-Gonzalez; CRUSTY
trial investigators
Background: Some of the devices for cardiac resynchronization
therapy (CRT) have automatic algorithms to achieve ventricular
fusion, such as the SyncAVTM algorithm (Abbott). There are few
data on the possible clinical benefit of its use in clinical practice.
Objective: To assess whether cardiac resynchronization using
the SyncAVTM algorithm achieves greater electrical
resynchronization compared to a conventional biventricular
pacing (CVP).
Methods: The CRUSTY trial is a multicenter, randomized,
double-blind clinical trial to evaluate the superiority of CRT with
fusion using the SyncAVTM algorithm over CVP (with optimization
of AV and VV intervals) with a 6-month follow-up.
(ClinicalTrials.gov Identifier: NCT03961399). This sub-study
focuses on the data obtained at the inclusion and baseline visit to
assess the acute electrical response.
Results: From January 2019 to April 2021, 54 patients were
included in the 15 participating centers (mean age 66 6 9 years,
40% women). After 1: 1 randomization (Figure 1A), no significant
differences were observed in their baseline characteristics
(TABLE). After resynchronization, the duration of paced QRS in
SyncAV group was lower (137 6 4 MS VS 118 6 17 ms, p
,0.01), as well as the absolute (deltaQRS) and relative (%
deltaQRS) reduction of the QRS (29 6 23 ms Vs 52 6 19ms, p
,0.01; 17% vs 30%, p ,0.01 respectively) (FIGURE). The
number of “super-resynchronizers” (QRS ,120ms) was higher in
the SyncAV group (19% vs 63%, p ,0.01). In the multivariate
analysis, the use of the SyncAV TM algorithm was the only factor
that predicted a “super-resynchronizer” response type (OR 7.8;
95% CI 2-26)
Conclusion: Fusion CRT using the SyncAVTM algorithm
achieves greater electrical resynchronization compared to EBC
in the short term. We remain awaiting the results of the follow-up
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that allow us to evaluate the clinical benefit of this marked
electrical improvement.

ABSTRACT CE-521:
Understanding and manipulating the autonomic
nervous system
Friday, April 29, 2022
10:30 AM - 11:30 AM

CE-521-01
STELLATE GANGLION INSTRUMENTATION FOR
RECORDING AND STIMULATION IN PATIENTS WITH
VENTRICULAR ARRHYTHMIAS. PRELIMINARY
EXPERIENCE
Adi Lador MD; Sufen Wang PhD; Amish S. Dave MD, PhD and
Miguel Valderrabano MD
Background: Stellate Ganglion (SG) blockade is used for
controlling ventricular arrhythmias (VA). In animal models, SG
instrumentation with electrode catheters can allow stimulation
and recording cardiac sympathetic activity. Studies on direct
modulation and recording of the sympathetic nervous system in
human are lacking.
Objective: To assess the feasibility of SG stimulation (SGS) and
recording in humans undergoing VA ablation
Methods: Patients (n511) undergoing ablation procedures for
VAs underwent bilateral SG recording and stimulation. Under
ultrasound guidance, a 2F octapolar catheter was advanced in
the SG at the C7 level. Signals were recorded at 30 kHz and
filtered at 0.5-2kHz bandpass. Nerve activities were defined as
a 3-fold increase in the amplitude over baseline. Stimulation
was performed up to 80 mA output (50 Hz, 2 ms pulse width) for
20-30 s.
Results: Eleven patients (age 63 6 12.7 years; 82.7% men) with
ischemic ventricular tachycardia (VT) (4, 36%), nonischemic VT
(5, 45%), and PVCs (2, 18.2%) were included. Stimulation
catheter placement was successful without complications in all
patients. SGS caused significant increase in the systolic blood
pressure (Fig A-B). More after right than left SGS. SGS induced
PVCs in 2 patients and VF in 1. We were able to record SG firings
preceding VF in a patient with primary VF in the context of
ischemic cardiomyopathy (Fig C-E), and left SG firing preceding
the arrhythmia after SD stimulation (Fig F-G) in a patient with
PVCs induced VF.
Conclusion: SG recording and stimulation are feasible in
humans. SGS leads to blood pressure increases, more
pronounced after right SGS. SG firing can precede VA onset in
humans. Technical refinements are needed to improve reliability
of SG recordings.

CE-521-02
REPRODUCIBILITY OF CARDIAC GANGLIONATED
PLEXUS LOCALISATION USING A NOVEL CURRENTCONTROLLED HIGH FREQUENCY STIMULATOR
Clare Coyle BA, BCH, BM; Simos Koutsoftidis MEng; Minyoung Kim MBChB, PhD; Bradley Porter MBChB PhD;
Daniel Keene MBChB, MSci, PhD; Vishal Luther MBBS; Zhen Lin;
Elaine Lim RDCS, CEPS; Aaron Sreenivasan BS, CCDS;
Louisa Malcolme-Lawes BS, MBChB, PhD, CEPS-A;
Michael Koa-Wing BS, MBBS, PhD, CCDS; Phang Boon
Lim BCH, MB, MBChB; Zachary I. Whinnett BMBS, PhD;
Fu Siong Ng MBBS, PhD; Norman A. Qureshi BChir, MA, MB,
PhD; Nicholas S. Peters FHRS; Nick F. Linton MBBS, MSE, PhD
and Prapa Kanagaratnam MD, PhD
Background: Ganglionated plexuses (GPs) are epicardial
structures, implicated in arrhythmogenesis, that can be located
by triggering their physiological effect via endocardial high
frequency stimulation (HFS). Mapping and ablation of GP sites
may be an effective treatment for AF. Further research is
hampered by regulatory and clinical issues relating to commonly
used stimulators. A novel current-controlled stimulator was
developed to overcome some of these.
Objective: To assess efficacy and reproducibility of
localising atrial GP using a novel current-controlled HFS
(Tau-20) in comparison to the Grass S88 with SIU5
(voltage-controlled).
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Methods: In 31 patients undergoing clinically-indicated AF
ablation, standard mapping catheters (NavistarÔ, TacticathTM)
were used to deliver HFS to the left atrial endocardium from either
the Tau20 or Grass S88 with SIU5. AV dissociation (AVD-GP)
and atrial ectopy (ET-GP) in response to HFS were tagged on 3D
electroanatomic mapping systems (CARTOÔ & PrecisionÔ) to
assess current output threshold for GP detection, reproducibility
of the Tau20, creation of high density GP maps and efficacy of RF
ablation in abolishing the GP effect.
Results: Mean output to identify GP was 29 mA (n512).
Reproducibility comparing the two stimulators was 100% for
AVD-GP (n56) (Kappa51, SE of kappa50, 95% CI 1 to 1) and
100% for ET-GP (n516) (Kappa51, SE of kappa 50, 95% CI 1 to
1). Reproducibility using the Tau20 was 95% for AVD-GP (n538)
(Kappa 5 0.64, SE of kappa 50.23, 95% CI 0.19 to 1) and 100%
for ET-GP (n513) (Kappa 5 1, SE of kappa 50, 95% CI 1 to 1).
Figure 1 shows a high-density GP map. Ablation abolished
autonomic effects at 166 AVD-GP and 118 ET-GP (n511).
Conclusion: A novel current-controlled high frequency
stimulator appears to be a reproducible method for locating GP
sites through physiological effect within the human left atrium.
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years with a total follow-up of 1963 patient-years. In total, 50
(17%) patients [42/235 (18%) with LQTS and 8/66 (12%) with
CPVT) have experienced  1 non-lethal BCE post-LCSD. Among
the main LQTS genotypes, BCE rates were significantly higher in
those with LQT3 (82%) or LQTM (35%) compared to LQT1 (12%)
or LQT2 (11%: p,0.001). Additionally, among the 180 previously
symptomatic patients, their post-LCSD BCE rate was
significantly higher (24%) compared to 5% (p,0.001) for the 121
who were asymptomatic before their LCSD.
Conclusion: Long term follow-up continues to demonstrate that
LCSD is a safe intervention with high therapeutic efficacy.
However, LCSD is not a curative therapeutic option as one out of
four previously symptomatic patients have experienced a
channelopathy-associated BCE, albeit no deaths, following their
LCSD with nearly 2000 patient-years of observation.

CE-521-04
VASOVAGAL SYNCOPE WITH ISOLATED
ATRIOVENTRICULAR BLOCK FOLLOWING
CARDIONEURAL ABLATION DEMONSTRATING DISTINCT
INNERVATION OF THE SINUS AND ATRIOVENTRICULAR
NODES
Timothy Richard Maher MD; Andrew H. Locke MD;
Andre d`Avila MD, PhD and Alexei Shvilkin MD, PhD

CE-521-03
LONG TERM OUTCOMES OF LEFT CARDIAC
SYMPATHETIC DENERVATION FOR LONG QT SYNDROME
AND CATHECHOLAMINERGIC POLYMORPHIC
VENTRICULAR TACHYCARDIA
Johan Martijn Bos MD, PhD; Stephanie F. Polites MD;
Christopher Moir MD and Michael John Ackerman MD, PhD
Background: Left cardiac sympathetic denervation (LCSD) is an
effective anti-fibrillatory, minimally invasive therapy for patients
with cardiac channelopathies such as long QT syndrome (LQTS)
and catecholaminergic polymorphic ventricular tachycardia
(CPVT). While performed for a few decades, only now are
cohorts getting large enough to evaluate long term outcomes.
Objective: To examine the frequency of breakthrough cardiac
events (BCEs) after LCSD in patients with either LQTS or CPVT.
Methods: We performed a retrospective review of all patients with
either LQTS or CPVT who underwent LCSD at our institution since
2005. Clinical data was abstracted for each patient, including
cardiac event rates before and after LCSD. BCEs were defined as
arrhythmogenic syncope, seizure, appropriate ventricular fibrillation
(VF)-terminating therapies, and/or sudden cardiac death (SCD).
Results: Overall, 301 patients were included [173 female (57%);
mean age at LCSD 19 6 13 years] of which 235 (78%) had LQTS
[121 (51%) LQT1, 56 (24%) LQT2, 13 (5%) LQT3 and 23 (10%) 
1 LQTS mutation (LQTM)] and 66 (22%) had CPVT. Overall, 180
(60%) patients were symptomatic prior to LCSD (53% for LQTS;
85% for CPVT). Mean follow-up for the cohort was 6.5 6 4.1

Background: Radiofrequency ablation (RFA) of cardiac
parasympathetic ganglionated plexi (GPs), termed cardioneural
ablation (CNA), has been shown to successfully treat vasovagal
syncope (VVS). Sinus (SN) and atrioventricular (AVN) nodes are
innervated by distinct GPs in the epicardial fat pads of both atria.
We present a case of CNA of SN-specific GPs for VVS
eliminating sinus arrest, but recurrent syncope with AV block.
Objective: To demonstrate the potential need to target both SN
and AVN GPs in cardioinhibitory VVS.
Methods: NA
Results: A 36 year-old man with frequent VVS with sinus arrest
documented on implantable loop recorder (ILR) was referred for
CNA. Intervals at baseline: PR 208 ms, AH 137 ms, HV 50 ms. Biatrial mapping was followed by RFA at the anatomic sites of the
Marshall Tract, left superior, right superior, and Aortic-SVC GPs.
Vagal responses (sinus arrest and AV block) were seen during
ablation of the left-sided GPs while his sinus rate increase
observed during ablation of the right sided GPs. The
posteromedial GP and right inferior GP were not ablated. Follow up
ILR recordings showed reduced heart rate variability and
increased sinus rates. Five months post-ablation another syncopal
event occurred. ILR revealed 11 seconds of ventricular asystole
due to complete AV block at unchanged sinus rate. Repeat CNA
with RFA of the right inferior and posteromedial GPs resulted in
decrease in PR from 213 to 176ms, AVN Wenckebach cycle length
from 500 ms to 450 ms, AVN effective refractory period from 600/
450 ms to 600/370 ms, and progressive decrease in AH interval
with decreasing pacing cycle length (700 ms: from 101-. 93 ms ,
600 ms: 142-. 120ms, 550 ms: 163 -.129 ms, and 500 ms: 193
-. 142 ms) with no further change after atropine challenge. The
patient has had no further syncopal events.
Conclusion: CNA can reduce VVS burden. Isolated ablation of
the GPs providing SN innervation does not prevent VVS caused
by AV block due to the distinct GP innervation of the AV node.
Patients with VVS due to a SN cardioinhibitory response should
be considered for CNA of AVN-innervating GPs since vagal AVN
response can be initially masked by SN arrest. Changes in AH
interval response curves at different paced cycle lengths provide
a clearer endpoint for AVN modification than comparing intervals
during sinus rhythm before and after ablation.
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ABSTRACT HF-564:
Cardiomyopathy Update: Sarcoid, HCM And Pacing
Induced Cardiomyopathy
Friday, April 29, 2022
10:30 AM - 11:30 AM
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in sarcoid since they reflect a survivor bias. This study highlights
the prevalence of cardiac involvement in patients with sarcoidosis
requiring admission. Factors accounting for increased
readmission should be explored with the aim of improving patient
outcomes.

HF-564-01
READMISSION OUTCOMES IN PATIENTS WITH CARDIAC
SARCOIDOSIS
Raheel Ahmed MBBS; Hiroyuki Sawatari;
Saurabh A. Deshpande MBBS, MD; Virend Somers MD, PhD;
Deepak Padmanabhan; Mohammed Khanji and
Anwar A. Chahal BS, MBChB, PhD
Background: Sarcoidosis is a multi-system disorder which can
affect the lungs, lymph nodes, liver, spleen, skin, nervous system
and the heart. Cardiac sarcoidosis (CS) has historically been
under-diagnosed but continues to be associated with significant
morbidity and mortality. The most common presenting symptoms
include advanced atrioventricular block, ventricular tachycardia
(VT) and heart failure (HF).
Objective: To evaluate the incidence and impact of VTand HF on
the rates of readmissions in patients with a known diagnosis of
sarcoidosis using a real-world database.
Methods: Patients with a diagnosis of sarcoidosis with and
without admitting symptoms of ventricular tachycardia and/or
heart failure from 2010-2017 were abstracted using International
Classification of Diseases-9th and 10th Revision-Clinical
Modification from the Nationwide Readmissions Database
(NRD). All patients .18 years of age with sarcoidosis were
included. We excluded patients who were transferred/died at first
admission. Patient demographics, presence of comorbidities and
time from discharge to readmission were also evaluated.
Results: During 2010-2017, 124,695 patients with sarcoidosis
were included. Ventricular tachycardia (VT) was the presenting
complaint in 2,494 (2.0%) patients whilst heart failure was
present in 24,794 (19.9%) patients respectively. Readmission
was 4.8% higher (24.8% vs 20.0%, p,0.0001) at 90-days followup in patients who had initially presented with VT as compared to
those who did not initially present with a VT. Similarly, patients
with a diagnosis of heart failure and sarcoidosis were more likely
to be readmitted within 90-days follow-up as compared to
patients with sarcoidosis without heart failure (29.8% vs 17.7%,
p,0.0001).
Conclusion: According to this real-world study, sarcoidosis
patients initially admitted with HF and/or VT had higher rates of
readmissions compared to those without those diagnosis. These
data may be an underestimate of consequences of VT and/or HF

HF-564-02
LONG-TERM OUTCOMES OF TACHYCARDIA INDUCED
CARDIOMYOPATHY COMPARED WITH IDIOPATHIC
DILATED CARDIOMYOPATHY
Moshe Katz MD
Background: Tachycardia induced cardiomyopathy (TIC) is a
reversible dilated cardiomyopathy (DCM). Data on natural course
and prognosis of TIC and comparison with other dilated
cardiomyopathies is scarce.
Objective: To compare the clinical presentation, comorbidities
and long-term outcome of TIC patients with idiopathic DCM
patients.
Methods: A single center, retrospective cohort study of patients
hospitalized with new onset TIC or IDCM between 2007-2017.
The primary end point was composite of death, myocardial
infarction, thromboembolic events, assist device or heart
transplantation and malignant arrhythmia. The secondary end
point was recurrent hospitalization due to worsening heart failure
(HF) during follow up. Study end points were evaluated for 5 years
and for the whole length of follow up.
Results: 64 TIC and 66 idiopathic DCM (IDCM) patients
were enrolled. The primary composite endpoint and allcause mortality were similar between TIC and IDCM during
median follow-up time of w6 years (36% vs 29% and 22%
vs 15%, respectively). A Kaplan-Meier survival analysis
showed no significant difference between TIC and IDCM
groups for event-free survival of the composite endpoint
(Log Rank, p50.328) and for all-cause mortality (Log Rank,
p50.139). Recurrent admission occurred earlier in TIC
patients compared with IDCM patients (Log Rank, p50.035)
and the risk for HF readmission was significantly higher in
TIC (HR: 1.81; 95% CI 1.03-3.18). This risk became
insignificant after adjustment to comorbidities (HR: 1.55;
95% CI 0.85-2.8). Nonetheless, the incidence of recurrent
hospitalization during the follow-up period was significantly
higher in TIC patients (incidence rate ratio 1.59, 95% CI
1.12-2.24; p50.009).
Conclusion: Patients with TIC have similar long-term outcomes
as those with IDCM. However, it portends higher rate of HF
readmissions, mostly due to arrhythmia recurrences. Further
studies are needed to test if early catheter-ablation intervention in
TIC can minimize these repeated hospitalizations.
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HF-564-03
EFFECT OF SITE-SPECIFIC PACING IN SYMPTOMATIC
PATIENTS WITH NON-OBSTRUCTIVE HYPERTROPHIC
CARDIOMYOPATHY
Muthiah Subramanian MD; Vijay Shekar MD;
Sridevi Chennapragada MD, CCDS; Auras Atreya MD, MPH;
Daljeet K. Saggu MBBS, MD; Sachin Dhareppa Yalagudri MD,
DM and Calambur Narasimhan MD
Background: Treatment options for symptomatic patients with
non-obstructive hypertrophic cardiomyopathy are limited.
Objective: We studied the effect of dual chamber pacing at
different ventricular sites on the diastolic function and functional
capacity in patients with nHCM.
Methods: Nineteen patients with symptomatic nHCM and
normal LV systolic function were prospectively enrolled. Inclusion
criteria included an E/e’ 15 and an indication for ICD
implantation. A Doppler echocardiographic study was performed
during sinus rhythm and atrial synchronous ventricular pacing at
various atrioventricular(AV) intervals. Pacing was performed at
three right ventricular sites : RV apex(RVA), RV midseptum(RVS), and RV outflow tract(RVO). The site and sensed
AV delay(SAD) at which optimal diastolic filling occurred was
chosen based on diastolic filling period and E/e’. During ICD
implantation, the RV lead was implanted at the site selected by
the pacing study. Devices were programmed in DDD mode at the
optimal SAD. During follow up, diastolic function and functional
capacity (NYHA Class, 6 Minute Walk Distance(6MWD)) were
assessed.
Results: Among the 19 patients (age 47.667.8 yrs, males 73.9%,
ESC SCD Risk 3.960.4%), the baseline PR interval, E/A and E/e’
were 178.2619.5ms, 2.460.5, and 17.262.3, respectively. There
was an improvement in diastolic function (E/A, E/e’) in 16 patients
(responders) when pacing from the
RVA(1.560.3,p,0.001;12.963.1,p,0.001) compared to the RVS
(2.260.5,16.562.4)and RVO (2.260.4,16.862.1). There was no
improvement in diastolic function in the three other patients (nonresponders). In responders, optimal diastolic filling occurred at an
AV delay of 130-160ms during RVA. At shorter and longer SAD,
there was a worsening of E/e’(Fig). Baseline RBBB(25% vs. 0%,
p50.212) and lower LGE (12.4% vs. 23.2%, p50.004) were more
common among responders. During follow up (9.861.8 months),
ventricular pacing was 98.361.4%. Compared to baseline, there
was an improvement (D) in diastolic function (E/A -1.060.3, E/e’
-4.160.5), NT proBNP (-51.4613.2pg/ml), and functional capacity
(NYHA -1.460.3, 6MWD -51.266.7 m). There was no change in
LVEF during follow up.
Conclusion: In a subset of patients with nHCM, dual chamber
pacing from the RVA improved diastolic function and functional
capacity.
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ABSTRACT CA-529:
Mapping Techniques to Elucidate Mechanisms and
Aid Ablation Strategy in Atrial Fibrillation Ablation
Friday, April 29, 2022
1:00 PM - 2:00 PM

CA-529-01
RENEWAL THEORY: A STATISTICAL APPROACH TO
IMPROVE PATIENT SELECTION FOR PULMONARY VEIN
ISOLATION-ONLY STRATEGY IN ATRIAL FIBRILLATION
ABLATION
Alvin Quah
Background: Outcomes from pulmonary vein isolation (PVI)only approach in AF remain suboptimal, especially in persistent
AF (persAF) patients. However,results from STAR-AF 2 trial
suggest the presence of a subgroup of persAF patients who were
responders to PVI-only. While research efforts have primarily
focused on which non-PVI ablation techniques to pursue in
persAF patients, there has been a paucity of data to define a
cohort of AF patients who are “PVI-only responders”
Objective: We recently showed a physiological assessment of
fibrillatory dynamics could be performed using renewal theory,
which determines rates of phase singularity formation (l f ) and
destruction (l d ). Using the renewal approach, we aimed to
define a cohort of patients who would be responsive to PVI-only
approach, independent of the persAF status.
Methods: RENEWAL-AF is a prospective multicentre
observational study recruiting AF ablation patients. Unipolar
electrograms were obtained from sixteen biatrial locations using
a 16-electrode Advisor TM HD-Grid catheter. Renewal rate
constants lf , ld and the rho (r) values (lf / ld) were calculated. All
patients had radiofrequency ablation using a PVI-only approach.
Results: N548 AF patients were recruited (mean age 59.1 6 9.4
years, 28.5% females). Two groups were analyzed; Phenogroup
1 (Ph1), highest r in pulmonary veins, Phenogroup 2 (Ph2),
highest r in LA body. Ph1 patients had a lower CHA2 DS2 -VASc
score (P50.02), and a smaller LA volume index (P50.04)
compared to Ph2. After a follow-up of 5.15 6 1.6 months, Ph1
was associated with lower atrial tachyarrhythmia (AT)
recurrences (P50.047) with a lower AF burden (P50.026). No
association was found between persAF status with AF
Phenogroup classification (P50.68), AF burden (P50.58), or AF
recurrence (P50.52). Additionally, AF Phenogroup was a
significant predictor of AF recurrence in both univariate (b +0.32,
95% CI 0.002 0.64, P50.048) and multivariate analysis (b+0.34,
95% CI 0.039 0.65, P50.028).
Conclusion: Renewal theory approach provides a useful signalbased electrophysiological approach to the assessment of AF
fibrillatory dynamics, linked to underlying AF-related clinical risk
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factors and left atrial structural remodeling which identifies a
cohort of AF patients who had improved clinical outcomes post
PVI-only procedure.
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Conclusion: VF mapping of persistent AF revealed the
wavefront dynamic of the entire atrial chamber and revealed the
spatially stable AF drivers. The arrhythmogenic drivers with PVs/
antra are predictive of the successful PV isolation in patients with
persistent AF.

CA-529-02
PROSPECTIVE EVALUATION OF THE WAVE DYNAMICS
USING HIGH DENSITY VECTOR FIELD MAPPING FOR
PERSISTENT ATRIAL FIBRILLATION TO DETECT THE
ARRHYTHMOGENIC SOURCES
Yenn-Jiang Lin MD, PhD; Chia-Hsin Chiang MS; Ming-Jen Kuo;
Fa-Po Chung MD, PhD; Men-Tzung Lo PhD; Li-Wei Lo MD, PhD;
Shih-Lin Chang MD, PhD; Yu-Feng Hu PhD; Chin-Yu Lin MD;
Ting-Yung Chang MD and Shih-Ann Chen MD
Background: We used a novel vector field (VF) mapping to
illustrate the stationary wavefront propagating during AF. This
approach recomposed regional bipolar fibrillatory electrograms
to compute the global propagation patterns of AF.
Objective: The effectiveness of utilizing the AVF mapping to
identify the AF sources in persistent AF was demonstrated.
Methods: In phase 1 study, we applied a cellular automation
technique to simulate the electrical wave propagation. The
spatial and temporal changes of the similarity index (SI) vector
filed around and within the metastable rotors were characterized,
and then we determined the thresholds for the SI vector (Figure
1). In Phase 2 study, we enrolled 60 pts with persistent AF
prospectively, the global VF map was reconstructed by regional
sequential map using multielectrode PentaRay catheter (Carto 3,
20 electrodes, 1000 sites per chamber). The AF cases could be
categorized into 2 functional patterns according to the stable
location of the drivers. The type I showed the dominant AF drivers
emanating from 1 or more PVs. In Type II, drivers were in stable
location in the LA with passive activation to PVs. Then,
circumferential PVI was successfully performed in all cases and
response of PVI was assessed (Figure 2).
Results: In phase I study, SI vector was the 0.4460.13vs
0.1360.09, (P50.02), with cut off threshold of 0.4 (AUC580%) in
prediction of AF drivers. In phase II, in total 60 patients analyzed,
184 AF drivers were identified (27.3619.5 cm2 per patient, with
49% located in the PV/antra region). 36 patients (60%) of type I
pts had an average 2.261.1 drivers inside PV and 1.860.4
drivers outside PV in the LA. 24 patients of type II pts had 0 divers
inside PV (P50.02) and 1.760.73 drivers outside PV (P50.24,
compared to type I). In type I, 14 patients (36%) have procedural
termination at the AF driver region, and 16 (47%) patients had PV
triggers and 12 (27%) non-PV triggers identified in the LA region
during sinus rhythm. No patient of type II responded PVI by
procedural termination (0%, P50.02, compared with type I).

CA-529-03
NOVEL DETECTION OF ATRIAL TACHYCARDIA-LIKE
ISLANDS DURING ATRIAL FIBRILLATION PREDICTS
RESPONSE TO ABLATION
Prasanth Ganesan PhD; Brototo Deb MD; Ruibin Feng DPhil;
Miguel Rodrigo PhD; Samuel Ruiperez-Campillo MS;
Neal Kumar Bhatia MD; Albert Joseph Rogers MBA, MD;
Paul Clopton and Sanjiv M. Narayan MD, PhD, FHRS
Background: A major limitation of identifying organized activity
in atrial fibrillation (AF) has been the use of analytics that are
difficult to confirm visually by experts. An intuitive metric of AF
organization that does not require frequency, phase, or complex
mathematical constructs may better guide therapy.
Objective: To test the hypothesis that AF exhibits spatial regions
of repetitive 1:1 electrograms (EGMs), analogous to ‘islands
of AT’ and, further, that these islands are more predictive of
response to ablation than clinical features or traditional metrics of
AF organization.
Methods: We recruited N5224 patients (64610 Y, 29.5%
women) with global 64 pole AF recordings (Abbott, IL), in whom
ablation terminated AF in N5122 (“Term”) or did not (“Non-term”;
demographics p5NS). In a development cohort (N560),
repetitive EGMs in 2x2 areas was quantified over 4 sec by
correlation. Maps of repetitive EGM activity (REACT; Fig B)
indicate high (red) or low (blue) repetition. We now applied
REACT to the independent cohort (N5164), and compared its
predictive value for Term to 48 clinical variables, dominant
frequency width (DF), and SD of cycle length (CL).
Results: Repetitive islands (Fig B) were larger in Term than Nonterm patients (68.3625.4% vs 45.8626.9%, p,0.001). Cluster
analysis using 48 clinical variables alone failed to separate
groups. However, adding REACT yielded 4 clusters (Fig. C) with
progressively greater likelihood for termination (p,0.001).
REACT provided AUC for termination which was higher than for
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DF or CL (p,0.001 ANOVA). Combining indices provided AUC
0.80 for AF termination.
Conclusion: Repetitive islands of AT-like activity in AF provide an
intuitive metric of organization. Larger areas of such islands
predict acute response to therapy better than a comprehensive
set of clinical variables or other organization indices.

ABSTRACT CI-524:
Appropriate, inappropriate or delayed ICD shocks:
current data
Friday, April 29, 2022
1:00 PM - 2:00 PM

CI-524-01
CA-529-04
EFFECT OF PULMONARY VEIN ISOLATION ON
ELECTROGRAPHIC FLOW-IDENTIFIED EXTRAPULMONARY VEIN SOURCES PRE- V. POST-ABLATION
Petr Neuzil MD; Melissa H. Kong MD, FHRS; Joshua D’Arcy MD;
Jan Petru MD; Moritoshi Funasako MD, PhD; Jan Skoda;
Stepan Kralovec MD; Martin Mudroch; Peter Ruppersberg MD
and Vivek Y. Reddy MD
Background: Pulmonary vein isolation (PVI) is the cornerstone
for atrial fibrillation (AF) treatment; however, its efficacy for
persistent AF remains suboptimal. Electrographic Flow (EGF)
mapping visualizes near real-time cardiac action potential flow to
identify extra-PV sources and flow directionality over time.
Objective: Analyze effect of PVI on extra-PV AF source activity
(SAC), AF cycle length (CL) and stability of flow angle variability
(FAV).
Methods: Pre-PVI, unipolar electrograms were recorded for 1
min from a 64-pole basket to generate EGF maps. Relevant AF
sources are identified as reproducible patterns of centrifugal EGF
activation with prevalence of SAC .20% calculated over 60 sec.
EGF pattern determines whether flow directionality remains
stable over time or shows high FAV, measuring by how many
degrees mean flow vector angle changes. Post-PVI EGF maps
recorded once PVI confirmed.
Results: Prospective study of 14 patients undergoing de novo
PVI, mean age 63.969.0 years, mean LA size 42.964.7 mm,
mean AF duration 25.9629.6 months. Pre-PVI, 44.7% (21/47) of
sources in LA; 55.3% (26/47) in RA. Of sources remaining postPVI, 52.1% (25/48) sources were in LA; 47.9% (23/48) in RA. In
LA, PVI resulted in 5.0% increase in SAC (p50.003), 6.9 ms
increase in AF CL (p5,0.001), and 0.28 decrease in FAV
(p5,0.001). In RA, PVI resulted in 5.5% increase in SAC
(p50.004), 7.4 ms increase in AF CL (p5,0.001), and 0.23
decrease in FAV (p50.028).
Conclusion: Elimination of electrical conduction from PV
triggers results in increased extra-PV SAC; slowing AF CL and
stabilization of FAV. PVI may unmask extra-PV AF drivers and
stepwise elimination of drivers starting with PV triggers followed
by extra-PV sources simplifies AF conduction patterns.

THE IMPACT OF SMART PASS ALGORITHM STATUS ON
INAPPROPRIATE SHOCK RATES IN THE UNTOUCHED
STUDY
Lucas V.A. Boersma MD, PhD; Johan D. Aasbo DO, FHRS;
Reinoud Knops MD, PhD; Pier D. Lambiase BCH, BM, MBChB,
PhD, FHRS; Maria Grazia Bongiorni MD; JeanClaude Deharo MD; Andrea M. Russo MD, FHRS;
Martin C. Burke DO; Ali H. Shakir MD; Ricky A. Henderson MD,
FHRS; David T. Huang MD, FHRS; Ursula Appl BSBME;
Amy Brisben PhD, CCDS; Nathan Carter MS;
Mikhael F. El-Chami MD, FHRS and Michael R. Gold MD, PhD, FHRS
Background: The current Subcutaneous ICD (S-ICD)
incorporates SMART Pass (SP) to improve sensing and
discrimination capabilities to reduce inappropriate shocks (IAS).
SP status is programmable but may be disabled automatically
based on electrogram (EGM) characteristics.
Objective: To evaluate SP status’ impact on IAS, appropriate
shocks (AS), complications and mortality in the UNTOUCHED SICD trial.
Methods: Primary prevention patients (pts, n51111) with
ejection fraction 35% and no pacing requirement were followed
for up to 18 months. SP status during a study visit was
programmed ON or OFF and status between visits was either
consistently OFF, ON, or automatically disabled (DIS). The
impact of SP status on pt outcomes was evaluated using KaplanMeier (K-M) analysis. Multivariable proportional hazard analysis
identified IAS predictors.
Results: Percent of pts with SP always ON, always OFF, ON with
DIS, and OFF then ON with no DIS were 56, 16, 15, and 13%,
respectively. High blood pressure (81.3%, p5.009) and kidney
disease (17.0%, p5.059) were highest in pts with SP always OFF.
Reasons for SP DIS included PVCs and low EGM amplitudes. KM IAS rates differed significantly with SP status: pts post DIS had
highest IAS rates (fig); SP ON vs OFF was a significant predictor
of fewer IAS. While neither AS (p50.58) nor complication
(p50.58) rates changed significantly, mortality differed
significantly between pts with SP always ON, always OFF, ON
with DIS, and OFF then ON with no DIS (4.8, 9.1, 3.1, and 3.7%,
respectively; p50.044).

Abstracts
Conclusion: Patients in the UNTOUCHED trial with SMART
Pass (SP) consistently ON had significantly fewer inappropriate
shocks. SP status had no impact on appropriate therapy for VT/
VF or complications.
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was 33episodes/h [25th-75th percentile: 24-45]. Using a timedependent Cox regression model, the continuously measured
weekly mean RDI45episodes/h was independently associated
with shock occurrence (HR:4.63, 95%CI:2.54-8.43, p,0.001),
after correction for baseline confounders (age, secondary
prevention).
Conclusion: In HF patients, patients were more likely to receive
appropriate ICD shocks during periods of time when they
exhibited more sleep-disordered breathing.

CI-524-03
INAPPROPRIATELY DELAYED THERAPIES FOR
VENTRICULAR ARRHYTHMIAS IN BIOTRONIK
IMPLANTABLE CARDIOVERTER DEFIBRILLATORS
Adam Oesterle MD; Sanket Dhruva; Cara N. Pellegrini MD, FHRS
and L. Bing Liem DO, FHRS, CCDS

CI-524-02
ASSOCIATION BETWEEN DEVICE-DETECTED SLEEP
APNEA AND IMPLANTABLE DEFIBRILLATOR THERAPY IN
PATIENTS WITH HEART FAILURE
Andrea Mazza MD; Maria Grazia Bendini MD; Valter Bianchi MD;
Cristina Esposito MD; Leonardo Caló MD; Chiara Andreoli MD;
Vincenzo Ezio Santobuono MD; Antonio Dello Russo MD, PhD;
Marcello Brignoli MD; Domenico Pecora MD;
Claudia Baiocchi MD; Giovanna Giubilato MD, MHS;
Antonio Rapacciuolo MD, PhD; Sergio Valsecchi and
Giuseppe Boriani MD, PhD
Background: Sleep-disordered breathing is highly prevalent in
heart failure (HF) and it has been suggested as a risk factor for
malignant ventricular arrhythmias. The Respiratory Disturbance
Index (RDI) algorithm computed by select implantable
cardioverter defibrillators (ICDs) can identify severe sleep apnea
(SA).
Objective: In the present analysis we evaluated the association
between ICD-detected SA and the incidence of appropriate ICD
therapy in patients with HF.
Methods: We enrolled 411 HF patients (age 69610years, 77%
male, ejection fraction 3268%), implanted with an ICD endowed
with an algorithm (ApneaScan, Boston Scientific) that calculates
the RDI each night. In this analysis the weekly mean RDI value
was considered. The endpoint was the first appropriate ICD
shock. The median follow-up was 26 months [25th-75th
percentile: 16-35].
Results: During follow-up, one or more ICD shocks were
documented in 58 (14%) patients. Patients with shocks were
younger (66613years versus 70610years, p50.038), and more
frequently implanted for secondary prevention (21% versus 10%,
p50.026). The maximum RDI value calculated during the entire
follow-up period did not differ between patients with and without
shocks (55615episodes/h versus 54614episodes/h, p50.539).
However, the ICD-detected RDI showed a considerable
variability during follow-up. The overall median of the weekly RDI

Background: Implantable cardioverter defibrillators (ICD) are
typically programed with multiple treatment zones and
discriminators to minimize inappropriate therapies for
supraventricular tachycardia while still delivering life saving
therapies for ventricular tachycardia (VT) and fibrillation (VF).
Biotronik ICDs freeze the VT counters when tachycardia is in the
VF zone due to lack of discriminators in the VF zone, which may
result in an inappropriate delay in tachycardia detection.
Objective: To assess the incidence of inappropriately delayed
therapies for ventricular arrhythmias in Biotronik ICDs.
Methods: Patients with Biotronik ICDs were identified from four
Veterans Affairs facilities. Patient information and device tracings
for patients with transmission for any (i.e. appropriate or
inappropriate) ICD therapies were examined to assess for
delayed tachycardia detection.
Results: Among 52 veteran patients with Biotronik ICDs, 7 (13%)
experienced ICD therapy. Four patients had ICD therapy for
ventricular arrhythmias, two of whom experienced an
inappropriate delay in VT/VF detection due to the tachycardia
rate oscillating between the VTand VF treatment zones. One ICD
was an Acticor 7 HF-T QP cardiac resynchronization therapy ICD
with a VT treatment zone at 188 beats per minute (bpm) and VF
treatment zone at 240 bpm. The delay in tachycardia detection
due to suspension of the VT counters during VF was 10 seconds
with an overall VF time of 31 seconds before ICD shock (figure).
The other was an Intica 7 VR-T DX with a VDD right ventricular
(RV) lead (RV lead with atrial sensing) with a VT treatment zone
at 171 bpm and VF treatment zone of 214 bpm with a tachycardia
detection delayed by 1.6 seconds due to oscillation between the
VT and VF treatment zones.
Conclusion: Because contemporary Biotronik ICDs freeze the VT
counters when tachycardia is in the VF zone, ICD therapies can be
inappropriately delayed when the tachycardia oscillates between
the VT and VF zone. Programming short detection intervals in the
VT zone may be necessary to avoid a significant delay in lifethreatening ventricular arrhythmia detection and therapy.
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CI-524-04
RISK OF VENTRICULAR ARRHYTHMIAS FOLLOWING
IMPLANTABLE CARDIOVERTER DEFIBRILLATOR
GENERATOR CHANGE IN PATIENTS WITH RECOVERED
EJECTION FRACTION: IMPLICATIONS FOR SHARED
DECISION MAKING
Donald D. Chang MD, PhD; Peter G. Pantlin MD; Francis A. Benn;
Thomas Ryan Gullatt MD; Michael L. Bernard MD, PhD;
Aimee Elise Hiltbold MD; Sammy Khatib MD; Glenn M. Polin MD,
FHRS; Paul A. Rogers MD, PhD; Cruz Velasco-gonzalez PhD
and Daniel P. Morin MD, MPH, FHRS
Background: Primary-prevention ICDs are indicated for most
patients with LVEF 35%. Some patients improve their LVEF to
.35% during the life of their first ICD. In present practice, when
the battery is depleted, ICDs most often are replaced regardless
of LVEF. In patients with recovered LVEF who have never
received appropriate ICD therapy, the utility of ICD generator
replacement remains unclear.
Objective: To evaluate rates of appropriate ICD therapy based
on LVEF at the time of generator change, in order to educate
shared decision making.
Methods: We enrolled patients with a primary-prevention ICD
originally implanted for LVEF 35%, who underwent ICD
generator change within our state’s largest multihospital
health system. Patients who required appropriate ICD
therapy for VT/VF prior to generator change were excluded.
Cumulative incidence curves were Fine-Gray adjusted for the
competing risk of death.
Results: Among 951 generator changes, 423 patients
(69612 y, 65% men, 29% Black, LVEF 34615%, 222 [52%]
ischemic) met inclusion criteria. Over 3.462.2 years after
generator change, 78 (18%) received appropriate therapy for
VT/VF. Compared to patients with recovered EF.35%
(n5161 [38%]), those with LVEF persistently 35% (n5262
[62%]) more likely required ICD therapy (p50.005; 5-year
rates: 13% vs. 25%). ROC analysis (AUC 0.66, p,0.001)
revealed the optimal cutoff for VT/VF prediction was LVEF
45%, which was supported by the plot of hazard vs. EF as a
continuous variable, modeled by restricted cubic splines.
There was much lower VT/VF incidence among those with
LVEF 45% vs. ,45% (p,0.001); 5-year rates: 6% vs. 25%.
These findings were similar for patients with either ischemic
or nonischemic cardiomyopathy (HR 3.9, p,0.01; and HR
8.5, p50.035).
Conclusion: At the time of ICD generator change, patients with
primary-prevention ICDs and LVEF 45% with no prior ICD
therapy have a significantly lower rate of subsequent ventricular
arrhythmias compared to those with LVEF,45%. These data
may be useful during shared decision-making at the time of ICD
generator battery depletion.
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ABSTRACT DH-575:
Deep Learning and AI for Heart Rhythm Disorders
Friday, April 29, 2022
1:00 PM - 2:00 PM

DH-575-01
MACHINE LEARNING-ENABLED MULTIMODAL FUSION OF
INTRA-ATRIAL AND BODY SURFACE SIGNALS IN
PREDICTION OF ATRIAL FIBRILLATION ABLATION
OUTCOMES
Siyi Tang BEng, MS; Orod Razeghi BS, PhD; Ridhima Kapoor;
Mahmood I. Alhusseini BS, MS; Muhammad Fazal MD, MS;
Albert Joseph Rogers MBA, MD; Miguel Rodrigo PhD;
Paul J. Wang MD, FHRS; Daniel Rubin MD, MS;
Sanjiv M. Narayan MD, PhD, FHRS and Tina Baykaner MD, MPH
Background: Machine learning (ML) is a promising approach to
personalize atrial fibrillation (AF) management strategies for
patients after catheter ablation. Prior studies applied classical ML
methods to clinical scores, and none have leveraged intracardiac
electrograms (EGM) or 12-lead electrocardiograms (ECG) for
outcome prediction.
Objective: We aimed to show that (a) ML models trained on EGM
or ECG can better predict patient outcomes after AF ablation than
existing clinical scores and (b) fusion of EGM, ECG, and clinical
features can further improve the prediction performance.
Methods: Consecutive patients who underwent catheter ablation
between 2015-2017 with panoramic left atrial EGM prior to
ablation and clinical follow-up for at least one year following
ablation were included. A convolutional neural network (CNN)
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and a fusion framework were developed for predicting 1-year AF
recurrence after catheter ablation from EGM, ECG, and clinical
features. The models were trained and validated using 10-fold
cross-validation.
Results: 156 patients (64.5610.5 years, 74% male, 42%
paroxysmal) were analyzed. Using EGM alone, the CNN
achieved an Area Under the Receiver Operating Characteristics
Curve (AUC) of 0.73, outperforming existing APPLE (AUC50.63)
and CHA2DS2-VASc scores (AUC50.62). Similarly using 12lead ECG alone, the CNN achieved an AUC of 0.77. Combining
EGM, ECG, and clinical features, the fusion model achieved an
AUC of 0.87, outperforming single and dual modality models.
Conclusion: Deep neural networks trained on EGM or ECG
greatly improved the prediction of catheter ablation outcome
compared to existing clinical scores, and fusion of EGM, ECG,
and clinical features further improved the prediction performance.

DH-575-02
IDENTIFICATION OF SUPRAVENTRICULAR TACHYCARDIA
MECHANISMS WITH SURFACE ELECTROCARDIOGRAMS
USING A DEEP NEURAL NETWORK
Satoshi Higuchi MD; Roland Li BA; Sean Abreau MSc;
L. Bing Liem DO, FHRS, CCDS; Edward P. Gerstenfeld MD,
FHRS; Sung Il Im MD; Joshua Barrios PhD; Geoff Tison MD, MPH
and Melvin M. Scheinman MD, FHRS
Background: The current clinical paradigm to diagnose
supraventricular tachycardias (SVTs) results in potential overlap
between various ECG expressions. Machine learning may
identify visually imperceptible ECG changes and augment the
predictive accuracy of determining SVT mechanisms.
Objective: To compare a Convolutional Neural Network (CNN)
with manual SVT identification among atrioventricular nodal reentrant tachycardia (AVNRT), atrioventricular reciprocating
tachycardia (AVRT), and atrial tachycardia (AT).
Methods: All patients with a 12-lead ECG of a diagnosed and
successfully ablated SVT during an electrophysiology study from
2013-2020 were included. Digital ECG data 10 seconds were
extracted from the recording system and split into training,
validation, and test datasets in a ratio of approximately 7:1:2. The
results were reported as the average across 10 random data
splits and model initializations for robustness. We then compared
the CNN performance with an independent adjudication by an
experienced cardiac electrophysiologist.
Results: From 763 patients, 1524 ECGs (371 AVNRT, 312 AVRT,
95 AT, and 746 sinus rhythm) were used to develop the CNN.
CNN identified 1) AVNRT with a higher sensitivity and similar
specificity; 2) AVRT with a lower sensitivity but higher specificity;
and 3) ATwith a lower sensitivity and similar specificity compared
to the adjudicator (Table). The CNN area under the receiver
operating characteristic curve for AVNRT, AVRT, and AT was
0.855, 0.880, and 0.774 respectively.
Conclusion: In this primary model, CNN allowed differentiating
SVT mechanisms characterized by a similar and variably higher
or lower performance metrics compared with an experienced
electrophysiologist.

S21

DH-575-03
EXPLORING THE RELATIONSHIP BETWEEN LEFT
VENTRICULAR WALL THINNING AND POST-INFARCTION
VENTRICULAR ARRHYTHMIA USING EXPLAINABLE DEEP
LEARNING ON COMPUTED TOMOGRAPHY IMAGES
Buntheng LY MSci; Sonny Finsterbach MD;
~ ez Garcia PhD; Tania Bacoyannis MSci;
Marta Nun
Nicolas Cedilnik PhD; Soumaya Sridi MD; Pierre Jais MD;
Maxime Sermesant MSci, PhD and Hubert Cochet MD, PhD
Background: Infarct heterogeneity plays a critical role in the
development of scar-related ventricular arrhythmias (VA). Wall
thickness (WT) from CT was shown to correlate with
arrhythmogenic sites in the context of ablation.
Objective: To analyze the relationship between WT distribution
and the presence VAs in patients with history of myocardial
infarction (MI).
Methods: From 2010 to 2020, we retrospectively included
consecutive patients who underwent CT more than 1 year after
MI. Automated LV wall segmentation, reorientation, WT
computation and flattening methods were applied to obtain 2D
WT bullseye maps. The population was divided into a training set
(3/4) and a testing set (1/4). On the training set, a conditional
variational autoencoder (CVAE) model was trained to encode the
WT map in its latent representation, which was then used by a
classifier model to predict VA. For each prediction, a gradient
back-projection method was used to generate attention maps
highlighting the bullseye region most influential in the model’s
decision. The ability of the trained CVAE to identify patients with
VA was then assessed on the test population, and compared to
that of other clinical variables (age, gender, LVEF, scar size).
Results: 641 patients were included (age 7367 years, 83%
males, LVEF 46610%), including 166 (26%) with history of VA.
From original CT images, automated processing methods
allowed for the obtention of a WT bullseye, a VA prediction and an
attention map in less than 2 min. On the testing population,
univariable correlates of VA were LVEF (P,0.001), scar size
defined as WT area (P,0.001), CVAE prediction (P,0.001), and
male gender (P50.007). Multivariable analysis identified CVAE
prediction and male gender as independent VA correlates
(P,0.001 and P50.01, R250.364), while LVEF and scar size
were not (P50.052 and P50.60). The CVAE model identified
patients with VA with a sensitivity/specificity of 0.87/0.74. The

S22
analysis of attention maps confirmed that the CVAE actually used
the MI region to predict VA, and showed that the CVAE was
filtering out areas of physiological WT, thereby outperforming
simple WT thresholding.
Conclusion: Fully automated analysis of WT from CT images is
feasible in patients with MI, and allows for the extraction of robust
markers of VA, outperforming conventional risk stratifiers.

DH-575-04
ARRHYTHMIC SUDDEN DEATH (SCDA) SURVIVAL
PREDICTION USING DEEP LEARNING (DL) ANALYSIS OF
CONTRAST-ENHANCED CARDIAC MAGNETIC
RESONANCE IMAGING (LGE-CMR)
Dan M. Popescu PhD; Julie K. Shade PhD; Changxin Lai;
Konstantinos N. Aronis MD, PhD; David Ouyang MD;
Dan Popescu PhD; Dan R. Popescu ScD; Dan C. Popescu MD;
Alan H. Kadish MD; Christine M. Albert MD, MPH, FHRS;
Dan Popescu PhD; Katherine C. Wu MD and
Natalia A. Trayanova PhD, FHRS
Background: Current approaches to SCDA risk prediction
represent broad guidelines and fail to incorporate personalized,
complex, large-scale clinical data and individualized
phenotyping. DL approaches are ideal for such data, however,
most of the DL work related to arrhythmia has focused on disease
classification and detection from ECG time series data.
Furthermore, mechanistically, ventricular arrhythmia in patients
with structural heart disease often results from the
heterogeneous scar distribution, however, DL on raw imaging
scans has not been explored for risk analysis.
Objective: In this work we develop a novel DL approach which
blends neural networks (NNs) and survival analysis to predict
patient-specific survival curves from raw LGE-CMRs and clinical
covariates for patients with ischemic heart disease.
Methods: The approach uses LGE-CMR images with the left
ventricle automatically segmented and clinical covariates as
inputs to two sub-NNs. Labels associated with each patient consisting of the observed time to event, and an indicator whether
the event was SCDA or non-SCDA - are used as targets during
training only. LGE-CMR data is taken as input by a 3-D
convolutional NN constructed using an encoder-decoder
architecture. Clinical covariates are fed to a dense NN. The subNNs are trained to estimate probability distributions of the patientspecific time to SCDA. The performance of this learning
architecture was evaluated on multi-center internal validation
data (n5156), and tested on an external, independent test set
(n5113).
Results: The DL-predicted survival curves offer accurate
arrhythmic sudden death predictions at all times up to 10 years
and allow for estimation of patient-specific uncertainty in
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predictions. It achieves concordance index of 0.83 and 0.74, and
10-year integrated Brier score of 0.12 and 0.14, respectively. We
additionally demonstrate that our DL approach with only raw
cardiac images as input outperforms standard survival models
constructed using both non-imaging and imaging clinical
covariates.
Conclusion: Brought to clinical practice, this technology has the
potential to transform clinical decision-making by offering
accurate, generalizable, and interpretable predictions of patientspecific survival probabilities of SCDA over time.

Abstracts

S23

ABSTRACT BS-513:
Sodium Channel Related Arrhythmias

Arthur A.M. Wilde MD, PhD; Jean-Jacques Schott PhD;
Richard Redon and Connie R. Bezzina PhD

Friday, April 29, 2022
2:15 PM - 3:15 PM

Background: Brugada syndrome (BrS) is a cardiac arrhythmia
disorder associated with sudden death in young adults. With the
exception of SCN5A, encoding the cardiac sodium channel
NaV1.5, susceptibility genes remain largely unknown.
Objective: Evaluate the contribution of the common variants in
the genetic architecture of the BrS.
Methods: We performed a genome-wide association metaanalysis comprising 2,820 unrelated cases with BrS and 10,001
controls.
Results: We identified 21 association signals (18 novel) at 12 loci
(10 novel). Seven association signals overlap SCN5A and one
overlaps the neighboring SCN10A gene encoding the sodium
channel isoform NaV1.8 highlighting the primacy of sodium
channel function in BrS susceptibility. Notably, 10 association
signals overlapped or are in the vicinity of 8 genes encoding
cardiac developmental transcription factors (HEY2, TBX20,
ZFPM2, GATA4, WT1, TBX5, IRX3 and IRX5) pointing to
transcriptional regulation as a key feature of BrS pathogenesis.
One additional association signal overlapped PRKCA, involved
in contractility and calcium handling in cardiomyocytes and two
other overlapped genes encoding myofiber or microtubule
associated proteins, namely MYO18B and MAPRE2. Functional
studies of MAPRE2 support a novel mechanism of NaV1.5
modulation. We calculated a polygenic risk score (PRSBrS) per
individual based on the 21 risk alleles, which was higher in
SCN5A negative BrS patients compared to SCN5A positive as
well as in cases with a spontaneous type 1 BrS ECG compared to
those diagnosed after sodium blockers challenge and particularly
in SCN5A negative patients. Based on the PRSBrS, we performed
a phenome-wide association study in the UK Biobank. PRSBrS
was associated with greater risk for atrioventricular conduction
disorders, a longer ECG activation/conduction times reflected in
the P-wave duration, PQ interval duration and QRS duration. In
contrast, PRSBrS was negatively associated with the QT interval
duration and with the occurrence of atrial fibrillation or flutter.
Conclusion: Taken together, these findings broaden our
understanding of the genetic architecture of Brugada syndrome
and provide new insights into its molecular underpinnings.

BS-513-01
SUPPRESSION-REPLACEMENT GENE THERAPY FOR
SCN5A-MEDIATED TYPE 3 LONG QT SYNDROME
Martina Gluscevic PhD, MS; Changsung John Kim PhD;
David Tester BS; Maengjo Kim PhD; Sahej Bains BS and
Michael John Ackerman MD, PhD
Background: Congenital long QT syndrome (LQTS) is an
autosomal dominant disorder characterized by delayed
repolarization of the myocardium with a prolonged QT interval on
electrocardiogram that may manifest as syncope, seizure, or
sudden cardiac arrest/death. Long QT syndrome type 3 (LQT3) is
caused by gain-of-function mutations in the SCN5A-encoded
Nav1.5 sodium channel. No current therapies target the
molecular cause of LQT3.
Objective: To develop an SCN5A suppression-replacement
(SupRep) gene therapy to rescue the prolonged cardiac action
potential duration (APD) in induced pluripotent stem cell-derived
cardiomyocytes (iPSC-CMs) from a patient with LQT3.
Methods: Custom designed shRNAs targeting SCN5A were
tested for knockdown efficiency using TSA201 cells and RTqPCR. A dual-component “suppression-and-replacement”
(SupRep) SCN5A gene therapy was created by cloning into a
single construct a custom-designed SCN5A shRNA that
produces w90% knockdown (suppression) and a “shRNAimmune” (shIMM) SCN5A cDNA (replacement). Patient-specific
SCN5A-F1760C iPSC-CMs were generated form a patient with
severe LQT3 (QTc . 680ms). FluoVolt voltage dye was used to
measure the APD at 90% repolarization (APD90).
Results: Six unique shRNAs targeting SCN5A were tested, and
one candidate shRNA was identified that suppressed the
endogenous SCN5A alleles in TSA201 cells with about 92%
knockdown efficiency. Compared to control iPSC-CMs, the
baseline APD90 was significantly prolonged in SCN5A-F1760C
iPSC-CM cells [680 6 20 ms (n530) vs 342 6 16 ms (n520),
p,0.0001]. Following treatment with SCN5A-SupRep gene
therapy, the APD90 was significantly decreased in F1760C iPSCCMs compared to untreated cells [F1760C: 680 6 20 ms (n530)
vs F1760C + SupRep: 470 6 18 ms (n539), p,0.0001]. This
strategy demonstrated that the SCN5A-SupRep gene-therapy
can rescue the pathologically prolonged APD in LQT3 patientderived iPSC-CMs.
Conclusion: We provide the first proof-of-principle gene therapy
for correction of LQT3. Akin to our sentinel discovery of SupRep
gene therapy for LQT1, SCN5A-SupRep gene therapy
successfully corrected/normalized the pathologic APD90, thereby
eliminating the pathognomonic feature of LQT3.

BS-513-02
GENOME-WIDE ASSOCIATION ANALYSES IDENTIFY
NOVEL BRUGADA SYNDROME RISK LOCI AND
HIGHLIGHT A NEW MECHANISM OF SODIUM CHANNEL
REGULATION IN DISEASE SUSCEPTIBILITY
Julien Barc PhD; Rafik Tadros MD, PhD; Charlotte Glinge;
David Y. Chiang MD, PhD; Mariam jouni PhD; Floriane Simonet;
tium The International Brugada Syndrome Genetics Consor,
Michael Tanck; Alfred L. George MD; Calum A. MacRae MD,
PhD; Paul Burridge PhD; Christian Dina PhD; Vincent Probst MD;

BS-513-03
SCN5A MUTATIONS AND THE ROLE OF GENETIC
BACKGROUND IN THE PATHOPHYSIOLOGY OF BRUGADA
SYNDROME
Vincent Probst MD; Sylvie Geoffroy; Sylvie Geoffroy;
Philippe MABO; Jacques Mansourati MD; Jean-Luc Pasquie MD,
PhD; Sylvie Geoffroy MD; Alain Al Arnaout MD; Dewey Petit;
Olivier Billon; Philippe MABO; Frederic Sacher MD, PhD and
Jean Baptiste Gourraud MD, PhD
Background: Mutations in SCN5A are identified in
approximately 20% to 30% of probands affected by Brugada
syndrome (BrS). However, in familial studies, the relationship
between SCN5A mutations and BrS remains poorly understood.
Objective: The aim of this study was to investigate the
association of SCN5A mutations and BrS in a group of large
genotyped families.
Methods: Families were included if at least 3 family members
were carriers of the SCN5A mutation, which was identified in the
proband. Families were recruited from 12 tertiary centers in
France between 1995 and 2020.Type 1 ST elevation was defined
by 2 mm J-point elevation with coved ST segment and negative
T wave.
Results: Forty-nine large families composed of 600 members
including 304 mutation carriers (51%) were studied. The
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signature type I ECG was present in 160 mutation carriers (BrSECG+; 53%). In 42 families, we found 33 individuals affected by
BrS but with a negative genotype (mutation-negative BrSECG+). Among them, 5 patients have an ECG suggestive of BrS
but without the complete signature type I ECG. Among these 33
mutation-negative BrS-ECG+ individuals, 3 (9%), belonging to 3
different families, had a spontaneous type I ECG, whereas 28
had a type I ECG only after the administration of sodium channel
blockers. Three of these 33 individuals (9%) had also
experienced syncope. Mutation carriers had, on average, longer
PR (190 6 36 ms vs 154 6 29 ms, p,0,0001) and QRS (107 6
19 vs 92 6 29 ms, p,0,0001) intervals than noncarriers,
demonstrating that these mutations exerted functional effects.
Conclusion: Our results suggest that SCN5A mutations are not
directly causal to the occurrence of a BrS-ECG+ and that genetic
background may play a powerful role in the pathophysiology of
BrS. These findings are consistent with the notion that the
pathophysiology of BrS includes various elements beyond
mutant sodium channels.

BS-513-04
BURDEN AND CLINICAL CHARACTERISTICS OF THAI
BRUGADA SYNDROME PATIENTS CARRYING RARE
SCN5A VARIANTS OF UNCERTAIN SIGNIFICANCE
John Mauleekoonphairoj MSc; Apichai Khongphatthanayothin;
Roddy Walsh; Boosamas Sutjaporn; Pharawee Wandee;
Arthur A.M. Wilde MD, PhD; Yong Poovorawan;
Connie R. Bezzina PhD and Koonlawee Nademanee MD, FHRS,
CCDS
Background: Loss-of-function variants in the sodium channel asubunit (SCN5A) are associated with Brugada Syndrome (BrS).
As Southeast Asians are understudied, the detected variants
often lack supporting evidence and are absent in current clinical
databases. This creates a challenge as variant interpretation
resulted in over 90% of rare variants detected being classified as
variants of uncertain significance (VUS) according to ACMG
guideline.
Objective: To investigate the burden of rare SCN5A variants in
Thai BrS patients and to examine the clinical characteristics of
BrSpatients with rare SCN5A variants.
Methods: Burden testing was performed on 196 cases and 394
controls. Rare variants, with allele frequency in gnomAD
database (AF , 0.001), were included. Testing was further
performed on variants prioritized with CADD score, a measure of
variant deleteriousness (CADD.25). Clinical characteristics of
Brugada Syndrome patients with rare SCN5A variants were
assessed.
Results: Rare SCN5A variants are associated with Thai BrS
cases (p5 0.04, 8.16% vs 3.04%). An enrichment of prioritized
variants was observed in BrS cases (p5 2.31x10-(5), 5.61% vs
0.5% ). No significant differences were found in clinical
characteristics of patients with and without rare SCN5A variants.
However, patients with prioritized SCN5A variants (n511)
showed significantly earlier age-onset of first cardiac event when
compared to patients with rare SCN5A variants (p , 0.02, upper
figure) and other BrS cases in the cohort (p , 0.01 lower figure).
Conclusion: BrS patients carrying SCN5A variants predicted to
be deleterious show earlier age-onset of first cardiac event. The
variable clinical characteristic in patients with rare SCN5A and
prevalence of rare SCN5A variants in controls suggests that
interpreting rare variants must be done with caution, especially in
understudied populations where supporting evidence is limited.
Further studies are needed for using prioritized SCN5A variants
to aid in the diagnosis or prognostication of patients with BrS.

Heart Rhythm, Vol 19, No 5, May Supplement 2022

ABSTRACT CA-530:
Delivering Durable Lesions: Utilizing Surrogates to
Guide Ablation in the Atrium and Ventricle
Friday, April 29, 2022
2:15 PM - 3:15 PM

CA-530-01
USE THE FORCE: ADEQUATE CATHETER CONTACT
FORCE IS CRITICAL FOR HIGH QUALITY LESIONS GUIDED
BY ABLATION INDEX
Omar Kreidieh MD; Clinton J. Thurber MD; John Whitaker BCH,
BM, PhD; Nathaniel Steiger MD; Uyanga Batnyam MD;
David Chang MD; Sunil Kapur MD; Thomas M. Tadros MD, MPH;
Bruce A. Koplan MD, MPH, FHRS; Usha B. Tedrow MD, MS,
FHRS; William H. Sauer MD, FHRS, CCDS and Paul C. Zei MD,
PhD, FHRS
Background: Ablation Index (AI) is a measure used to estimate
lesion size based on power, contact force (CF), and lesion
duration. Ideally, AI-guided titration of lesion duration corrects for
variations in contact force. Impedance drop is a validated
measure that correlates well with lesion formation. Therefore,
analysis of the relationship between AI, CF, and impedance drop
may offer insight into possible residual influences of CF on lesion
formation.
Objective: To investigate and characterize the impact of CF on
impedance drop during AI-guided ablation.
Methods: We retrospectively reviewed atrial fibrillation ablation
cases (AFAs) performed at a single center. We examined the
correlation between CF and Impedance drop within narrow
ranges of AI (17 groups). In a secondary analysis, we matched
lesion pairs with high and low CF (, 10 g and . 20 g) for stability,
AI, lesion location, and power. Matched pairs were compared
using a t-test.
Results: There were 13444 lesions with AI between 320 and 530
from 91 AFAs. For lesions that had a low AI (, 402.3), we
observed mostly no residual correlation between contact force
and impedance drop ( Fig 1). For lesions with high AI (. 402.3),
we observed a consistent significant correlation between CF and
impedance drop (Fig 1).
In the matched sample, the high CF group had a greater
impedance drop when compared to the low CF group: 8.5 65.3 vs
7.0 64.0 Ohms p , 0.01 (Figure 2), despite having similar AI.
When examining the subset of matched pairs with AI , 400, we
observed no significant difference in impedance drop between the
high and low CF groups: 6.7 64.7 vs 6.5 64.1 Ohms (p 5 0.6).
When examining the matched pairs with AI . 400, we again
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observed a significant difference: 9.8 65.3 vs 7.3 63.9 Ohms p ,
0.01 (Fig 2).
Conclusion: Contact force had an important residual impact on
impedance drop in high AI lesions ( . 400) but not in low AI
lesions (, 400). This may be due to differences in conductive
versus resistive heating requirements. Ablation Index using a
fixed formula for duration, force, and power, may not accurately
predict lesion formation throughout all value ranges and
optimization of adequate contact force remains important for
larger and deeper lesions.
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map was then co-registered with post-ablation MRI to delineate
regions of transmural scar by ablation. Ablation lesion
parameters were collected within each region.
Results: Post-ablation dense scar formation was observed in
97.7% area of regions with LGE vs. 55.6% of regions without LGE
(p 5 0.003). Post-ablation dense scarring was associated with
ablation lesions that had higher AI, in both regions with (p , 0.01)
and without LGE (p 5 0.01). However, the AI required to achieve
dense scar was significantly lower in regions with LGE seen on
pre-ablation MRI compared to regions without LGE (median AI
with IQR: 379 (359,407) vs 393 (366,426), p 5 0.02, MRI-LGE vs
non-LGE). (Figure)
Conclusion: Effective ablation lesion is more feasible in LAPW
regions with fibrotic remodeling demonstrated by pre-ablation
MRI-LGE. Tailored AI-guided LAPW ablation may of benefit to
achieve adequate lesions while minimizing collateral heat injury
due to excessive ablations.

Figure 2: A plot of impedance drop by CF group in AI matched
pairs. A significant difference is seen for the overall sample and
pairs with AI . 400.

CA-530-03
CA-530-02
LOWER ABLATION INDEX IS REQUIRED FOR POSTABLATION DENSE SCAR FORMATION AT THE LEFT
ATRIAL POSTERIOR WALL REGIONS WITH MRI-LATE
GADOLINIUM ENHANCEMENT
Dan L. LI MD; Yichi Zhang BS; Tarek ayoub MD; Abdel Hadi El
Hajjar; Chao Huang PhD; Charbel Noujaim MD, MS;
Mario Mekhael and Nassir F. Marrouche MD, FHRS
Background: Late gadolinium enhancement in magnetic
resonance imaging (MRI-LGE) at the left atrial posterior wall
(LAPW) is a surrogate of fibrotic remodeling and is often targeted
in persistent atrial fibrillation (PrAF) ablation. It is unclear whether
ablation efficacy differs between regions with and without LGE at
the LAPW.
Objective: We aim to study the association of ablation index (AI)
and post-ablation transmural scarring, in regions with preablation MRI-LGE vs regions without.
Methods: A total of 14 PrAF patients who underwent pulmonary
vein isolation and posterior wall debulking were included, and a
total of 493 ablation lesions were analyzed. All patients had a preablation MRI and a 3-month post-ablation MRI. Electroanatomic
(EA) map was co-registered with pre-ablation MRI to delineate
the posterior wall regions with and without LGE, respectively. EA

TAILORED ABLATION INDEX BASED ON LEFT ATRIAL
WALL THICKNESS ASSESSED BY COMPUTED
TOMOGRAPHY FOR PULMONARY VEIN ISOLATION IN
PATIENTS WITH ATRIAL FIBRILLATION
So-Ryoung Lee MD; Eue-Keun Choi MD, PhD;
Hyoungseob Park MD and Seil Oh MD, PhD, FHRS
Background: Although left atrial wall thickness (LAWT) is known
to be diverse, fixed target Ablation Index (AI) value has been
recommended in radiofrequency catheter ablation (RFCA) of
pulmonary vein isolation (PVI) in patients with atrial fibrillation
(AF).
Objective: To evaluate the efficacy of tailored ablation for PVI
based on LAWT assessed by cardiac computed tomography
(CT).
Methods: LAWT was evaluated by cardiac CT. The thick
segment was defined as the segment including LAWT grade 3
(1.5 mm) among 14 prespecified pulmonary vein (PV)
segments (Figure A). Using SmartTouch SF catheter (Biosense
Webster Inc., CA, US), point-by-point ablation was delivered at
40W on the anterior/roof segments and 25-35W on the posterior/
inferior/carina segments. In the fixed AI group, AI targets were
450 on the anterior/roof segments and 350 on the posterior/
inferior/carina segments regardless of LAWT. In the tailored AI
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group, AI targets were increased to 500 on the anterior/roof
segments and 400 on the posterior/inferior/carina segments
when ablating the thick segment. After PVI, acute reconnection
defined by the composite of residual potential and early
reconnection was evaluated.
Results: A total of 156 patients (mean age 6069 years, men
73%, and paroxysmal AF 72%) undergone AF RFCA using AIguided PVI were consecutively included (86 for fixed AI group
and 70 for tailored AI group). There were no significant
differences in the baseline characteristics of the two groups. In
the tailored AI group, 57 patients (81.4%) had at least one thick
segment (mean 2.762.1 segments among prespecified 14 PV
segments). The prevalence of thick segments among 14 PV
segments is presented in Figure B. Tailored AI group showed a
significantly lower rate of segments with acute reconnection than
the fixed AI group (8% vs. 5%, p50.007). Tailored AI group
showed a trend for shorter ablation time for PVI between the two
groups (3668 min for tailored AI group vs. 3968 min for fixed AI
group, p50.051). There was no significant procedure-related
complication in both groups.
Conclusion: Applying tailored AI based on the LAWT was a
feasible and effective strategy to reduce acute reconnection after
PVI. Further investigation is needed to identify the long-term
efficacy and safety of tailored AI strategy in AF RFCA.
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healthy beating ventricles, a similar positive correlation between
AI values and lesions width and depth was observed (R50.99,
P,0.01; R50.97, P,0.01, respectively) with 90% of lesion depth
achieved at an AI value of 900. In contrast, AI did not correlate
with lesion depth at infarcted myocardium (R5-0.23, P50.74).
Furthermore, lesion architecture was influenced by the spatial
relationship between viable and scarred myocardium, with lesion
growth-restricted predominantly to viable myocardium superficial
to the infarct. Figure 2 shows gross pathological examples of
lesions at variable AI values in healthy and scarred ventricular
myocardium.
Conclusion: In healthy ventricle, AI has a positive correlation to
lesion dimensions with submaximal depth achieved at an AI
value of 700. However, in scarred myocardium, AI has a poor
correlation to lesion dimensions, with lesion growth restricted to
viable myocardium superficial to the infarct.

CA-530-04
UTILITY OF ABLATION INDEX FOR GUIDING ABLATION IN
VENTRICULAR TISSUE
Israel Zilberman DVM; Arwa Younis MD; Hagai Yavin MD and
Elad Anter MD
Background: Ablation index (AI) is a widely used variable
incorporating power, time, and contact force for predicting lesion
size for radiofrequency ablation (RFA). Its utility for guiding
ablation in ventricular tissue, and particularly in clinically relevant
scar tissue, has not been studied.
Objective: To examine the utility and limitations of AI for
predicting lesions dimensions in healthy and scarred ventricular
tissue.
Methods: This study included three steps: 1) In an ex-vivo bath
model of fresh porcine hearts, RFA was performed using
Thermocool STSFÒ (Biosense Webster) at a fixed power of 30W
and an AI value range of 400-1200 at increments of 100; 2) In an
in-vivo beating heart model of healthy porcine, RFA was
performed at an AI value range of 500-900 at increments of 100;
3) in an in-vivo beating heart model of healed anterior wall
infarction, RFA at an AI value range of 600-900 was performed at
scar border zone defined by low voltage and abnormal
electrograms. The relationship between AI and lesions
dimensions was analyzed.
Results: In ex-vivo hearts, lesion width and depth had positive
correlation with AI values (R50.97, P,0.01; R50.96, P,0.01,
respectively). The relationship between lesion width and depth
was linear between AI values of 400-900 (Width 1.4mm/100;
Depth 0.9mm/100) but became flatter at 900-1200 (Width
0.05mm/100; Depth 0.28mm/100) as shown in Figure 1. In
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CE-522-01
COMPARISON OF THE EFFICACY OF BI-V VS RV BURST
ATP IN TERMINATING VT IN PATIENTS WITH NONISCHEMIC VS ISCHEMIC CARDIOMYOPATHY
Mathew Hindi BSc (Hons); Katerina Schwab BSc, MSc;
Jeslene K. Sandhu BSc; Sarah Singh MD, MPH, PhD;
Anthony S. Tang MD, FHRS; Jeffrey S. Healey MD, FHRS;
Bernard Thibault MD, FHRS; John L. Sapp MD, FHRS;
Vidal Essebag MD, PhD, FHRS; Pablo B. Nery MD;
Laurence D. Sterns MD, FHRS; David H. Birnie MD and
Matthew T. Bennett MD, FHRS
Background: Anti-tachycardia pacing (ATP) is effective at
terminating reentrant ventricular tachycardias.
Objective: We sought to assess whether there is a difference in
the efficacy between Bi-V vs RV only ATP in patients with nonischemic compared to ischemic cardiomyopathy.
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Methods: Patients enrolled in the RAFT trial from 2003 to 2009
were included. The success of the initial ATP attempt at
terminating monomorphic VT and incidence of ICD shock
dependent on location of ATP delivery (Bi-V vs RV) and type of
cardiomyopathy (ischemic vs non-ischemic) was assessed.
Results: 12,311 VT episodes from 1,798 patients treated with
ATP were included. The success of the initial ATP at terminating
VT was 60.8% (1160/1909) for Bi-V ATP and 69.4% (4506/6489)
for RV only ATP (p,0.001). An ICD shock was required following
an unsuccessful Bi-V and RV ATP attempt in 50.3% vs 59.2% VT
episodes (p,0.001), respectively.The initial burst ATP was
successful at terminating VT in 64.8% and 67.5% of patients with
non-ischemic vs ischemic cardiomyopathy (p50.010),
respectively. The success rate of Bi-V and RV ATP was 65.4%
and 65.8%, respectively (p50.80) in patients with non-ischemic
cardiomyopathy and 45.9% and 77.6%, respectively (p,0.001)
in patients with ischemic cardiomyopathy.
Conclusion: It appears that an initial RV ATP is more effective
than a Bi-V ATP at terminating VT, particularly among patients
with ischemic cardiomyopathy. However, RV ATP resulted in a
higher proportion of ICD shocks when ATP was unsuccessful.
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1.0-1.84), p50.052). A LVEF 32% was the optimal threshold to
identify patients at risk for MHT (AUC 0.75). MHT per 100 personyears was 40.4 after early VT recurrence and significantly higher,
compared to 14.2 after later VT recurrence and to 8.5 after RFCA
with no VT recurrence (both p,0.01). Mortality rates for patients
with VT recurrence after 30 days were not significantly higher
than for patients with no VT recurrences Patients with early
recurrence and LVEF32% had a 1-year MHT rate of 55%
(figure). VT recurrence was predicted by prior ICD shocks, basal
antero-septal VT origin, and procedural failure but not LVEF.
Conclusion: DCM patients needing RFCA for VT are a high-risk
group. Following RFCA half remain free of VT recurrences. Early
VT recurrence with LVEF,0.32 identifies those with a very high
risk and screening for mechanical support/ HT should be
considered. Late VT recurrence after RFCA does not predict
worse outcome.

CE-522-02
THE OUTCOME SPECTRUM FOR DILATED
CARDIOMYOPATHY AND VENTRICULAR TACHYCARDIA:
RESULTS FROM THE PROSPECTIVE, MULTICENTER, DCM
VT ABLATION STUDY
Katja Zeppenfeld MD, PhD; Adrianus P. Wijnmaalen MD;
Micaela Ebert MD; Samuel H. Baldinger MD; Valentina Catto;
Marmar Vaseghi MD, MS, PhD, FHRS; Arash Arya MD, FHRS;
Saurabh Kumar MD, PhD, FHRS; Marta De Riva Silva MD;
Thomas Gaspar MD; Usha B. Tedrow MD, MS, FHRS;
Thomas Deneke MD, PhD, FHRS; Kyoko Soejima MD;
Christopher Piorkowski MD; Kalyanam Shivkumar MD, PhD,
FHRS; Corrado Carbucicchio MD; Antonio Berruezo PhD;
Gerhard Hindricks MD and William G. Stevenson MD, FHRS
Background: Recurrent sustained ventricular tachycardia (VT)
due to non ischemic dilated cardiomyopathy (DCM) is difficult to
treat and long-term outcome data are limited.
Objective: We aimed to identify predictors for mortality or heart
transplantation (MHT) and VT recurrence.
Methods: Consecutive DCM patients accepted for VT catheter
ablation (RFCA) in 9 centers were prospectively enrolled and
followed.
Results: Of 281 consecutive patients (age 60613yrs, 85% men,
LVEF 36612%) 35% had VT storm, 20% incessant VT, and 68%
failed amiodarone. During a median follow-up of 21 (IQR 6-30)
months after RFCA (epicardial in 58%, no RFCA due to
inaccessible target in 6.4%), 67(24%) patients died/underwent
HT and 138(49%) had VT recurrence (45 within 30 days defined
as early); the cumulative 4-year rate of VTor MHTwas 70% and of
MHT 38%. In multivariable analysis predictors of MHT were early
VT recurrence (HR 2.92 (CI1.37-6.21), p,0.01), amiodarone at
discharge (HR 3.23 (CI1.43-7.33, p,0.01), renal dysfunction
(HR 1.92 (CI1.01-3.64), p50.046), and LVEF (HR 1.36 (CI

CE-522-03
LONGITUDINAL PREDICTION OF VENTRICULAR
ARRHYTHMIAS IN PATIENTS WITH ARRHYTHMOGENIC
RIGHT VENTRICULAR CARDIOMYOPATHY
Richard Carrick MD PhD; Anneline Te Riele MD, PhD;
Alessio Gasperetti MD; Laurens P. Bosman MD;
Julia Cadrin-Tourigny MD, MS, CCDS; Fabrizio Tundo MD;
Kristin Pendleton BS; Crystal Tichnell MS, RN; nicoline P. van den
berg MD; Jeroen F. van der Heijden; Peter van Tintelen MD, PhD;
Arthur A.M. Wilde MD, PhD; Sing-Chien Yap MD, PhD;
Katja Zeppenfeld MD, PhD; Hugh Calkins MD, FHRS;
Cynthia A. James PhD, CGC and Katherine C. Wu MD
Background: The arrhythmogenic right ventricular
cardiomyopathy (ARVC) risk calculator (https://www.arvcrisk.
com) stratifies risk for ventricular arrhythmia (VA) at the time of
ARVC diagnosis. However, the risk factors included in the ARVC
calculator change with time, and how well it performs at follow up
evaluations is unknown.
Objective: To identify the temporal trends of VA risk
factors and test the longitudinal performance of the ARVC
calculator.
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Methods: This was a retrospective analysis of ARVC patients
without prior VA (sustained ventricular tachycardia (VT),
appropriate ICD therapy, sudden cardiac death/arrest) enrolled in
the Johns Hopkins Hospital ARVC registry and Netherlands ACM
registry. Risk factors for VA (age, sex, history of cardiac syncope,
burden of PVC on 24-hour heart monitor, history of non-sustained
VT, number of T-wave inversions on ECG, and right ventricular
ejection fraction) were assessed at the time of ARVC diagnosis
and upon repeat evaluations. The 5-year risk of VA was predicted
longitudinally using 1) the ARVC calculator (baseline risk factors),
2) the ARVC calculator (updated risk factors), 3) time varying Cox
regression.
Results: 408 patients (37615 years old, 40% male) were
followed for a median of 5.2 [2.8, 9.6] years, during which time
132 experienced a first VA (4.0% events/year). Comparison of
risk factors at baseline versus at .5 years of follow up revealed
decreases in 24-hour PVC Burden (3,560 vs 2,510) and
prevalence of non-sustained VT on the most recent Holter (53%
vs 27%), and an increase in number of T-wave inversions (3.4 vs
3.9 leads). Prevalence of right ventricular dysfunction was
unchanged. When calculated using baseline risk factors, the
ARVC calculator’s ability to predict 5-year VA risk worsened after
3 years of follow up (from ROC-AUC 0.82 at baseline to 0.69 by 5
years). When calculated using updated risk factors, the ARVC
calculator (ROC-AUC 0.77) performed as well as time varying
Cox regression (ROC-AUC 0.77) after 5 years of follow up
(Figure).
Conclusion: Risk factors for VA in ARVC change over time. Upto-date assessment of these risk factors is warranted for VA risk
stratification at evaluations beyond 3 years from the time of initial
ARVC diagnosis.

CE-522-04
MORTALITY AND MORBIDITY OF CARDIAC SARCOIDOSIS:
AN INTERNATIONAL REGISTRY
Thomas C. Crawford MD, FHRS; Jordana Kron MD, FHRS;
Xiaokui Gu; M. Rizwan Afzal MD; Alexandru B. Chicos MD;
Henri Roukoz MD, FHRS; Peter J. Zimetbaum MD, FHRS;
Francis D. Murgatroyd MD, FHRS; Kathryn Martin;
Mikhail Torosoff; David A. Steckman MD, FHRS;
Pyotr G. Platonov MD, PhD, FHRS; Adarsh K. Bhan MD, FHRS;
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Lynda E. Rosenfeld MD, FHRS; David B. De Lurgio MD, FHRS;
Ann C. Garlitski MD, FHRS; Vasanth Vedantham MD, PhD;
Kyoko Soejima MD; Jason Appelbaum MD; TimmMichael Dickfeld MD, PhD; Matthew L. Ortman MD;
Kazuaki Kaitani MD; Suguru Nishiuchi;
Calambur Narasimhan MD; Kristen K. Patton MD, FHRS;
David Rosenthal; Khaled Nour; Siddharth S. Mukerji MD, FHRS,
CCDS, CEPS-A; Katja Zeppenfeld MD, PhD;
Matthew M. Zipse MD; Marc Judson; Marc Judson;
William H. Sauer MD, FHRS, CCDS; Kenneth A. Ellenbogen MD,
FHRS; James Froehlich; Kim A. Eagle and Frank M. Bogun MD
Background: Sarcoidosis is a rare disease that can affect the
heart and can cause ventricular tachyarrhythmias, AV block or
heart failure. Patients with cardiac involvement may have
shortened lifespans. Cardiac factors impacting outcomes have
not been systematically analyzed.
Objective: To define predictors of adverse outcomes in patients
with cardiac sarcoidosis.
Methods: The International Cardiac Sarcoidosis Consortium is a
prospective multicenter registry of patients diagnosed with
cardiac sarcoidosis (CS). Adverse events were defined as
appropriate therapy via an implanted cardiac defibrillator (ICD)
therapy, implantation of left ventricular assist device (LVAD),
cardiac transplantation, and/or death.
Results: A total of 587 patients meeting criteria for CS were
analyzed. A total of 168 patients (29%) had at least one adverse
event including 144 patients who had an adverse event after CS
diagnosis. In total 115 patients (68.5%) had appropriate ICD
therapy, 9 patients (5.4%) underwent LVAD implantation, 20
patients (11.9%) had heart transplantation, and 47 died (28%).
By multivariable Cox regression analysis during a median
follow-up of 3.2 years (IQR 1.2-7), patients presenting with
sustained ventricular tachycardia (VT) (HR: 2.24, 95% CI: 1.413.54, p,0.001), with a left ventricular ejection fraction ,5 35%
(HR: 2.16, 95% CI: 1.34-3.47, p50.002), and/or patients who
were prescribed antiarrhythmic medications prior to diagnosis
of CS (HR 2.16, 95% CI: 1.36-3.44, p50.001) had an
independently increased risk for adverse events during followup (see figure).
Conclusion: Patients with cardiac sarcoidosis who present with
impaired left ventricular function, life threatening arrhythmias,
and who are being treated with antiarrhythmic medication prior to
diagnosis of CS have an increased risk in adverse cardiovascular
outcomes.
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and without significant leaks yielded to a risk reduction of 26.5%
and 92.9% (Fig. 1B).
Conclusion: Transcatheter leak occlusion via endovascular coils
was safe. LAA leak closure led to a significant reduction in TE
events.

ABSTRACT CE-538:
Left Atrial Appendage Occlusion: Trials and
Tribulations
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LEFT ATRIAL APPENDAGE CLOSURE IS ASSOCIATED
WITH REDUCED NON-PROCEDURAL BLEEDING
COMPARED TO NOAC TREATMENT: A SUB-ANALYSIS OF
THE 4-YEAR FOLLOW-UP OF THE PRAGUE-17 TRIAL

CE-538-01

Pavel Osmancik MD; Petr Neuzil MD; Dalibor Herman;
Stepan Havranek; Milos Taborsky MD; Viastimil Vancura MD;
Petr Peichl MD, PhD and Vivek Y. Reddy MD

TRANSCATHETER LEAK OCCLUSION WITH
ENDOVASCULAR COILS FOLLOWING LEFT ATRIAL
APPENDAGE CLOSURE: PROCEDURAL SUCCESS AND
OUTCOMES BEFORE AND AFTER LEAK CLOSURE
Michele Magnocavallo; Domenico G. Della Rocca MD;
Sanghamitra Mohanty MBBS, MD, MS, FHRS; Carola Gianni;
Mohamed A. Bassiouny MBChB, MD; Amin Al-Ahmad MD,
FHRS, CCDS; J. David Burkhardt MD, FHRS;
G. Joseph Gallinghouse MD, FHRS;
Dhanunjaya R. Lakkireddy MD, FHRS; Rodney P. Horton MD,
FHRS; Luigi Di Biase MD, PhD, FHRS and Andrea Natale MD,
FHRS
Background: Whether residual peri-device leaks after left atrial
appendage occlusion (LAAO) portend a higher risk of
thromboembolism (TE), it is still a matter of debate.
Objective: We report the TE risk in patients with incomplete LAA
closure before and after leak closure with endovascular coils.
Methods: One hundred twenty-four Watchman patients with a
significant (3mm) leak (mean age: 74 6 9 years; 66.9% males;
CHA2DS2-VASc: 4.4 6 1.7; HAS-BLED: 3.1 6 1) underwent LAA
leak coiling. The expected annual TE risk was estimated based
on the patients’ CHA2DS2-VASc and compared with the
annualized incidence observed before and after coiling (Fig.1B).
Results: The time between LAAO and leak coiling was 866
months [83 patients-year (PY)]; before leak closure, 6 (4.8%)
patients had a TE event (annualized rate: 7.2%). Coil deployment
was successful in all cases [median n. of coils deployed: 5 (IQR:
2-10)]. Procedure time was 79 6 40 min; the mean volume of
iodinated contrast medium used was 80 6 43mL. The overall
complication rate was 2.4% (1 pericardial tamponade, 2
pericardial effusion). Follow-up TEE after 61614 days revealed
complete LAA sealing or a negligible leak in 117 cases (94.4%);
the remaining 7 patients had a moderate leak. During 1466
months post-coiling (145 PY), 1 (0.8%) patient suffered from
stroke. The incidence of TE events was significantly lower after
leak closure than before coiling (0.8% vs 4.8%; log-rank p50.02;
fig.1A). The annualized TE rates were 7.2% before and 0.7%
after leak closure (Fig. 1B). According to the expected rate
estimated from the patients’ CHA2DS2-VASc (9.8%), LAAO with

Background: In PRAGUE-17, the first randomized controlled
trial comparing non-vitamin K oral anticoagulants (NOACs;
w95% Apixaban) with LAAC (Amulet or Watchman) in high-risk
patients with nonvalvular AF, LAAC was noninferior to NOACs in
preventing the composite endpoint of major AF-related
cardiovascular, neurological or bleeding events.
Objective: To compare the type and severity of bleeding events
with NOAC vs LAAC.
Methods: The primary endpoint in PRAGUE-17 was a
composite of a cardioembolism (stroke, TIA, systemic embolism),
cardiovascular death, procedural complications and ISTH major
(MB) or clinically-relevant non-major bleeding (CRNMB) - the
latter defined as bleeding requiring hospitalization or an invasive
procedure, but not meeting MB criteria.
Results: A total of 402 pts (mean age 73.367.0 years; 34.3%
women, CHA2DS2-VASc 4.761.5; HASBLED 3.060.9) were
enrolled (201 per arm), with 4-years follow-up. Bleeding occurred
in 24 pts (29 events) in the LAAC group and in 32 pts (40 events)
in the NOAC group. Six bleeds in the LAAC group were
procedure/device related. In the primary modified ITT analysis,
LAAC was associated with similar rates of ISTH major and nonmajor bleeding (Table). The rate of non-procedural ISTH- MB/
CRNMB was significantly reduced in the LAAC group (sHR 0.55,
95%CI 0.31-0.97, p 5 0.039). The rates of non-procedural MB
were not significantly different between groups (0.69, 95%CI
0.34-1.39, p50.3); but the rate of non-procedural CRNMB was
lower in the LAAC group (sHR 0.43, 95%CI 0.18-1.03, p 5
0.059). Per protocol and on-treatment analyses revealed similar
results. Gastrointestinal bleeding represented the most common
type of bleeding (w 50%) in both groups.
Conclusion: After a 4 year follow-up period in the PRAGUE-17
randomized trial, LAAC was associated with a reduced rate of
non-procedural bleeding - a reduction that was mainly driven by a
decrease in clinically-relevant non-major bleeding. On the one
hand, this is not surprising given the relatively good safety profile
of NOACs; on the other hand, clinically-relevant non-major
bleeding is not benign, as it leads to hospitalization and often
leads to NOAC discontinuation.
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CE-538-04
INTRACARDIAC ECHOCARDIOGRAPHY-GUIDED LEFT
ATRIAL APPENDAGE OCCLUSION WITHOUT
CINEANGIOGRAPHY
Akanibo Da-Wariboko BS, MD; Thomas Flautt; Adi Lador MD;
Apoor Patel MD and Miguel Valderrabano MD

CE-538-03
INCIDENCE, PREDICTORS, AND CLINICAL OUTCOMES OF
PERI-DEVICE LEAK IN SUBJECTS UNDERGOING
TRANSCATHETER LEFT ATRIAL APPENDAGE CLOSURE
IN THE AMULET IDE TRIAL
Christopher R. Ellis MD, FHRS; Matthew Price MD;
Jens Erik Nielsen-Kudsk MD; David Thaler MD, PhD;
Nigel Gupta MD; Konstantinos Koulogiannis MD and
Dhanunjaya R. Lakkireddy MD, FHRS
Background: The Amulet IDE trial is a prospective, global,
randomized (1:1) trial of the AmplatzerÔ AmuletÔ LAA
occluder (Abbott) versus the WatchmanÔ LAA closure (LAAC)
device (Boston Scientific) in subjects with non-valvular AF.
Mismatch between LAA anatomy and LAAC device can result in
peri-device leaks (PDLs). The association of PDL to stroke has
been unclear.
Objective: Investigate the incidence, predictors, and clinical
outcomes of PDL in subjects in Amulet IDE trial.
Methods: Subjects in the Amulet IDE trial were at a high risk of
stroke or systemic embolism defined as CHA2DS2-VASc score
of 3. Protocol mandated transesophageal echocardiography
(TEE) was performed at 45 days and 12 months postprocedure. An independent echo core lab analyzed all TEE
images for the presence or absence of PDL. PDL was graded as
the single largest jet visualized around the device from a
minimum of 3 Doppler views. Based on recent literature and the
median leak size observed in this study of 3mm, a binary
analysis defining PDL as 3mm was used in this post-hoc
analysis.
Results: A total of 1,788 subjects were successfully implanted
as randomized with an AmuletTM occluder (N5903) or
WatchmanTM device (N5885). A total of 1,593 (89%) subjects
had an evaluable TEE at 45 days (801 Amulet and 792
Watchman) and 1,291 (72%) at 12 months (673 Amulet and 618
Watchman). Baseline characteristics of subjects with PDL were
well-matched between the devices (75.666.9 years, 59.0%
males, CHA2DS2-VASc 4.861.4). Amulet occluder had superior
closure (,3mm) compared to Watchman device at both 45 days
(89% vs 74%; p,0.001) and 12 months (91% vs 78%;
p,0.001). In multivariable analysis, device type (Watchman as
opposed to Amulet) and increased CHA2DS2-VASc score
identified subjects at increased risk for PDL. In a landmark
analysis, subjects with PDL at 45 days had increased rates of
ischemic stroke or systemic embolism at 12 months (2.8% vs.
0.9%; p50.011) with no significant interaction between the
device groups (p50.663).
Conclusion: The dual-seal AmuletTM occluder demonstrated
superior closure through 12 months compared to the singleocclusive WatchmanTM device. PDL at 45 days was associated
with a higher incidence of ischemic stroke or systemic embolism.
Long-term clinical implications and progression of PDL should be
an area of future investigation.

Background: Left atrial appendage closure (LAAC) with the
WATCHMAN device relies on contrast cineangiography of the left
atrial appendage. Clinical indications for LAAC commonly
overlap with substantial comorbidities including renal
dysfunction. An approach to limit or eliminate the use of contrast
agents is highly desirable. Intracardiac echocardiography (ICE)
has been shown to be effective in guiding LAAC.
Objective: We seek to evaluate the safety and feasibility of ICEguided LAAC without the need of cineangiography of the LAA.
Methods: Patients (N522) with indications for LAAC underwent
WATCHMAN device placement entirely guided by intracardiac
echocardiography without cineangiography of the left atrial
appendage (LAA). Three cases were performed with assisted
guidance by a 3D rendition of the LAA. Follow up imaging was
performed after 6 weeks to assess device position, presence of
leaks or device thrombus.
Results: Deployment of LAA occlusive device was successful in
all patients without acute peri-device leak. There were no
procedural complications. There was no contrast utilized.
Procedural time was 58 6 31minutes. Compression rate was
22 6 8%. Upon follow-up there were no device related thrombus
detected. A mild (,3mm) peri-device leak was noted in one
patient.
Conclusion: ICE-guided WATCHMAN device LAAC without the
use of contrast or fluoroscopy is safe and feasible.
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BS-514-01
SCN10ASHORT AS A NOVEL GENE THERAPY TARGET TO
TREAT CONDUCTION DEFECTS
Jianan Wang; Arie O. Verkerk PhD; Mischa Klerk; Arnie Boender;
Hanno L. Tan MD, PhD; Harsha Devalla;
Vincent M. Christoffels PhD; Phil Barnett and Gerard J. Boink MD,
PhD
Background: Voltage-gated sodium channels play a critical role
in the action potential (AP) upstroke velocity and impulse
propagation in the heart. Sodium channel gene therapy is
challenged by the relatively large transgene size of Sodium
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Voltage-Gated Channel Alpha Subunit 5 (SCN5A), the main
alpha-subunit of the cardiac sodium channel isoform. Our
previous work demonstrated that SCN10Ashort, a small
fragment comprising of the C-terminus of SCN10A, increased
sodium current when co-expressed with SCN5A. In the present
study we therefore explored SCN10Ashort as a novel gene
therapy target.
Objective: To validate SCN10Ashort as a gene therapy target to
increase the cardiac sodium current.
Methods: HEK cells with stable SCN5A expression were
transfected with GFP or SCN10Ashort-FLAG-YFP and fixed for
immunocytochemistry. Human induced pluripotent stem cellderived cardiomyocytes (hiPSC-CMs) were transduced with
GFP and SCN10Ashort-YFP lentiviral vectors. Sodium current
and APs were measured using patch-clamp methodology. For in
vivo studies, GFP and SCN10Ashort-YFP were packaged in
adeno-associated viral (AAV) vectors and these vectors were
validated by immunocytochemistry. Next, AAV vectors were
injected into the left ventricle free wall of adult mice. Two weeks
after injection, mice were sacrificed and cardiomyocytes were
isolated for patch-clamping.
Results: Immunocytochemistry on HEK cells showed
membrane expression of SCN10Ashort, co-localized with
SCN5A. In hiPSC-CMs, overexpression of SCN10Ashort leads
to a significant increase in AP upstroke velocity (195.5 6 29.1 vs
113 6 12.4, p , 0.01), compared to the GFP group. Other AP
parameters were not significantly affected. In vivo studies
confirmed that overexpression of SCN10Ashort increases AP
upstroke velocity (302.4 6 17.5 vs 214.1 6 8.8, p , 0.01 versus
GFP group). AP duration at 20% repolarization (APD20) was
reduced (2.8 6 0.4 vs 1.3 6 0.1, p , 0.05), but APD50 and APD90
were unchanged.
Conclusion: The robust increase in sodium current after in vivo
gene transfer with SCN10Ashort carries substantial promise for
novel gene therapy applications for inherited sodium
channelopathies and acquired pacemaker and conduction
system disorders.
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Results: AAV6-HCN2 and AAV6-SkM1 showed both robust
expression in vitro (NRVMs) and in vivo (mice) (Figure 1B and
1C). We thus proceeded with in vivo testing in CAVB pigs. Within
the first two weeks of gene delivery, maximal beating rate
increased in the HCN2/SkM1-transduced animals (Figure 2B)
and mean heart rate modestly trended up after one week after
injection, although this trend was not sustained (Figure 2A). This
increase in beating rates was accompanied by an abrupt
reduction of electronically paced beats in HCN2/SkM1 animals
showing dependency on backup pacing of less than 50% - one
week after of transgene delivery (Figure 2C). Finally, we
evaluated corrected ventricular recovery times after overdrive
suppression pacing which indicated enhanced intrinsic
pacemaker activity in HCN2/SkM1-injected animals (Figure 2D).
Conclusion: AAV-mediated gene transfer results in robust longterm overexpression of HCN2 and SKM1 in mouse myocardium.
AAV-HCN2/SkM1 gene transfer in CAVB pigs resulted in
transient biological pacemaker activity, potentially stemming from
insufficient in vivo transduction and/or immunological
interference.

BS-514-02
TRANSIENT BIOLOGICAL PACING BASED ON AAV6-HCN2/
SKM1 GENE TRANSFER IN PIGS WITH COMPLETE HEART
BLOCK
Aina Cervera i Barea DVM MSc; Jianan Wang MSc; Mischa Klerk;
Arnie Boender; Max Medina Ramírez PhD; osne kirzner MSc;
Hanno L. Tan MD, PhD; Vincent M. Christoffels PhD;
Klaus Neef PhD and Gerard J. Boink MD, PhD
Background: In an effort to develop hardware-free pacemakers,
we and others have engaged into the development of gene
therapy-based biological pacemakers by means of ion channel
overexpression. Here we report our progress with regard to
adeno associated virus (AAV) vectors-mediated delivery of
HCN2/SkM1 to generate long-term biological pacing.
Objective: To study the long-term efficacy of biological pacing
based on AAV-mediated gene transfer of HCN2/SkM1.
Methods: We tested in vitro AAV-mediated overexpression of
HCN2 and SkM1 on transduced neonatal rat ventricular
myocytes (NRVMs). In vivo gene transfer was further validated
after injecting 1E11 GC of AAV6-cTNT-HCN2 or AAV6-CMVSkM1 into the left ventricle free wall of adult mice. Functional
biological pacemaker studies were performed in pigs with
radiofrequency ablation-induced complete AV block (CAVB).
Four weeks after the ablation, we proceeded with three groups:
non-injected, saline, and AAV6-HCN2/SkM1 (5E12 GC per
vector). All animals were then observed for another four weeks to
evaluate in vivo biological pacemaker performance.

BS-514-03
CRISPRI GENE MODULATION IN PRE-DIFFERENTIATED
HIPSC-CMS COMBINED WITH ALL-OPTICAL
ELECTROPHYSIOLOGY
Julie Han BA and Emilia Entcheva PhD
Background: Current models for cardiotoxicity screening are
limited to only evaluate hERG inhibition for related prediction of
QT prolongation and torsadoegnic potential. More
comprehensive in vitro cardiotoxicity assays are being proposed
using human induced pluripotent stem cell-derived
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cardiomyocytes (iPSC-CMs), aided with experimental and
computational approaches.
Objective: We tested the potential of CRISPRi modulation in predifferentiated iPSC-CMs combining all-optical cardiac
electrophysiology and molecular analysis to characterize
functional phenotypes of key ion channels in the human heart.
Methods: We designed single guide RNAs (sgRNAs) targeting
KCNH2, KCNJ2, and GJA1. The sgRNAs were cloned into a
lentiviral vector with eGFP reporter. A dox-inducible dCas9KRAB was inserted into the AAVS1 safe harbor site of predifferentiated hiPSC-CMs and transduced with lentivirus carrying
the sgRNAs. To deploy all-optical electrophysiology, cells were
transduced with an adenoviral vector containing ChR2-eYFP (for
optical stimulation) and co-labeled with spectrally-compatible
voltage and calcium sensors to obtain functional measurements
upon 5 days of dox induction.
Results: A sgRNA targeting KCNH2 resulted in about 40%
knockdown of KCNH2 mRNA and significant but relatively mild
prolongation of action potential duration, e.g. spontaneous
APD90 (+12%, p,0.05). A sgRNA targeting KCNJ2 caused
about 60% downregulation of mRNA levels and exhibited minimal
changes in spontaneous beat frequency in high density cell
preparations (+7%, n.s.) but more pronounced effects in reduced
density cell preparations (+30%, p,0.01). Additionally, sgRNA
targeting GJA1 exhibited about 40% knockdown of mRNA and
resulted in significant slowing of conduction velocity (-19%,
p,0.01) at 1 Hz pacing conditions.
Conclusion: Knockdown of key cardiac ion channels in our
system yielded mild but specific functional changes. Using this
platform for CRISPRi mediated knockdown of diseaseassociated genes in pre-differentiated cardiomyocytes can
improve the assessment of gene function in cellular cardiac
electrophysiology. In combination with sgRNA libraries and/or
with CRISPRa mediated gene activation, it can allow a more
comprehensive evaluation of the mechanisms controlling cardiac
electromechanics.

BS-514-04
ADENOVIRUS INCREASES ARRHYTHMIA
SUSCEPTIBILITY DURING ACUTE CARDIAC INFECTION
Rachel Lee Padget; Grace A. Blair; Michael D. North;
David R. King; Michael Zeitz PhD; Gregory S. Hoeker PhD;
Sharon Swanger PhD; Steven Poelzing PhD and
James W. Smyth PhD
Background: Myocarditis underlies 42% of sudden cardiac
death in young adults, yet viral arrhythmogenic mechanisms
remain elusive. Adenovirus is a leading cause but speciesspecificity has limited disease modeling in mice. Gap junctions,
composed primarily of connexin43 (Cx43), enable electrical
impulse propagation in the heart. Changes in Cx43 expression,
localization, and/or function cause arrhythmias. Gap junctions
propagate innate and adaptive antiviral responses, and our prior
work has demonstrated that Cx43 expression and function are
reduced during human adenoviral infection.
Objective: Utilize cardiotropic Mouse Adenovirus Type-3 (MAdV3) to investigate how acute viral infection generates an
arrhythmogenic substrate.
Methods: Adult mice were inoculated with MAdV-3 and viral
genomes quantified by qPCR for organ tropism along with
histopathology after 7 days. Cardiac function was measured by
echo- and electrocardiography, and optical mapping. Changes to
ion channel expression and localization were quantified using
RT-qPCR, western blotting, confocal, and super resolution
microscopy of infected tissue and isolated adult ventricular
cardiomyocytes (ACMs), which also underwent patch clamping.
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Results: Viral genomes were specifically enriched in heart tissue
and no cardiomyopathy was detected, just as in human acute
myocarditis. Reductions in cardiac ion channel and connexin
mRNA levels occurred in infected hearts. Cx43 was
phosphorylated at residues known to reduce function and
decreased conduction velocity was found in infected hearts by
optical mapping. Prolonged action potential duration was
detected with impaired K+ currents in infected ACMs by patch
clamping. Microscopy of infected cardiac tissue and ACMs
revealed alterations in gap junction/scaffolding protein
complexing at the cell-cell junction. In human iPSC-derived
cardiomyocytes, Cx43 phosphorylation was increased and
cellular uncoupling detected by optical mapping during human
adenovirus infection.
Conclusion: Reduced cellular coupling and ion channel function
during adenoviral infection generates an arrhythmogenic
substrate prior to an appreciable immune response or
cardiomyopathy development, highlighting contributions of active
infection to electrical disturbances prior to inflammation.

ABSTRACT CA-531:
Insights and Innovations in Ventricular Arrhythmia
Ablation
Saturday, April 30, 2022
10:30 AM - 11:30 AM

CA-531-01
FAT INFILTRATION CONFERS PROPENSITY FOR
VENTRICULAR TACHYCARDIA IN THE POST-INFARCT
SUBSTRATE
Eric Sung BA; Adityo Prakosa PhD; Shijie Zhou PhD, FHRS;
Harikrishna Tandri MD; Ronald D. Berger MD, PhD, FHRS;
Saman Nazarian MD, PhD, FHRS; Jonathan Chrispin MD and
Natalia A. Trayanova PhD, FHRS
Background: Infiltrating adipose tissue (inFAT) is present in the
post-infarct substrate, but its role in ventricular tachycardia (VT)
arrhythmogenesis is not well-established.
Objective: To investigate the role of post-infarct inFAT in VT
propensity.
Methods: 24 post-infarct patients who underwent VT ablation
were prospectively enrolled across two centers. For each patient,
contrast-enhanced computed tomography (CE-CT), late
gadolinium-enhanced magnetic resonance imaging (LGE-MRI),
and substrate mapping during sinus rhythm were acquired.
Voltage amplitude, deceleration zones (DZ) which represent
regions of activation slowing, and substrate-based ablation
locations were compared with the inFATand scar distributions. To
glean deeper insights into arrhythmogenic propensity, novel
hybrid digital heart twins representing the patient-specific inFAT
from CT and scar from MRI were reconstructed. VT circuits were
then induced, assessed, and compared to mapping data (Fig.A).
Results: Combined inFAT and scar had lower voltage and
exhibited stronger correlations with voltage amplitude than that of
scar alone (0.7660.56 vs. 1.1960.47 mV, p,0.0005; r 5 -0.54
vs. -0.45). inFAT and scar exhibited greater isochronal crowding
than scar alone (3(2) vs. 2(1) isochrones, p,0.0005). Most DZs
consisted of combined inFAT and scar (71.1%) rather than scar
alone. The amount of ablated inFAT was strongly correlated with
ablated scar (r 5 0.734, p,0.05). In the digital hearts, 140 VTs
were induced. The total amount of inFAT, but not scar, was
significantly associated with the number of VTs induced
(p,0.05). For most VT circuits, the critical isthmus was
comprised of both inFAT and scar (110/140 VTs) (Fig.B). In a
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multivariate regression adjusting for age, infarct age, and VT
circuit tissue volume, inFAT remodeling within the VT circuit, but
not scar, was a predictor of the amount of DZs (b 5 0.355,
p,0.05) and clinical ablations (b 5 0.323, p,0.005) (Fig.B).
Conclusion: Post-infarct inFAT remodeling creates a critical
arrhythmogenic substrate for VT that needs to be prioritized
during ablation.
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Results: Of 213 patients, 125 (59%) had structural heart disease
(SHD) (coronary disease in 42, cardiomyopathy in 64, valve
disease in 19). Acute ablation success was achieved in 93% of
patients. During long-term follow-up (391 6 253 days), 20% of
patients recurred. After acute failure, late success occurred in 6 of
14 (43%). In patients with SHD, the long-term recurrence rate
was higher compared to patients without SHD (26% vs 11%;
P,0.05), but the acute ablation success rate was similar (92% vs
95%; P50.31)(Figure 1). Outcome varied with PVC origin (Figure
2). Long-term success was greater in patients with outflow tract
(RVOTand LVOT) PVCs than for other PVC origins (85 % vs 67%;
P50.001) despite similar acute ablation success rates (93% vs
91%; P50.70). Thirty seven (17%) patients had PVCs from more
than 1 segment. Acute success (96% vs 84%; P,0.05) and longterm outcome (82% vs 68%; P,0.05) were better for patients
with PVCs from only one versus multiple segments.
Conclusion: In patients with PVCs, the acute effect of ablation
predicts the long-term outcome, but with limited accuracy,
particularly in patients with structural heart disease and PVCs
from multiple origins. Late success after acute failure
occasionally occurs.

CA-531-02
ABLATION OF PREMATURE VENTRICULAR
CONTRACTIONS: DISSOCIATION BETWEEN ACUTE AND
LONG-TERM OUTCOMES
Kenichi Tokutake MD; Kanae Hasegawa MD, PhD;
Travis D. Richardson MD; Jay A. Montgomery MD;
Sharon Shen MD; J.C. Estrada MD; Pablo J. Saavedra MD;
Arvindh Kanagasundram MD, FHRS; Gregory F. Michaud MD,
FHRS and William G. Stevenson MD, FHRS
Background: Acute and long-term outcomes after premature
ventricular contraction (PVC) ablation may vary with structural
heart disease (SHD) and PVC origin.
Objective: To compare acute and long-term outcomes after PVC
ablation according to SHD and origin.
Methods: We reviewed 213 consecutive patients who underwent
PVC ablation. Acute success was defined as abolition of the
target PVC. Follow-up included 12 lead electrocardiographic,
ambulatory monitoring, and symptoms. The origin of PVC was
defined by mapping and elimination by ablation.

CA-531-03
FIRST-IN-HUMAN EXPERIENCE WITH ULTRA-LOW
TEMPERATURE CRYOABLATION FOR MONOMORPHIC
VENTRICULAR TACHYCARDIA
Tom De Potter MD, PhD; Jippe C. Balt MD, PhD;
Lucas V.A. Boersma MD, PhD; Frederic Sacher MD, PhD and
Atul Verma MD, FHRS
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Background: Ultra-Low Temperature Cryoablation (ULTC) using
near-critical nitrogen (-196⁰C) has been shown to produce
durable, contiguous, transmural lesions in ventricles of animal
models.
Objective: To evaluate safety and performance of ULTC for
ablation of ventricular tachycardias (VTs).
Methods: The CryoCure-VT (NCT04893317) is a multi-center,
prospective, single-arm, first-in-human, clinical trial, enrolling
patients with recurrent monomorphic VTs of both ischemic (ICM)
and non-ischemic (NICM) etiologies scheduled for endocardial
ablation who also have implantable defibrillators. The endpoints
include acute safety (Major Adverse Events during and up to 30days post-procedure) and performance (via end-of-procedure VT
inducibility), as well as freedom from sustained VT (.30 sec or
requiring therapy) during 6-mo follow-up. The mapping and
ablation strategies include substrate mapping and/or mapping
during VT. All ablations are performed using ULTC delivered by
the Adagio Medical (Laguna Hills, CA) VT cryoablation system.
Results: The first six patients (5 ICM/1 NICM), mean age of
6369 years and mean EF534612% underwent VT ablation
based on the combination of substrate-based mapping (n56)
and pace mapping (n54). Mean procedure time was 182660
minutes. An average of 8.3 lesions (range 1-16) were delivered
per patient with mean freeze duration of 3.2 6 1.2 minutes/lesion,
and total freezing time of 27.0 6 14.8 minutes (range 4-42
minutes). Post-ablation, 2 patients had no inducible VTs, 2 had
inducible non-clinical VTs, 1 had elimination of 3 out of 4 clinical
VTs, and 1 did not undergo inducement due to hemodynamic
instability. A post-procedural ventricular pseudo-aneurysm
occurred in one patient with ablation performed in ventricular
tissue as thin as 2 mm which resolved 14 days post-procedure
without clinical sequala. We will report on an additional 10
patients by the time of HRS.
Conclusion: The first experience using ULTC for VT ablations
demonstrates first-in-human feasibility and promise for
effectiveness in a broad variety of scar morphologies and
ablation strategies, conditional to careful titration of cryogenic
energy.
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Results: LVEF was 33.3% 6 8.6, mean age was 69.5 6 6.4
years; 92% were male. From 43 clinical VT induced, 42 were
attempted and 266 SERF lesions were delivered (10.6 6 4.9 per
patient). At the end of the case, 41 VT were non-inducible (98%)
and 24 patients (96%) had their VT eliminated. At 6 months
follow-up, VT burden was reduced by 87%. Complications
included 2 strokes, 2 pericardial effusion and one patient had
ischemic bowel and 1died.
Conclusion: SERF ablation is feasible and permits control of
symptomatic monomorphic VT in drug-refractory patients with a
prior failed ablation.

CA-531-04
CANADIAN EXPERIENCE WITH SALINE ENHANCED
RADIOFREQUENCY NEEDLE TIP ABLATION FOR
VENTRICULAR TACHYCARDIA (SERF VT CANADA TRIAL)
Paula Sanchez Somonte MD; Katia Dyrda MD; Isabelle Nault MD;
Lena Rivard MD, MSci and Atul Verma MD, FHRS
Background: Endocardial catheter ablation for ventricular
tachycardia (VT) may fail because of the inability to deliver
transmural lesions. Saline-enhanced radiofrequency (SERF)
ablation uses a needle tip catheter which is placed at varying
depths into the myocardial tissue and heated saline is injected
along with radiofrequency (RF) creating fully transmural lesions.
We report the first in-human SERF ablation for VT in Canada.
Objective: The purpose of this study is to describe the
prospective outcomes on a seriesof patients undergoing first-inhuman SERF ablation for VT in Canada under an Investigational
Testing Authorization.
Methods: Twenty-five patients with ischemic and non-ischemic
cardiomyopathy, with recurrent monomorphic drug-refractory VT
which had failed a prior catheter ablation underwent SERF
ablation in 3 different centers in Canada. After a voltage map, the
mapping catheter was replaced with the needle-tipped ablation
catheter, which was located perpendicular to the myocardium
and extended either 6 or 8 mm into the tissue. Sterile saline
solution was infused with a flow rate of 10 ml/min and 60 C and
50 watts of RF was used.

ABSTRACT CE-540:
New trials in VT management
Saturday, April 30, 2022
8:00 AM - 9:00 AM

CE-540-01
EFFICACY OF BURST VS RAMP ATP FOR SLOW VT
Mathew Hindi BSc (Hons); Jeslene K. Sandhu BSc;
Katerina Schwab BSc, MSc; Sarah Singh MD, MPH, PhD;
Anthony S. Tang MD, FHRS; Jeffrey S. Healey MD, FHRS;
Bernard Thibault MD, FHRS; John L. Sapp MD, FHRS;
Vidal Essebag MD, PhD, FHRS; Pablo B. Nery MD;
Laurence D. Sterns MD, FHRS; David H. Birnie MD and
Matthew T. Bennett MD, FHRS
Background: Anti-tachycardia pacing (ATP) is an established
and effective treatment for terminating ventricular tachycardias.
While current ICD programming recommendations suggest burst
in preference to ramp ATP to improve the termination rate of VT,
these guidelines are largely based on trials including VTs with a
cycle length ,400ms.
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Objective: We sought to evaluate the optimal ATP strategy for
patients with VT with a cycle length 400 msec.
Methods: The success or the initial ATP attempt and incidence of
ICD shock dependent on whether the initial ATP was burst vs
ramp was assessed from patients who had been enrolled in the
RAFT trial.
Results: 12,311 VT episodes from 1,798 patients were included.
For VT CL400ms, burst ATP terminated 53.8% (592/1101) of
episodes of VT whereas ramp ATP terminated 50.6% (79/156) of
episodes of VT (p50.507). For VT CL,400ms, 66.8% (5410/
8095) of episodes of VT were terminated with burst ATP whereas
33.4% (698/2092) of episodes of VT were terminated with ramp
ATP (P,0.001).Following an unsuccessful burst and ramp ATP,
53.8% and 72.7% of episodes received a shock for VT
CL400ms, respectively (p,0.001) and 59.5% and 77.2% of
episodes received a shock for VT CL,400ms, respectively
(p,0.001).
Conclusion: Although inferior for VT with CL,400ms, the
efficacy of ramp ATP is not significantly different to burst
ATP at terminating VT with a cycle length 400ms.
However, the rate of ICD shock following an unsuccessful
ramp ATP is significantly higher than that for burst at all VT
cycle lengths.
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evaluation of (serious) adverse events, echocardiography and
lung function tests.
Results: Five of the 6 (83%) patients included in the
STARNL-1 trail completed the 6 month follow-up and were
selected. All patients were male (age range 55-83 years)
and had an ischemic cardiomyopathy (median ejection
fraction: 42% [range 32-52]. The median planning target
volume was 163ml (range 93-233) and radiation beam-on
times were all below 6 minutes. The median number of
treated VT episodes significantly reduced from 28 (range:
15-107) in the 6 months before treatment to 3 (range 0-15)
after treatment, p50.043. The median reduction percentage
was 86.7% (range 85-100%). No serious treatment related
adverse events occurred during follow-up. Comparing 3
months after treatment with baseline, the median change in
ejection fraction was +7% (range: -27 to +28) and the
median reduction in 1 second forced expiratory volume
(FEV1) and diffusion capacity (DLCO) were both below
,10%.
Conclusion: The results of the prospective STARNL-1
evaluating cardiac radioablation for therapy-refractory VT
patients are very promising with regards to efficacy and safety.

CE-540-03
IMPROVEMENT IN PSYCHOSOCIAL SYMPTOMS AFTER
ENROLLMENT IN A COMBINED ELECTROPHYSIOLOGYPSYCHOLOGY VENTRICULAR ARRHYTHMIA CLINIC
Uday Gajjandra Sandhu BS, MD; John Dornblaser BS;
Andrew T. Nguyen MD, MS; Andrew Gray;
Karen L. Paladino BSN, RN; Charles A. Henrikson MD, MPH,
FHRS; Adrienne Kovacs PhD and Babak Nazer MD

CE-540-02
NONINVASIVE CARDIAC RADIOABLATION FOR
VENTRICULAR TACHYCARDIA: PRELIMINARY RESULTS
OF THE PROSPECTIVE STARNL-1 TRIAL
Martijn Hendrik van der Ree MD; Edith M. Dieleman MD;
Jorrit Visser PhD; Nils Planken MD, PhD; S.M. Boekholdt;
rianne De Bruin-Bon; Rianne de Jong; Michiel Kemme MD, PhD;
Jippe C. Balt MD; Brian Balgobind MD, PhD and
Pieter Gerard Postema MD, PhD
Background: Radioablation or stereotactic arrhythmia
radiotherapy is a promising new last-resort treatment modality for
patients with recurrent ventricular tachycardia (VT) who are
considered therapy refractory. Experience with radioablation is
steadily growing worldwide as result of promising efficacy and
safety results. Prospective trials are needed to confirm these
results.
Objective: To prospectively evaluate the efficacy and safety of
cardiac radioablation in patients with therapy-refractory
ventricular tachycardia.
Methods: The prospective STARNL-1 trial is a single-arm, prepost, intervention study. In 6 patients, the pro-arrhythmic cardiac
region was identified and treated with a single stereotactic
radiotherapy fraction of 25 Gy. Patients who were considered
therapy-refractory, with recurrences after (multiple) VT ablations
and high doses of class 1-3 anti-arrhythmic drugs, were included.
For this analysis, patients who completed the 6-months follow-up
were selected and the number of treated VT-episodes 6-months
before and after treatment, excluding events in the 6 week
blanking period, were compared. Safety analysis included

Background: Patients with ventricular arrhythmias (VAs) often
experience psychological symptoms and poor quality of life
(QOL). Patient-reported outcome measures (PROMs) are
validated questionnaires used to quantitate physical and
psychosocial symptom burden.
Objective: To analyze changes in PROMs after initial visit to
a multidisciplinary (EP + psychologist) VA clinic for patients
with prior sudden cardiac arrest, sustained ventricular
arrhythmias or implantable cardioverter-defibrillator (ICD)
shocks.
Methods: At each clinic visit, patients completed 3 general
health PROMs (New York Health Association class and visual
analogue scales for physical health status and QOL) and 4
psychosocial PROMs (Hospital Anxiety and Depression Scale
(HADS-A and -D), Cardiac Anxiety Questionnaire (CAQ), Florida
Shock Anxiety Scale (FSAS), and Florida Patient Acceptance
Scale (FPAS)). We compared baseline PROM scores prior to first
appointment (A), at second clinic visit (B), and at most recent visit
(C) using paired t-tests for repeated measures within subject.
Clinical variables hypothesized to influence change in PROM
scores were evaluated using t-test and 2-tailed correlation
analysis.
Results: Sixty-two patients (age 57615 years, 84% male)
had at least two clinic visits. Between visits A and B, general
health PROMs demonstrated a trend toward improvement,
but all 4 psychosocial PROMs improved significantly (all p
values ,0.01; Table 1). Prevalence of patients with
moderate-severe anxiety symptoms (HADS-A  8)
decreased from 28% to 13%, moderate-severe depression
symptoms (HADS-D  8) from 10% to 4%, and moderatesevere ICD shock anxiety (FSAS  31) from 16% to 8%.
Results were similar when comparing visits A and C, noting
stable improvement in PROM scores. No baseline clinical
variables (Table 1) correlated with PROM improvement.
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Interim ICD shocks between visits A and B correlated with
reduced QOL and increased CAQ.
Conclusion: Psychosocial symptoms stably improved after
inclusion of a psychologist in a multidisciplinary VA clinic,
supporting routine psychology counseling at least for
patients with high baseline symptom burden.

CE-540-04
PROGNOSTIC VALUE OF PROGRAMMED STIMULATION
AND NOT TESTING AFTER SCAR-RELATED VT ABLATION:
AN IVTCC STUDY
J. Peter Weiss MD, MSci, FHRS; Jason Bradfield MD, FHRS;
Luigi Di Biase MD, PhD, FHRS; David S. Frankel MD, FHRS;
Pasquale Santangeli MD, PhD; William H. Sauer MD, FHRS,
CCDS; William G. Stevenson MD, FHRS; Usha B. Tedrow MD,
MS, FHRS; Wendy S. Tzou MD, FHRS; Marmar Vaseghi MD, MS,
PhD, FHRS and Roderick Tung MD, FHRS
Background: Programmed stimulation (PS) is an established
acute endpoint for ablation of scar-related VT. The characteristics
and outcomes of patients rendered noninducible, inducible for
non-clinical VTs, and those without PS have not been examined
compared to those with acute failure in the multicenter IVTCC.
Objective: Evaluate characteristics and prognostic value of PS
for freedom from VT recurrence, transplant, and death.
Methods: Data from scar-related VT ablations (both ischemic
and non-ischemic) performed at 12 international referral centers
were analyzed. Four categories of acute outcome based on PS
were: 1) Non-inducible (NI), 2) Inducible for non-clinical VT
(Partial), 3) not tested (NT) and 4) Inducible for clinical VT
(Failure) and evaluated for VT and transplant-free survival.
Results: Data for 1,903 pts with VT ablation (12.8% women, 65
(55-72) years old) were analyzed. Eighty-five patients (4.5%) did
not undergo PS after ablation. Compared with NI, Partial, and
Failure patients, those NT had lower baseline EF (35%, 30%,
30% vs 25%, p,0.001), more frequent Class IV heart failure
(4.9%, 8.3%, 6.3% vs 14.5%; p50.002), and electrical storm
(32.1%, 39.6%, 33.3% vs 51.3%, p50.003). Procedurally,
compared with NI, Partial, and Failure patients, those NT were
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more likely to have only unmappable VT (34.6%, 44.1%, 47.5%
vs 64.6%, p,0.001), required more ablation (31 min, 36 min, 22
min vs 48 min, p,0.001), longer procedural time (240 min, 270
min, 270 min vs 293 min, p,0.001), and had more procedural
complications (4.3%, 10.4%, 11.4% vs 14.1%, p,0.001).
Patients rendered NI had highest freedom from VT, transplant,
and death compared to Partial, NT, and acute Failure,
respectively (74.1% vs 65.0%, 50.6%, 43.2%, p,0.001) . Kaplan
Meier estimates showed no significant differences between with
those with Failure and NT, which were both significantly worse
than those that achieved NI and Partial acute endpoints.
Conclusion: Acute procedural success defined by complete or
partial noninducibility is predictive of higher freedom from VT
recurrence, transplant and death. Failure to test after ablation is
associated with poor heart failure status, longer ablation and
procedural duration, and higher rates of complications, with
adverse outcomes comparable to those with acute procedural
failure.

ABSTRACT CE-539:
(Under-)Utilization of Anticoagulation for AF
Saturday, April 30, 2022
9:15 AM - 10:15 AM

CE-539-01
RACIAL AND ETHNIC INEQUITIES IN ORAL
ANTICOAGULATION AND ASSOCIATED OUTCOMES FOR
PATIENTS WITH ATRIAL FIBRILLATION - THE GET WITH
THE GUIDELINES ATRIAL FIBRILLATION REGISTRY
Utibe R. Essien MD, MPH; Lisa Kaltenbach MS; Tracy Wang MD,
MHS, MSc; Gregg C. Fonarow MD; Kevin Thomas MD, FHRS;
Mintu P. Turakhia MD, MS, FHRS; Emelia J. Benjamin MD, MS;
Fatima Rodriguez MD, MPH; Margaret Fang MD, MPH;
Jared Magnani MD, MSc and Jonathan P. Piccini MD, MHS,
FHRS
Background: Oral anticoagulation (OAC) is under-prescribed in
racial/ethnic minority patients with atrial fibrillation (AF). Little is
known of how OAC rates differ in hospitalized patients with AF
and how differential prescribing relates to inequities in AF
outcomes.
Objective: We compared OAC initiation and AF-related
outcomes by race/ethnicity in Get With The Guidelines-AFib, a
national quality improvement initiative for hospitalized AF
patients.
Methods: Our primary outcome was the presence of OAC at
discharge by race/ethnicity. We used Medicare linkage data to
assess our secondary outcome of ischemic stroke, bleeding, or
all-cause mortality at 1-year post-discharge by race/ethnicity. We
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used multivariable adjusted logistic regression with GEE to
model the odds of our primary outcome and Cox proportional
hazards regression with robust variance estimation to model
secondary outcomes. Individuals with missing race/ethnicity
(3.6%) were excluded from the analysis.
Results: Among 69,553 patients hospitalized with AF from 159
sites between 2014-2020, 85.6% were White, 7.3% Black, 5.8%
Hispanic and 1.2% Asian patients. Overall, 48.8% were women;
mean age was 68.6 years; mean CHADS2VA2Sc score was 3.8.
Overall, 56,385 (78.5%) were discharged on any OAC. Black
patients, adjusted odds ratio [aOR] 0.75; 95% CI 0.67- 0.84, were
less likely than White patients to be discharged on any OAC
(Table 1). Black patients discharged on OAC were less likely to
receive direct oral anticoagulants (DOACs) vs. warfarin (aOR
0.82; 95% CI 0.65-0.96). At 1 year, bleeding (aOR 2.08; 95% CI
1.5-2.8) and stroke (aOR 2.07; 95% CI 1.34-3.20) rates were
higher in Black than White patients (Table 2). Hispanic patients
also had higher stroke rates (aOR 2.02; 95% CI 1.38-2.95).
Mortality rates were higher in Black than White patients (aOR
1.22; 95% CI 1.02-1.47).
Conclusion: In a national registry of patients hospitalized with
AF, Black compared to White patients were less likely to be
discharged on OAC. Black patients also had higher rates of
AF-related outcomes including stroke (also in Hispanic patients),
bleeding, and mortality. Understanding the drivers of racial/ethnic
differences in OAC prescribing, such as the higher cost of
DOACs vs. warfarin, will help guide interventions to reduce OAC
inequities and improve AF outcomes.
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Background: Oral anticoagulation (OAC) is recommended for
stroke prophylaxis after diagnosis of atrial fibrillation (AF).
However, the optimal strategy or timing for continuing OAC use
after bleeding events in these patients has not been well
established.
Objective: This analysis seeks to characterize real-world
patterns of OAC utilization after bleeding events in patients with
prior ischemic stroke and diagnosed AF.
Methods: Patients with a diagnosis code for a bleeding event
between 1/01/2007-3/31/2021 were identified in the U.S. deidentified OptumÒ ClinformaticsÒ claims database. Bleed
events were identified based on the presence of an ICD-9/-10
diagnosis code for bleeding in any site of service, and included:
hemorrhagic stroke (HS), other intracranial hemorrhage (ICH), or
extracranial hemorrhage (ECH). Patients were required to have
any prior evidence of AF diagnosis, and must have OAC
prescription coverage within the 3 months prior to the index bleed
event. Kaplan-Meier curves were created to estimate the rate at
which OACs were restarted after index for each bleed type,
including all available follow-up time in the database for each
patient.
Results: A total of 44,207 patients were identified: 7,755 patients
with HS, 781 with ICH, and 35,671 with ECH. After HS, an
estimated 26% of patients resumed OAC early, within 30 days of
the bleed event; 45% restarted later (36% between 30 days-1
year, 9% after 1 year), and the remaining 29% permanently
discontinued. Overall, the median time to refill was 3.1 months.
After an Other ICH event: 36% resumed early, 42% restarted later
(36% within 1 year and 6% after 1 year), and 22% discontinued;
median time to refill was 1.9 months. After ECH: 42% resumed
early, 48% restarted later (40% within 1 year and 8% beyond 1
year), with 10% discontinuing; median time to refill was 1.4
months.
Conclusion: Although the risk-benefit profile of OAC
resumption after bleeding events in AF patients has not been
definitively characterized to-date, our analysis of a large
claims database indicates that resumption of OAC after
bleeding is common in clinical practice, with 71%-90% of
patients either continuing or restarting after a brief pause.
Upcoming randomized trials aim to provide more information
in this space and may enable development of a clearer
clinical consensus.

CE-539-03
LARGE OBSERVATIONAL STUDY EVALUATING SAFETY
AND EFFICACY OF DIRECT ORAL ANTICOAGULANTS IN
EXTREME OBESITY
Sherry J. Saxonhouse MD, MS, FHRS;
KAMALA SWAYAMPAKALA PhD; Stephen Perle Sc B and
Sophia E. Saxonhouse

CE-539-02
UTILIZATION OF ORAL ANTICOAGULATION AFTER
BLEEDING EVENTS IN STROKE PATIENTS WITH ATRIAL
FIBRILLATION
Paul Ziegler MS; shadi yaghi; Candace Gunnarsson;
Michael Ryan; Sarah Rosemas MPH and
Matthew R. Reynolds MD, MS, FHRS

Background: Obesity is an independent risk factor for atrial
fibrillation (AF) influencing the pharmacokinetics and
pharmacodynamics of drug therapy and direct oral
anticoagulants (DOACs). There is limited data in the randomized
clinical trials for patients with extreme obesity (BMI  40.0 kg/m2
or weight . 120 Kg).
Objective: To evaluate the effectiveness and safety of DOACs
versus vitamin K antagonists (VKA) for the treatment of
nonvalvular AF (NVAF) in extreme obese patients.
Methods: Using retrospective cohort study design, adult
extreme obese patients with NVAF using DOACs or VKA during
2014 - 2020 with BMI  40.0 or weight . 120 Kg were selected
from a large south-east hospital system. Patients were
categorized into four groups based on BMI and weight (weight .
120 Kg and BMI  40; BMI 41-44; BMI 45-49; BMI  50). Primary
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efficacy outcome is stroke or systemic embolism (SE) and
primary safety outcome is major bleeding.
Results: A total of 6,930 patients with a mean age of 64.1 years
and a mean follow-up of 3.8 62.3 years were included. Extreme
obese groups I through 4 included 2216 (32%), 2240 (32.3%),
1277 (18.4%), and 1197 (17.3%) with DAOCs use ranging from
60% to 63%. In Cox regression for the entire cohort, DOACs
were associated with a significantly lower risk of stroke or SE
(hazard ratio [HR]: 0.52; 95% confidence interval [CI]: 0.42,
0.65) and major bleeding (HR: 0.55; 95% CI: 0.59, 0.90)
compared to VKA. Results remained similar across all groups
except non-significant results for groups 3 and 4 for major
bleeding.
Conclusion: DOAC utilization in patients with extreme
obesity was far greater than use of VKA despite not having
significant clinical trial evidence of safety and efficacy in this
unique population. Our observational retrospective study
revealed significantly better prevention of stroke or SE
without increased major bleeding in patients who are on
DOACs versus VKA.
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women and 56.3% of men completed their referral to
electrophysiology (p50.049). 19.2% of women and 25.3% of
men seen in primary care clinic were anticoagulated for atrial
fibrillation (p,0.001). Amongst those patients, only 22% of
women and 28.9% of men were on direct oral anticoagulants
(p,0.001).
Conclusion: There is a significant discrepancy in the referral
of patients with atrial fibrillation from primary care clinics for
electrophysiology consult on the basis of gender.
Additionally, significantly fewer women that were
anticoagulated compared to men, especially with use of
direct oral anticoagulant.

ABSTRACT CI-525:
Novel CIEDs and algorithms
Saturday, April 30, 2022
9:15 AM - 10:15 AM

CI-525-01
EARLY EXPERIENCE WITH A LEADLESS VENTRICULAR
PACEMAKER PROVIDING ATRIOVENTRICULAR
SYNCHRONOUS PACING IN THE REAL-WORLD SETTING:
RESULTS FROM THE MICRA AV POST-APPROVAL
REGISTRY

CE-539-04
ANTICOAGULATION AND REFERRAL TO SPECIALTY
SERVICES FOR WOMEN AND ETHNIC MINORITIES WITH
ATRIAL FIBRILLATION
Saima Karim DO, FHRS; Ashwini Sehgal MD and
Douglas Einstadter MD
Background: Atrial fibrillation can be associated with
significant symptoms, thromboembolic events, development
of cardiomyopathy and even mortality. Women with atrial
fibrillation are often older, more likely to be symptomatic with
lower quality of life scores upon presentation. There is a
drastic difference in therapies offered to women compared to
men with atrial fibrillation. Underutilization of anticoagulants
is quite prevalent despite the risk of thromboembolic events.
There is a significant discrepancy in referral and
anticoagulation on the basis of gender in patients with atrial
fibrillation even though strokes for women with atrial
fibrillation are associated with higher functional impairment
and mortality.
Objective: The aim of this study is to show the discrepancy that
does exist based on gender in anticoagulation rates and referral
to Electrophysiology (EP).
Methods: Patient with atrial fibrillation who presented to
primary care clinics at MetroHealth Medical Center over a
12-month period starting in January 2020 were included in
this analysis. The number of patients anticoagulated and
referred to EP, and those who completed their referral to EP
were analyzed.
Results: 16.8% out of 2,642 women and 21.3% of the 3,092
men seen in primary care clinic with atrial fibrillation were
referred for EP consult as an outpatient (p50.01). 50.2% of the

Nicolas Clementy; Jason S. Chinitz MD, FHRS;
Andreas Haeberlin; Antonio Curnis; Theofanie Mela MD;
Saverio Iacopino MD; John A. Schoenhard MD, PhD;
Mikhael F. El-Chami MD, FHRS; Jonathan P. Piccini MD, MHS,
FHRS; Paul R. Roberts MD; Kurt Stromberg MS;
Dedra H. Fagan PhD and Christophe Garweg MD, PhD
Background: Advances in leadless pacemaker technology have
enabled accelerometer based atrioventricular synchronous
(AVS) pacing by sensing atrial mechanical contraction. However,
performance of these devices in real-world clinical practice has
not been assessed.
Objective: To report the acute performance of the Micra AV
leadless pacemaker from the global Micra AV post-approval
registry (PAR).
Methods: The Micra AV PAR is an ongoing prospective singlearm observational study designed to assess the safety and
effectiveness of Micra AV in the real-world setting. The registry
will enroll approximately 750 patients and follow them for 3-years.
For this analysis, baseline characteristics, device performance,
and pericardial effusion events were summarized.
Results: The device was successfully implanted in 400 of 402
patients (99.5%) at 77 centers (mean age 75.4614.1 years,
43.8% female). The most common pacing indication was AV
block (49.0%), followed by sinus node dysfunction (17.9%), and
bradyarrhythmia with AF (16.2%). Co-morbidities included
diabetes (33.6%), heart failure (14.7%), and COPD (9.0%) with
33.3% precluded from transvenous devices. Pericardial effusion
occurred in 5 patients (1.24%). Of the 153 patients programmed
to VDD mode with 30 days of device follow-up, median pacing
percentage was 70.7% with 43.1% of patients having .90%
pacing. The median percentage of ventricular paces preceded by
atrial mechanical detection was 75% in the 66 patients with
.90% ventricular pacing (Figure).
Conclusion: The Micra AV leadless pacemaker was implanted
with a high rate of success among patients with a high comorbidity burden. Longer-term performance of the device will
continue to be assessed in this ongoing trial.
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CI-525-03
DEVICE-TO-DEVICE COMMUNICATION FOR A NOVEL
DUAL-CHAMBER LEADLESS PACEMAKER SYSTEM:
RELIABILITY OF MAINTAINING ATRIOVENTRICULAR
SYNCHRONY IN AN OVINE MODEL OF AV CONDUCTION
BLOCK
Vivek Y. Reddy MD; Reinoud Knops MD, PhD;
Daniel J. Cantillon MD, FHRS; Petr Neuzil MD; Alok Gambhir MD,
FHRS; Rahul N. Doshi MD, FHRS; Daniel Booth MSE;
Weiqun Yang MS, MSBME; Aditya Goil; Nima Badie PhD;
David Ligon BSBME, MSBME and Matthew G. Fishler PhD

CI-525-02
WITHDRAWN

Background: For leadless pacemaker (LP) therapy to expand
beyond single chamber right ventricular (RV) pacing to dualchamber pacing, discrete right atrial (RA) and RV LPs must
achieve true atrioventricular (AV) synchrony—which in turn
requires the paired LPs to wirelessly communicate beat-by-beat
at each paced or sensed event.
Objective: To assess a novel, bidirectional, beat-by-beat,
implant-to-implant communication (i2iÔ) protocol in a chronic
ovine model of atrioventricular block.
Methods: After femoral venous access, RA and RV LPs (AveirÔ
DR system; Abbott, IL) were implanted (Figure 1) and paired in 4
sheep, with radiofrequency ablation of the AV node occurring
after the RV but before the RA LP implant. At 9 weeks postimplant, 12 days of data were collected (using the Merlin
programmer) during the sheep’s natural variations of heart rate,
posture and body movement. i2i success was the metric to
indicate reliable AV synchrony, and synchrony was defined by an
AV interval of  300ms. The longest programmed AV delay was
200ms.
Results: RA and RV LPs were successfully implanted in all
sheep. Sensed amplitudes, impedances and pacing capture
thresholds for RA and RV were 3.060.9mV and N/A, 262645 and
478671ohm, and 1.160.6 and 0.460.2V at 0.4ms respectively.
The heart rates were 64618bpm (range 40-170bpm) with
3.660.8% at or above 110bpm. Atrial pacing and sensing
occurred in 3267% and 6867% of beats, with RV pacing at each
beat. i2i success was 98.961.8% RA-to-RV, 99.460.6% RV-toRA, and 99.261.0% overall. In instances of i2i loss, 98.5% of
these episodes were of , 6 sec duration. During i2i loss from RVto-RA, RA-to-RV, or bidirectionally, the LP system effectively
switches from DDD to VDD, DDI, or VDI, respectively; this
ensures RV pacing while maximizing RA pacing/tracking when
possible. Figure 2 shows that despite RV-to-RA i2i loss (A) or RAto-RV loss (B), AV synchrony can still be maintained in certain
instances—depending on subject condition. For bidirectional i2i
loss (C), the AV interval was extended for 1 beat, but AV
synchrony returned the following beat.
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Conclusion: In an ovine model of chronic AV block, true dualchamber (DDD) leadless pacing was achieved with w99% rate of
beat-by-beat AV synchrony.

CI-525-04
A NEW CRITERIA TO DETERMINE LEFT BUNDLE BRANCH
CAPTURE BASED ON TEMPORARY HIS BUNDLE OR
RIGHT VENTRICULAR SEPTAL PACING
Fengwei Zou MD; Zhiyong Qian MD, PhD; Siyuan XUE MD;
Xiaofeng Hou MD and Jiangang Zou MD, PhD, FHRS
Background: How to differentiate left bundle branch pacing
(LBBP) from left ventricular septal pacing (LVSP) still remains
challenging, especially in patients who do not present with
generally-accepted criteria.
Objective: We aimed to develop a new criteria to confirm left
bundle branch (LBB) capture in patients with both normal cardiac
function or heart failure (HF), using temporary His bundle pacing
(HBP) or right ventricular septal pacing (RVSP) as references.
Methods: Patients were included if surface ECGs of HBP or
RVSP were recorded during procedure. dSti-LVAT1 was defined
as the difference of Sti-LVAT between HBP and LBBP/LVSP. dStiLVAT2 was defined as the difference of Sti-LVAT between RVSP
and LBBP/LVSP.
Results: A total of 80 patients with normal cardiac function (65
LBBP and 15 LVSP) and 23 patients with HF were enrolled.
Among 23 patients with HF who were corrected by LBBP,
surface ECGs of LVSP were also recorded in 11 patients during
procedure. Patients with LBBP showed significantly shorter StiLVAT than those with LVSP. The cut-off value of 12.5 ms for dStiLVAT1 showed 73.9% sensitivity and 93.3% specificity to
confirm LBB capture in patients with normal cardiac function.
dSti-LVAT2 . 31.0 ms is was also useful to determine LBB
capture with a specificity of 93.3%. For patients with HF, the cutoff value of 9.0 ms for dSti-LVAT1 exhibited the greatest
accuracy to confirm LBB capture with a sensitivity of 91.3% and
a specificity of 100%.
Conclusion: Utilizing temporary HBP and RVSP as references
during procedure could help determine LBB capture in patients
with normal cardiac function or HF with great sensitivity and
specificity.

ABSTRACT HF-566:
The Crossroads of Inherited Cardiomyopathies and
Arrhythmia Syndromes
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HF-566-01
INTERACTION OF ARRHYTHMIA AND CARDIOMYOPATHY
WITH GENETIC VARIANT GROUPS IN THE UK BIOBANK
POPULATION
Or Yaacov MD; Larry A. Chinitz MD, FHRS;
Aravinda Chakravarti PhD and Lior Jankelson MD, PhD
Background: Dilated cardiomyopathy (DCM) is a common cause
of heart failure and rhythm disorders. It is estimated that a large
proportion of DCM cases are familial and more than 250 genes of
various functional groups have been suggested to be involved in
the disease. However, there is a paucity of robust evidence
regarding the majority of these genes’ role in the pathogenicity of
DCM. Recently, an international group has curated a list of 51 DCM
genes grouped by their level of evidence, graded as definitive,
strong, moderate, limited, disputed and unknown.
Objective: We evaluated the risk for DCM, arrhythmia and
cardiovascular outcomes in individuals with rare variants in each
of the curated gene groups using whole exome sequences
(WES), cardiac MRI and clinical data from 200,630 UK Biobank
participants.
Methods: We annotated WES rare variants (MAF , 4!10-5) in
four categories: nonsynonymous, nonsense, “ClinVar”
pathogenic and likely pathogenic (P/LP), and SIFT predicted
deleterious variants. We collected ICD codes for DCM,
ventricular arrhythmias (VT, VF), supraventricular (SV)
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arrhythmias including SVT, AF, flutter, and AV block. Cardiac MRI
was available for 21,222 of the WES individuals. We extracted the
LV ejection fraction (LVEF), end-systolic (LVESV) and enddiastolic volumes (LVEDV). We removed outliers . 7 SD from the
mean and normalized volumes (LVEDV, LVESV) by body surface
area (BSA), age and sex. For each of the gene groups, we
compared those with rare variants to the rest.
Results: We validated that nonsense variants in genes of the
definitive and strong evidence group were associated with both
adverse cardiovascular outcomes, LV dilation and ventricular/SV
arrhythmia. Importantly, we found that genes in the “moderate”
evidence group (ACTC1, ACTN2, JPH2, NEXN, TNNI3, TPM1,
VCL) with ClinVar annotations were associated with increased
cardiac morbidity (OR 3.6, 95% CI 1.7-7.6), and variants with
SIFT or nonsynonymous annotations were associated with
increased LVESV (+3.94 ml vs control, p,0.001) and LVEDV
(+4.45 ml vs control, p50.03), and decreased LVEF (-0.65% vs
control, p50.03), as well as with SV arrhythmia (OR 5.1, 95% CI
2.2-11.6).
Conclusion: We provide evidence to support the interaction of
genes previously classified as “moderate” with DCM, arrhythmia
and adverse cardiovascular outcomes.
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p50.02; Figure 1). Individuals with DSP variants also had
higher risk scores than those with PKP2 variants (8.4 [4.613.7]% vs. 4.9 [3.1-7.0]%; p50.02).
Conclusion: The predicted 5-year risk of VA in individuals
ascertained via population genomic screening with ARVC risk is
relatively low (5.2%; 2% for “fast” VA) but may vary by gene,
having any TFC, and affected ventricle.

HF-566-02
PREDICTED RISK OF VENTRICULAR ARRHYTHMIA IN
INDIVIDUALS WITH DESMOSOME GENE VARIANTS
IDENTIFIED VIA POPULATION GENOMIC SCREENING
Eric Carruth PhD; Amro Alsaid MD; Brittney Murray MS, CGC;
Crystal Tichnell MGC, RN; Amy C. Sturm MS, CGC;
Cynthia A. James PhD, CGC and Christopher M. Haggerty PhD
Background: Population genomic screening for desmosomal
variants associated with arrhythmogenic right ventricular
cardiomyopathy (ARVC) may help facilitate early detection of
disease and protective intervention. However, early studies have
shown that disease penetrance in this setting is low. The ARVC
risk calculator offers a novel means to risk stratify individuals who
present with variants identified via population genomic
screening.
Objective: Quantify the risk of arrhythmic events in individuals
with ARVC-associated variants ascertained “genome first” from a
general population.
Methods: Individuals harboring a pathogenic/likely pathogenic
(P/LP) variant in a desmosome gene (PKP2, DSP, DSG2, or
DSC2) were identified through the Geisinger MyCode Genomic
Screening and Counseling program. The ARVC risk calculator
was applied to all patients with a subsequent evaluation of RV
function. Missing 24-hour PVC counts (i.e. no rhythm monitoring
study or PVC count not quantified), were imputed with the group
median.
Results: Of 184 individuals with a clinically confirmed P/LP
desmosome variant, 80 (median age 57 [IQR 44-68]; 71%
female) had cardiac imaging in follow-up. Fifty-eight (72%)
had no ARVC task force criteria (TFC) besides the P/LP
variant (possible diagnosis), 11 (14%) had a single minor
criterion (borderline diagnosis), and 11 (14%) met criteria for
definite diagnosis. The overall median 5-year predicted VA
risk was 5.2% (risk of fast VA 2.0%), notably much lower
than median risk in the calculator’s derivation cohort
(20.6%). The predicted risk was modestly higher in
individuals with any TFC (10.1 [4.5-17.0]%) versus those
with none (4.5 [2.8-7.1]%; p50.01). The risk was also higher
in those with left ventricular dysfunction and arrhythmia (i.e.
“ALVC” 13.7 [8.2-18.5]% vs. non-ALVC 4.9 [2.9-7.9]%;

HF-566-03
EMD MISSENSE VARIANTS ARE ASSOCIATED WITH A
DILATED CARDIOMYOPATHY AND CONDUCTION SYSTEM
DISEASE/ATL
Ahmed Alsalem MD; Renae Judy; Erica S. Zado PAC, FHRS;
Gustavo S. Guandalini MD; Rajat Deo MD; Jeffrey Arkles MA,
MD; Robert D. Schaller DO, FHRS; Pasquale Santangeli MD,
PhD; Saman Nazarian MD, PhD, FHRS; David S. Frankel MD,
FHRS; Michael P. Riley MD, PhD; Sanjay Dixit MD, FHRS;
Fermin C. Garcia MD; Andrew E. Epstein MD, FHRS;
David J. Callans MD, FHRS, CCDS; Francis E. Marchlinski MD,
FHRS; Scott Damrauer and Matthew Craig Hyman MD, PhD
Background: Emerin (EMD) is an essential inner nuclear
envelope protein encoded by EMD. Loss of function (LoF)
variants in EMD result in Emery-Dreifuss muscular dystrophy
type 1 (EDMD1). Cardiac involvement in EDMD1 is characterized
by sinus node dysfunction (SND), atrial fibrillation (AF) and
dilated cardiomyopathy (DCM). Recently a non-syndromic
cardiac phenotype termed cardiac emerinopathy was recognized
in patients with predominantly LoF variants in EMD. The
contribution of EMD missense variants to cardiac disease is
unknown.
Objective: To characterize the impact of EMD missense variants
and delineate the associated cardiac phenotypes.
Methods: We surveyed exome sequencing data in the Penn
Medicine Biobank (PMBB) for all coding variants identified in
EMD. The medical record of male individuals with nonsynonymous EMD variants (given an X-linked inheritance
pattern) were reviewed to characterize cardiac and
musculoskeletal pathology. Male individuals with synonymous
EMD variants with no predicted effect on mRNA splicing were
used as a reference group.
Results: A total of 28 EMD missense variants and a single
frameshift insertion were identified in 68 male individuals (mean
age 68614). Seventy-seven patients with synonymous variants
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(age 63616) were used as reference group Non-synonymous
EMD variants were associated with non-ischemic
cardiomyopathy, cardiac conduction disease and atrial fibrillation
(OR: 7.2, 95% CI 3.3-15). Forty-two patients had a cardiac
phenotype, 14 individuals had symptomatic SND and/or
advanced AV block, 8 patients had DCM, 6 patients had LV
dysfunction, 2 patients had ARVC, 2 patients had HCM, 9
patients had isolated AF and a patient with a EMD frameshift
variant who had EDMD1. Overall 32% had AF, 22% had a cardiac
implantable electronic device. Interestingly, individuals with nonsynonymous variants had a higher incidence of tendon rupture
and tendinopathy when compared to reference group (OR 3.4,
95%CI 1.3 to 9.2). Among patients in the PMBB, EMD related
cardiac disease was detected in 1 out of every 520 male patients.
Conclusion: Missense EMD variants contribute to a cardiac
emerinopathy in male patients. The disease spectrum includes
LV dysfunction, cardiac conduction disease and atrial
arrhythmias.
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symptoms at a younger age when compared to patients with
missense or in-frame deletions (pLOF: mean 26.4 years,
non-LOF: mean 44.1, p5,0.0001, 95% CI:12.3 to 23 ). Of
the 31 female carriers of pathogenic variants in EMD, 13
individuals were found to have a cardiac pathology. Sudden
cardiac death was reported in 1 out of 5 male patients
(mean age538 years, SD 58.4 years). Cardiac device
implantation was reported in 35% (mean age539 years,
SD512.4 years) in the reviewed cohort.
Conclusion: In a review of published cases, cardiac
emerinopathies are commonly associated with diverse cardiac
pathologies including cardiac conduction disease, atrial
tachyarrhythmias, dilated cardiomyopathy, LV dysfunction, LVNC
and ARVC.

HF-566-04
PATHOGENIC VARIANTS IN EMD ARE ASSOCIATED WITH
AN ISOLATED CARDIAC EMERINOPATHY
Ahmed Alsalem MD; Erica S. Zado PAC, FHRS; Rajat Deo MD;
Pasquale Santangeli MD, PhD; Fermin C. Garcia MD;
Francis E. Marchlinski MD, FHRS and Matthew Craig Hyman MD,
PhD
Background: Emerin (EMD) is an inner nuclear envelope
protein critical to the integrity of the nucleoskeleton and
mechanotransduction. Loss-of-Function (LoF) variants in EMD
results in Emery-Dreifuss muscular dystrophy type 1 (EDMD1).
This syndrome is characterized by a proximal skeletal myopathy
associated with joint contractures and cardiac conduction
disease. Several small reports have suggested that pathogenic
EMD variants are associated with a cardiac emerinopathy
(cardiomyopathy without evidence of skeletal myopathy). The
full clinical spectrum of these EMD variants is poorly
understood.
Objective: To characterize the clinical spectrum of cardiac
emerinopathies (CE) and evaluate the impact of EMD variant
effect on disease presentation.
Methods: We reviewed the literature, internal and publicly
available databases (HGMD, PubMed, ClinVar) for patients with
identified EMD pathogenic variants without skeletal muscle or
joint involvement. A total of 106 individuals were identified and
included in the analysis.
Results: Of the 106 individuals, (75 were males, due to Xlinked nature of this disease males and females were
analyzed separately. The presentation in male patients were
cardiac conduction disease (39%), dilated cardiomyopathy
(33%), isolated LV dysfunction without dilation (6.6%), left
ventricular non-compaction (LVNC, 4%), and ARVC (3%).
Atrial fibrillation was diagnosed in 35%. Patients with
predicted loss-of-function (pLOF) variants developed

ABSTRACT HP-573:
EP Devices: Utilization, Complications, and Safety
Advisories
Saturday, April 30, 2022
9:15 AM - 10:15 AM

HP-573-01
LESION QUALITY AND SAFETY MAINTAINED AS
TRAINEES DEVELOP CATHETER HANDLING SKILLS AND
PROGRESS TO INDEPENDENCE: CLOUD-BASED
ANALYSIS
John Whitaker BCH, BM, PhD; Tina D. Hunter PhD; Jane Carsey;
Josselyn G. Verry BA, CEPS; Don Yungher; Omar Kreidieh MD;
Clinton J. Thurber MD; Nathaniel Steiger MD; David Chang MD;
Esseim Sharma MD; Uyanga Batnyam MD; David T. Martin MD,
FHRS, CCDS; Sunil Kapur MD; Thomas M. Tadros MD, MPH;
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William H. Sauer MD, FHRS, CCDS; Bruce A. Koplan MD, MPH,
FHRS; Usha B. Tedrow MD, MS, FHRS and Paul C. Zei MD, PhD,
FHRS
Background: Detailed device-generated data that is stored by
an ablation mapping system may be a valuable adjunctive
training tool.
Objective: To assess whether procedural data from a cloudbased smart storage and data analytics system reflects
differences between procedures involving fellows at different
training stages.
Methods: Data from atrial ablations involving a fellow in the first 3
months of year 1 (Y1) or year 2 (Y2) of an EP fellowship program
were compared. Lesions were prospectively tagged as being
delivered by the fellow or supervising operator.
Results: Prior to the study, Y2 had participated in more AF
ablation procedures (84660 vs. 565, p50.038). Pulmonary vein
isolation (PVI) and bidirectional cavotricuspid isthmus (CTI) block
were achieved in all 59 study procedures in which they were
targeted (27 Y1; 32 Y2). Mean contact force, catheter stability,
ablation index and time between consecutive lesions were similar
between Y2 vs. Y1. Y2 independently performed all left PV
lesions (43% vs. 16%, p50.041), CTI lesions (89% vs. 56%,
p5.029), and combined PV and CTI lesions (36% vs 12%,
p50.0377) more frequently than Y1. Within 3 months, each Y1
had completed a full lesion set in at least one PV and each Y2 had
completed a full set of PVI and CTI lesions. There was 1 vascular
access complication (Y2).
Conclusion: Analysis of procedural data from a cloud-based
smart storage system demonstrates that under careful
supervision, procedural parameters at a lesion level, attainment
of clinical endpoints and procedural safety are not affected by
level of experience of trainee involved. Procedural data
demonstrates increasing independence with progression
through a fellowship program. This data may prove to be a
valuable adjunct to training, providing objective monitoring and
feedback for technical skill development.
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HP-573-02
ASSOCIATION OF AGE WITH PROCEDURAL
COMPLICATIONS AND IN-HOSPITAL OUTCOMES
FROM LEFT ATRIAL APPENDAGE OCCLUSION
DEVICE IMPLANTATION IN PATIENTS WITH ATRIAL
FIBRILLATION
Muhammad Bilal Munir MBBS, MD; Muhammad khan;
Douglas Darden MD; Frederick T. Han MD, FHRS;
Uma N. Srivatsa MBBS, MS, FHRS and Jonathan C. Hsu MD,
FHRS
Background: Age stratified analyses of atrial fibrillation (AF)
patients undergoing percutaneous left atrial appendage
occlusion (LAAO) are limited.
Objective: To compare in-hospital outcomes in elderly AF
patients (age . 80 years) to a relatively younger cohort (age  80
years) after LAAO using a national US database.
Methods: Data were extracted from National Inpatient Sample
for calendar years 2015-2018. LAAO device implantations were
identified on the basis of International Classification of Diseases,
9th and 10th Revision, Clinical Modification codes of 37.90 and
02L73DK. The outcomes assessed in our study included
complications, inpatient mortality and resource utilization with
LAAO.
Results: A total of 36,065 LAAO recipients were included in
the final analysis and approximately 35% (12,475) of such
implantations occurred in elderly AF patients. Elderly AF
patients had a higher prevalence of major complications
(6.7% vs. 5.7%, p , 0.01) and mortality (0.4% vs. 0.1%, p ,
0.01) after LAAO device implantation in the crude analysis.
After multivariate adjustment of potential confounders, age .
80 years was associated with inpatient mortality (adjusted
odds ratio [aOR] 4.439, 95% confidence interval [CI] 2.3918.239) but not with major complications (aOR 1.084, 95% CI
0.971-1.211), prolonged length of stay (aOR 0.943, 95% CI
0.88-1.101) and increased hospitalization costs (aOR 0.909,
95% CI 0.865-0.955).
Conclusion: A significant proportion of LAAO device
implantations occurred in elderly AF patients. Advanced age
was associated with inpatient mortality but did not predict
other LAAO procedural related outcomes of major
complications, prolonged length of stay and increased
hospitalization costs.
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HP-573-03
IMPACT OF CIED FIELD ADVISORIES ON UNREIMBURSED
COSTS TO MEDICAL SYSTEMS
Fred M. Kusumoto MD, FHRS; William Mai;
Julio Perez-Downes DO; Christine Kneeland BSN;
Linda J. Schwartz BSN, RN, CCDS;
Tamara Simone Meyers-Laplace BS, BSN; Freddy Del Carpio
Munoz MD, FHRS; Vaibhav Vaidya MBBS; Kevin Cragun MD;
Dan Sorajja MD, FHRS and Yong-Mei Cha MD, FHRS
Background: In the past year multiple CIED manufacturers have
issued field advisories (FA).
Objective: We sought to determine the unreimbursed resource
requirements and work necessary for responding to FA.
Methods: Nonclinical time spent responding to five FA (Boston
Scientific 12-20 and 6-21, Medtronic 2-21, Biotronik 3-21, Abbott
3-21), from a large integrated system that has six clinic locations
in four different states in the United States was recorded from 1220 to 11-21.
Results: Nonclinical time required to respond to FA for
each clinic site, number of patients impacted by an FA,
and the total number of CIED patients followed for each
clinical site is shown in the Table. The specific work
involved for responding to an FA varied significantly
among sites and for different FA and included: overall
planning for the enterprise (16-30%), calling patients (611%), care coordination and site-specific meetings (522%), documentation in the EHR (6-47%), and letter
distribution (50-70%). 11-41% of patients in individual
clinics were affected. The time required to respond to the
Abbott FA (7 minutes/patient) was significantly less than
for Boston Scientific FA (10 minutes/patient) and the
Medtronic FA (10 minutes/patient).
Conclusion: Significant resources are required to respond to FA
that are not reimbursed. The nonclinical time requirement and
specific work for responding to a FA varied depending on site and
details of the FA. When required, letter distribution to patients
accounted for the largest percentage of time required to respond
to an FA.

HP-573-04
VARIATION IN HOSPITAL USE OF CRT-D AMONG ELIGIBLE
PATIENTS AND ASSOCIATION WITH CLINICAL OUTCOMES
Philip Chui MD; Zhou Lan PhD and Jeptha P. Curtis MD

Heart Rhythm, Vol 19, No 5, May Supplement 2022
Background: Although cardiac resynchronization therapydefibrillator (CRT-D) is a first-line recommendation for select
patients, it remains underutilized with substantial variation in
use across hospitals. It is unclear how much of this hospital
variation is explained by case mix alone and whether this
variation is associated with other markers of other clinical
metrics of hospital quality such as readmissions and
mortality rates.
Objective: The aims of this study are to quantify the degree of
variation in patient-level CRT-D usage that can be explained by
between-group variation on a hospital level and to assess if
observed hospital variations in CRT-D implantation are
associated with differences in hospital-level outcomes
(mortality, readmissions, and cardiac readmissions rates).
Methods: We linked data from the NCDR ICD registry from 2010
to 2015 with Medicare claims data. We developed multivariable
regression models to assess for hospital differences in CRT-D
implantation compliance. We calculated the intraclass correlation
coefficient to quantify the degree of variation in patient-level CRT
usage that can be explained by between-group variation on a
hospital level. We subsequently compared pairs of logistic
regression and Cox models for our clinical outcomes with one
model including the hospital proportion of CRT-D implantations
among eligible patients as a second-level predictor and one
model did not.
Results: Our analysis included a total of 30,134 patients.
The median CRT-D implantation rate among hospitals was
83.2% but there was wide variation across facilities [Figure
1]. After adjustment for case mix and hospital characteristics,
the proportion of variation in hospital rates of CRT-D
utilization attributable to the patient’s hospital upon
implantation was 74%. Hospital CRT-D utilization accounted
for 8.76%, 5.26%, and 4.71% of differences in hospital
mortality, readmissions, and cardiac readmission rates
respectively [Table 1].
Conclusion: There remains wide variation in the use of CRT-D
across hospitals that is not explained by case mix. Hospital rates
of CRT-D utilization accounted for clinically relevant differences in
patient outcomes. Hospital rates of appropriate implantation of
CRT-D can be considered as a performance measure suitable for
quality improvement efforts.
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CA-532-02
ABSTRACT CA-532:
Treatment Strategies for Atrial Fibrillation and
Associated Outcomes
Saturday, April 30, 2022
8:00 AM - 9:00 AM

CA-532-01
RISK OF DEMENTIA AMONG PATIENTS WITH ATRIAL
FIBRILLATION TREATED WITH CATHETER ABLATION
VERSUS ANTI-ARRHYTHMIC DRUGS
Emily P. Zeitler MD, MHS; Jamie L. March MBA;
Rahul Khanna BPharm, MBA, PhD; Xiaozhou Fan and
Andrea M. Russo MD, FHRS
Background: Atrial fibrillation (AF) is associated with an
increased risk of dementia. However, variation in dementia risk
by AF rhythm treatment has not been well studied.
Objective: To compare the risk of dementia in patients with AF
who underwent catheter ablation (CA) versus anti-arrhythmic
drug (AAD) treatment.
Methods: The 2000-2021 Optum Clinformatics database was
used and includes national administrative claims of commercially
insured non-elderly adults and Medicare Advantage beneficiaries
in the US. Patients with AF who underwent CA versus treatment
with AADs (1 prescription fill for 2 AADs) were identified.
Patients with history of dementia, heart failure, surgical ablation,
valvular procedure, or left atrial appendage occlusion were
excluded. Propensity score matching was used to match patients
in CA versus AAD groups. A cause-specific hazard model was
performed to assess dementia risk overall and in sex subgroups.
Results: After matching, there were 15,441 patients per group.
Patients treated with CA had 24% lower risk of dementia compared
with those treated with AAD (1.8% vs 3.2%; hazard ratio [HR] 0.76,
95% confidence interval [CI] 0.66-0.88, p50.0003) (Figure). In
males, the dementia risk did not differ significantly among CA
versus AAD patients (1.5% vs 2.2%, HR 0.81, 95% CI 0.66-1.00,
p50.0523). Among females, those treated with CA demonstrated
a 27% lower risk of dementia compared with those treated with
AAD (2.4% vs 4.4%, HR 0.73, 95% CI 0.59-0.90, p50.0038).
Conclusion: Patients with AF treated with CA had significantly
lower risk of dementia compared with those treated with AADs.
The lower risk of dementia in CA versus AAD treated patients was
particularly prominent among females.

ATRIAL UPTAKE OF TECHNETIUM-99M-PYROPHOSPHATE
IS ASSOCIATED WITH INCREASED ARRHYTHMIA
RECURRENCE FOLLOWING AF ABLATION
Eoin Donnellan MD; Wael A. Jaber MD;
Divyang Rajesh Patel MD; Mohamed Kanj MD; Mazen Hanna and
Oussama M. Wazni MD
Background: Atrial amyloidosis is an arrhythmogenic substrate
for atrial fibrillation (AF). Technetrium-99m-pyrophosphate
(99mTc-Pyp), known to bind calcium, was originally developed
as a bone tracer. It was subsequently demonstrated that 99mTcPyp correlated with areas of calcium deposition in injured and
necrotic myocytes. Assessment of atrial uptake (AU) of 99mTcPyp is currently not utilized clinically but may provide important
insights into the likelihood of success of rhythm control strategies
among individuals with AF.
Objective: To examine the association between AU on 99mTc-Pyp
scan and maintenance of normal sinus rhythm following AF ablation.
Methods: We studied 620 patients who were referred for a
99mTc-Pyp scan for suspected transthyretin cardiac
amyloidosis between January 2012 and September 2019. Of
these patients, 55 subsequently underwent AF ablation and
were included in our final analyses. Presence or absence of AU
was assessed using Corridor 4DMÒ software and Syngo ViaÒ
using fused/co-registered computed tomographysingle photon
emission computed tomography imaging in all cases. AU was
defined as qualitative uptake in the atrial walls distinct from the
blood pool. A representative example of AU is shown in Figure
1b. A 2-sided p-value ,0.05 was considered statistically
significant.
Results: Baseline characteristics are shown in Figure 1a and
were similar between those with and without AU. Following
ablation, 34/55 (62%) developed recurrent arrhythmia and the
mean time to recurrence was 28 months. Among those with AU
on 99mTc-Pyp scan, 21/25 (84%) experienced arrhythmia
recurrence, compared to 13/30 (43%) of those without AU
(Figure 1c, log-rank 5.4, p50.02). On multivariable models
adjusting for AF type, the presence or absence of cardiac
amyloidosis, and left ventricular ejection fraction, AU was a
significant predictor of recurrent arrhythmia (HR 2.6, 95% CI
1.2-5.3, p50.016).
Conclusion: Atrial myopathy is the result of a variety of factors
that lead to structural and electrical remodeling in the atrium
and portends a poorer prognosis with respect to rhythm
control among patients with AF. AU of 99mTc-Pyp may identify
patients at higher risk for arrhythmia recurrence following AF
ablation.
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population of .1.6 million young individuals. This may
have implications for monitoring and anticoagulation
therapy.

CA-532-04
HIGHER NEED FOR PACEMAKER IN WOMEN WITH SINUS
NODE DYSFUNCTION DUE TO DELAY IN ATRIAL
FIBRILLATION ABLATION
Saima Karim DO, FHRS; Nazli K. Okumus MD and
Muhammad Umer Butt

CA-532-03
ASSOCIATION BETWEEN SLEEP APNEA, ATRIAL
FIBRILLATION AND INCIDENT STROKE IN A VERY LARGE
POPULATION OF YOUNG INDIVIDUALS
Sunil K. Vasireddi BSBME, MD; Brototo Deb MD;
Prasanth Ganesan PhD; Ruibin Feng DPhil;
Albert Joseph Rogers MBA, MD; Tina Baykaner MD, MPH;
Neal Kumar Bhatia MD; Paul Clopton and Sanjiv M. Narayan MD,
PhD, FHRS
Background: Sleep apnea (SA) worsens outcomes in patients
with atrial fibrillation/flutter (AF), and both are common in young
patients (20-50 years). However, it is unreported what proportion
of young patients with SA have or will develop AF or stroke.
Objective: To define the relationships between AF, SA and
stroke in a population .1MM, focused on the young (20-50 Y).
Methods: We probed the Stanford Research Repository of
electronic health data since 2008, for diagnoses of stroke, AF and
SA using relevant codes (stroke: G45.X, G46.X, 434.X; AF:
I48.X; SA: G47.X, 327.27).
Results: We identified 1660860 patients aged 20-50Y, of whom
29930 had SA, 4025 had AF, and 2985 had stroke (Fig A). AF was
more common in patients with SA than without (odds ratio, OR:
16.6 [15.4-17.9, p,0.0001]). AF was diagnosed prior to SA in
90% of patients. However, patients with SA were more likely to
develop AF than patients without SA (OR: 4.54 [3.97-5.02,
p,0.0001]), and were more likely to have a stroke with AF than
without AF (OR: 6.9 [5.3-8.9], p,0.0001). Among all patients in
the population with AF, stroke was more common in patients with
than without SA (OR 1.89 [1.32-2.71,p50.004]) (Fig B). Notably,
among all patients without AF, incident stroke was significantly
more common in patients with SA than those without (OR 7.74
[6.90-8. 68 p,0.0001]), of which 67% of strokes occurred ,1
year from the diagnosis of SA (Fig B) . Among these patients with
SA and incident stroke, oral anticoagulation was more common in
patients with a diagnosis of AF than without (60% vs 19%).
Conclusion: We uncover a novel, strong association
between sleep apnea, AF, and incident stroke in a

Background: Atrial fibrillation (AF) is associated with anatomical
and electrical remodeling. Some patients with AF have
concomitant sick sinus syndrome (SSS) and may need
pacemaker (PPM) implantation. Association between catheter
ablation of AF (CA) timing and need for PPM in SSS has not been
assessed.
Objective: The primary aim of this study was to look at the
association between timing of catheter ablation after diagnosis of
atrial fibrillation and the need for a pacemaker.
Methods: We used pooled electronic health data to perform
retrospective cross sectional analysis of 66,595 patients with
AF and SSS to assess the need of PPM implantation
temporally with atrial fibrillation performed earlier within 5
years (group 1), 5-10 years (group 2), or beyond 10 years
(group 3) of diagnosis.
Results: Pacemaker implantation was lowest amongst those
with CA within 5 years; group 1 versus group 2 (18.15 % vs
27.21 %) and group 1 versus group 3 (18.15 % vs 27.22%).
Interestingly, there was no difference in risk of PPM between
group 2 and group 3 (27.21 % vs 27.22 %, OR 1.00 [0.851.20]). Even after controlling known risk factors of need for
pacemaker implantation, timing of AF ablation was the
strongest predictor for need for PPM. Women had delay in
atrial fibrillation ablation (62.3% men versus 37.7% women
in group 1) compared to men leading to significantly higher
need for pacemaker implantation as shown in the forest plot
showing the adjusted odd ratio of pacemaker in various
groups (p,0.001). (The dots represent the odds ratio and
the horizontal lines represents the 95% confidence
intervals).
Conclusion: Earlier ablation of atrial fibrillation was associated
with reduction in need for pacemaker implantation. Women
received atrial fibrillation ablation later leading to higher need for
pacemaker implantation.
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ABSTRACT CI-545:
Lead Extraction: Predicting Complications, Dealing
with Vegetations and Effects on the Tricuspid Valve
Saturday, April 30, 2022
10:30 AM - 11:30 AM

CI-545-01
RISK PREDICTION TOOL FOR CARDIAC PERFORATION
DURING TRANSVENOUS LEAD EXTRACTION: A
CANADIAN LEAD EXTRACTION RISK (CLEAR) STUDY
SCORE
Michelle Samuel MPH, PhD, FHRS; Blandine A. Mondesert MD;
Francois Philippon MD, FHRS; Arthur Lee MD MPH;
Paul Khairy MDCM, PhD; Jason G. Andrade MD, FHRS;
Jean-francois Legare; Robert J. Cusimano MD;
Lynn Fedoruk MD; Shahzad S. Karim; Andrew D. Krahn MD,
FHRS; Derek V. Exner MD, MPH, FHRS; Mouhannad Sadek MD;
Ratika Parkash MD, MS, FHRS and Jamil Bashir MD
Background: Cardiac perforation is a potentially life-threatening
complication of transvenous lead extraction. Despite procedural
advances in technology and techniques, the incidence is
significant at 1 to 3%. A risk prediction tool is warranted to identify
patients with an elevated risk of perforation prior to lead extraction
to improve surgical planning and safety.
Objective: Our objective was to develop and validate a risk
prediction score for cardiac or vascular perforation among
cardiac implantable electronic device patients undergoing lead
extraction.
Methods: The multicentre Canadian Lead ExtrAction Risk
(CLEAR) study was used to develop the score. The study
examined patients who underwent transvenous lead extraction to
ascertain the incidence and risk factors for perforation (19962016). Potential predictors of perforation were incorporated into a
multivariable least absolute shrinkage and selection operator
(LASSO) logistic regression to determine the risk model. The
model was internally validated with bootstrapping and model
discrimination was calculated.
Results: Of 2,325 patients who underwent a lead extraction (age
61.9 years, 29.0% women), 63 (2.7%) patients had a perforation
within 30 days. Female sex and no prior cardiac surgery were the
most significant factors associated with perforation, followed by
the number of leads extracted (.2), left ventricular ejection
fraction (40%), and logarithm of lead age (years). Model
discrimination was strong [area under the curve (AUC)5 0.79
(95% CI 0.73-0.84)] and the score accurately predicted the risk of
perforation (Figure 1).
Conclusion: Individual patient risk for perforation from lead
extractions can be accurately predicted from the CLEAR score.
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CI-545-02
FEASIBILITY AND SAFETY OF CONCOMITANT
PERCUTANEOUS LEAD EXTRACTION AND VACUUMASSISTED REMOVAL OF LEAD-RELATED VEGETATIONS
ZIAD F. ISSA MD, FHRS
Background: Cardiac implantable electronic device (CIED)
infections associated with lead-related vegetations add to the
complexity of lead extraction and are associated with significant
patient morbidity and mortality.
Objective: This study assessed the feasibility and outcome of
CIED lead extraction concomitant with vacuum-assisted removal
of lead-related vegetations.
Methods: This is a single-center retrospective case series of
consecutive patients with CIED-related infection, bacteremia,
sepsis, or endocarditis who have lead-associated vegetations of
.20 mm in size and subsequently underwent immediate CIED
lead extraction concurrent with vegetation debulking with
vacuum-assisted suction. All procedures were performed in the
EP laboratory by an electrophysiologist and interventional
cardiologist, under general anesthesia with concurrent
transesophageal echocardiography.
Results: A total of 30 patients were included in this analysis (60%
female, mean age: 77.3 6 11.2 years). TLE was attempted for 72
leads with complete success in 69 leads (95.8%), partial success
in 3 leads (in the form of retained tips of right ventricular [RV]
leads). A laser sheath was required for extraction of 59 leads (in
27 patients). The rest of the leads were extracted with manual
traction. The average length of time since lead implantation was
112 6 54 months (median 56; range 6 to 213 months). Debulking
of vegetations was performed concurrent with TLE using
vacuum-assisted device suction. There was one intraprocedural
complication related to embolization of a large vegetation into the
pulmonary artery, which was retrieved percutaneously. None of
the patients required open heart surgery. There was no mortality
within 30 days of the procedure.
Conclusion: Our date, the largest series to date, show that
concomitant CIED lead extraction and vacuum-assisted removal
of lead-related vegetations are feasible and safe for patients with
infected CIED systems with large vegetations, and such an
approach can help obviate high-risk cardiac surgery.

CI-545-03
TRANSVENOUS LEAD EXTRACTION FOR THE
MANAGEMENT OF TRICUSPID REGURGITATION
Yingyot Arora BS and Roger G. Carrillo MBA, MD, FHRS
Background: Tricuspid regurgitation (TR) secondary to cardiac
implantable devices is an under-recognized and under-treated
etiology of reduced quality of life and right heart (RH) failure. Early
stages of the disease may be managed percutaneously with
transvenous lead extraction (TLE). Identifying patients with leadinduced TR who may benefit from TLE continues to be a
challenging task.
Objective: We present our center’s protocol for the management
of lead-induced TR treated with TLE.
Methods: Patients with 3-D transesophageal echocardiogram
(TEE) confirmed TR, and clinical signs of RH failure were
referred for extraction. Patients with mild to moderate TR with
a tricuspid valve circumference of ,40mm and lead
impingement of the septal leaflet or patients with a central TR
jet were considered candidates for extraction. Between
January 2015 and August 2021, 15 patients met the inclusion
criteria. Patients underwent laser lead extraction and
implantation of MicraÔ (Medtronic; Minneapolis, MN)
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pacemaker or subcutaneous ICD. Follow-up was performed
with TEE in index hospitalization and outpatient transthoracic
echocardiogram (TTE).
Results: Fifteen patients (7 females; average age 65.6 6 14.2)
with 24 total leads met the criteria outlined above. Improvement in
TR, confirmed by postoperative TEE, was achieved in the entire
cohort. All patients were discharged alive. There were no major or
minor complications associated with the use of TLE for the
resolution of TR in our series. Follow-up between 4-8 months with
TTE confirmed no significant TR.
Conclusion: Tricuspid regurgitation was successfully reversed
with TLE in our cohort. Further clinical studies are needed to
validate protocols.

CI-545-04
SINGLE CENTER OUTCOMES OF LEAD EXTRACTION IN
PATIENTS WITH SEVERE TRICUSPID REGURGITATION
Syed Rafay Ali Sabzwari MBBS, MD; James Arthur Mann MD;
Lukasz Cerbin MD; Christopher Barrett; Amneet Sandhu MD;
Paul D. Varosy MD, FHRS; Jason West; Lohit Garg MBBS, MD;
Alexis Z. Tumolo MD; Michael A. Rosenberg MD;
Wendy S. Tzou MD, FHRS; Daniel Groves; Muhammad Aftab;
Ryan G. Aleong MD, FHRS and Matthew M. Zipse MD
Background: Transvenous leads can cause severe tricuspid
regurgitation (TR) due to leaflet impingement; however, there is
paucity of data evaluating the benefit of lead extraction for
improvement in TR and what patient-specific factors might
predict TR improvement after lead removal.
Objective: To investigate (1) the effect of transvenous lead
extraction (LE) and change in severity of tricuspid regurgitation,
and (2) identify patient characteristics that are associated with
improvement in TR.
Methods: Among consecutive patients with preprocedural
electrocardiogram gated CT undergoing LE between Jan 2017
and Aug 2019, patients with severe TR at the time of the
procedure were identified. Assessment of severe TR and
mechanism of TR was made on pre-extraction TEE. Post
procedural TR assessment was done by TTE performed at a
median follow up of 4.8 6 1.3 months.
Results: 16/69 patients with native or bioprosthetic tricuspid
valve and single right ventricular lead coursing through the
tricuspid valve had evidence of severe TR (Table). 9 patients
were referred for lead extraction for TR due to impingement of
tricuspid valve. 7 patients underwent lead extraction for other
reasons. 2/16 patients with RV pacing leads had improvement
in TR to mild range, both of which had undergone lead
extraction for tricuspid valve leaflet impingement whereas 0/7
patients undergoing lead extraction for other reasons had any
improvement in TR. The only significant association with
improvement in TR was average lead dwell time of 6.5
months, compared to average lead dwell time of 4.1 years for
rest of the patients without improvement in TR. There was no
association noted between presence of RV dysfunction/
dilation at the time of lead extraction and improvement in TR
post extraction.
Conclusion: None of the patients with leads older than 7
months had any improvement in TR. Potential etiologies
include (1) progressive or irreversible leaflet fibrosis, (2)
progressive tricuspid regurgitation which, when sustained,
may promote further tricuspid annular dilation, reduce RV
function, and worsen TR. These factors limit improvement in
TR with LE unless LE is performed acutely after recognition of
lead impingement. Further studies are needed to evaluate
additional patient characteristics associated with TR
improvement after LE.

ABSTRACT PE-565:
Advances in Adult Congenital Heart Disease
Saturday, April 30, 2022
10:30 AM - 11:30 AM

PE-565-01
PROGRAMMED VENTRICULAR STIMULATION AS AN
ADDITIONAL PRIMARY PREVENTION RISK
STRATIFICATION TOOL IN ARRHYTHMOGENIC RIGHT
VENTRICULAR CARDIOMYOPATHY: A MULTINATIONAL
STUDY
Alessio Gasperetti MD; Richard T. Carrick MD PhD;
Fabrizio Tundo MD; Paolo Compagnucci MD;
Laurens P. Bosman MD; Fabrizio Tundo MD; Crystal Tichnell MS,
RN; Brittney A. Murray MS; Harikrishna Tandri MD;
Rafik Tadros MD, PhD; Lena Rivard MD, MSci; Paul Van Der
Bergh; Katja Zeppenfeld MD, PhD; Arthur A.M. Wilde MD, PhD;
Fabrizio Tundo MD; Corrado Carbucicchio MD;
Antonio Dello Russo MD, PhD; Michela Casella MD;
Anneli Svensson MD; Corinna B. Brunckhorst MD; Peter van
Tintelen MD, PhD; Pyotr G. Platonov MD, PhD, FHRS;
Kristina H. Haugaa MD, PhD; Firat Duru MD;
Anneline Te Riele MD, PhD; Paul Khairy MDCM, PhD;
Claudio Tondo MD, PhD, DPhil, FHRS; Hugh Calkins MD, FHRS;
Cynthia A. James PhD, CGC; Ardan Saguner and
JULIA CADRIN-TOURIGNY MD, MS, CCDS
Background: A novel risk calculator predicting sustained
ventricular arrhythmias (VA) in patients (pts) with arrhythmogenic
right ventricular cardiomyopathy (ARVC) was recently proposed.
It is unknown if programmed ventricular stimulation (PVS)
provides additional prognostic value.
Objective: To test if PVS provides additional prognostic value in
pts with ARVC without previous VA at the time of diagnosis.
Methods: All pts with definite ARVC, no history of sustained VAs
at diagnosis, and PVS at baseline were extracted from 7 ARVC
registries. The calculator-predicted risk for sustained VA was
assessed in all pts. Independent and combined performance of
the risk calculator and PVS on sustained VA were assessed
during a 5-year follow-up (f.u.).
Results: 288 pts (41.0614.5 years, 55.9% male, RVEF
42.5611.1%) were enrolled. At PVS, 137 (47.6%) pts had
inducible VT. During f.u., 83 pts with a positive PVS and 37 with a
negative PVS had sustained VA (p,0.001). Inducible VT
predicted clinical sustained VA during the 5-year f.u. (HR 4.21;
p,0.001) and even after accounting for the calculator-predicted
risk (HR 2.97; p ,0.001). The model comprising both predictors
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provided the best discrimination (C-statistic 0.75). PVS
inducibility had a 76% sensitivity and 68% specificity (loglikelihood ratios of 2.4 and 0.42 for inducible and non-inducible
pts). In pts with a calculator-predicted risk of VA ,25% over 5
years (i.e., low/intermediate subgroup), inducible VT was
associated with a 40.9% positive predictive value and a 93.0%
negative predictive value.
Conclusion: Sustained VT inducibility by PVS significantly
improved risk stratification above and beyond the calculatorpredicted risk of VA in a primary prevention cohort of pts with
ARVC.

PE-565-02
PILOT HOLE ASSISTED TRANSSEPTAL PACING TO AVOID
DYSSYNCHRONY: THE PHAT PAD TECHNIQUE
Steven B. Fishberger MD, CEPS-P; Charles C. Anderson MD,
CEPS-P and Richard Jensen MD
Background: It is recognized that right ventricular pacing results
in left ventricular dysfunction, heart failure, and decreased quality
of life. Biventricular pacing via the coronary sinus and His bundle
pacing have been beneficial, though these methods have
significant limitations. Left bundle branch pacing has emerged as
an alternative for physiologic pacing, however achieving this is
challenging in some patients.
Objective: The PHAT PAD technique describes a method to
reliably pace the left bundle branch. This technique provides
access to the left bundle via a transseptal approach.
Methods: A deflectable sheath is positioned along the
midportion of the right ventricular septum. Under fluoroscopic
and transesophageal guidance, a radiofrequency wire is
advanced through the septum into the left ventricle. A dilator is
advanced over the wire into the septum, creating a pilot hole, and
removed. The wire is retained across the septum in the sheath,
and a Medtronic 3830 lead is advanced through the sheath along
the wire into the pilot hole. Pacing is performed to confirm left
bundle pacing by the demonstration of right bundle branch block
on the surface ECG. Repeat echocardiographic imaging is used
to evaluate function and determine if there is any ventricular level
shunt.
Results: The PHAT PAD technique was used to attempt left
bundle transvenous pacing in 2 patients, ages 18 and 76 years.
Both achieved right bundle branch block (RBBB) on surface ECG
with a QRS duration of 120 and 125 ms. By transesophageal
imaging, patients had normal left ventricular function and there
was no evidence of a ventricular septal defect. At 5 month follow
up for both patients, RBBB was still present and capture
thresholds where , 1.0 volt at 0.4 ms.
Conclusion: This proof of concept study describes a technique
that enhances the ability to achieve physiologic left bundle
pacing. Intermediate results are encouraging, however long term
follow up and a larger patient cohort is necessary.
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PE-565-03
NON-INVASIVE IDENTIFICATION OF SLOW CONDUCTING
ANATOMICAL ISTHMUSES IN PATIENTS WITH
TETRALOGY OF FALLOT BY 3-DIMENSIONAL LATE
GADOLINIUM ENHANCEMENT CARDIOVASCULAR
MAGNETIC RESONANCE IMAGING
Yoshitaka Kimura MD, PhD; Justin Wallet MD; Nico A. Blom MD,
PhD; Hildo.J.J. Lamb and Katja Zeppenfeld MD, PhD
Background: Patients with repaired tetralogy of Fallot (rTOF)
remain at risk of sudden cardiac death due to sustained
monomorphic ventricular tachycardia (SMVT). The majority of
SMVTs are related to slow conducting anatomical isthmuses (SCAI)
in particular to SCAI3 at the outlet septum, bordered by the
pulmonary annulus and the ventricular septal defect patch.
Electroanatomical mapping (EAM) is the invasive gold standard to
identify SCAIs; non-invasive characterization of AIs has not been
established.
Objective: The study aims to evaluate whether 3D late
gadolinium enhancement cardiovascular magnetic resonance
(3D LGE-CMR) can identify SCAIs.
Methods: Consecutive patients with rTOF who underwent right
ventricular (RV) EAM and 3D LGE-CMR were included. LGECMR-derived 3D RV reconstructions were created (ADAS 3D)
and merged with RV EAM data. Mapping points were
superimposed on the CMR-derived 3D reconstruction allowing
for direct comparison of EAM data and local signal intensity (SI).
The optimal SI cut-off to identify low bipolar voltage (LBV,
BV,1.76mV) was determined. An abnormal AI on LGE-CMR
was defined as AI with continuous high SI connecting AI borders.
Results: Forty-six rTOF patients (34616 years, 57% male) were
included. At EAM, 20 patients had normal AI, and 19 and 7 had a
SCAI (,0.5m/s) or blocked AI, which was AI 3 in all. In 11 patients,
14 SMVTs could be induced, which were all related to SCAI3. A
total of 8979 points were analyzed, showing a significant correlation
between BV and SI (R50.39, P,0.001). The optimal SI cut-off to
identify LBV was 42% of the maximal SI (MSI) (AUC 0.79;
sensitivity, 74%; specificity, 78%). Using this cut-off a SCAI or
blocked AI3 could be correctly identified by LGE-CMR in all 26
patients and a normal AI3 could be confirmed in 13/20 patients with
normal EAM findings (Figure). The sensitivity and specificity of 3D
LGE-CMR for identifying SCAI or blocked AI3 were 100% and 65%,
respectively. Of note, among patients with normal EAM findings,
those with abnormal AI3 on LGE-CMR had lower BV of AI3 than
those with normal AI3 on LGE-CMR. (2.06 [Range, 1.62-2.60] vs.
3.53 [2.22-5.67] mV, P,0.01).
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Conclusion: 3D LGE-CMR can identify SCAI with 100%
sensitivity, which may contribute to risk stratification and patient
selection for invasive EAM.

ABSTRACT EN-580:
Women in EP: It’s Time to Talk About the Money!
Closing the Gender Pay Gap in EP
Saturday, April 30, 2022
12:30 PM - 2:00 PM

EN-580-01
RISK PREDICTION TOOL FOR CARDIAC PERFORATION
DURING TRANSVENOUS LEAD EXTRACTION: A
CANADIAN LEAD EXTRACTION RISK (CLEAR) STUDY
SCORE
Michelle Samuel; Blandine A. Mondesert; Francois Philippon;
Arthur Lee; Paul Khairy; Jason G. Andrade; Jean-francois Legare;
Robert J. Cusimano; Lynn Fedoruk; Shahzad S. Karim;
Andrew D. Krahn; Derek V. Exner; Mouhannad Sadek;
Ratika Parkash and Jamil Bashir
Background: Cardiac perforation is a potentially life-threatening
complication of transvenous lead extraction. Despite procedural
advances in technology and techniques, the incidence is
significant at 1 to 3%. A risk prediction tool is warranted to identify
patients with an elevated risk of perforation prior to lead extraction
to improve surgical planning and safety.
Objective: Our objective was to develop and validate a risk
prediction score for cardiac or vascular perforation among cardiac
implantable electronic device patients undergoing lead extraction.
Methods: The multicentre Canadian Lead ExtrAction Risk
(CLEAR) study was used to develop the score. The study
examined patients who underwent transvenous lead extraction to
ascertain the incidence and risk factors for perforation (19962016). Potential predictors of perforation were incorporated into a
multivariable least absolute shrinkage and selection operator
(LASSO) logistic regression to determine the risk model. The
model was internally validated with bootstrapping and model
discrimination was calculated.
Results: Of 2,325 patients who underwent a lead extraction (age
61.9 years, 29.0% women), 63 (2.7%) patients had a perforation
within 30 days. Female sex and no prior cardiac surgery were the
most significant factors associated with perforation, followed by the
number of leads extracted (.2), left ventricular ejection fraction
(40%), and logarithm of lead age (years). Model discrimination
was strong [area under the curve (AUC)5 0.79 (95% CI 0.73-0.84)]
and the score accurately predicted the risk of perforation (Figure 1).
Conclusion: Individual patient risk for perforation from lead
extractions can be accurately predicted from the CLEAR score.
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EN-580-02
ATRIAL PACING INDUCED OVERSENSING IN
SUBCUTANEOUS IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR
Amy Louise Wharmby BSc; James Elliott;
Christopher A. Monkhouse BS, CCDS; Charles Butcher MBBS,
PhD and Pier D. Lambiase BCH, BM, MBChB, PhD, FHRS
Background: A 23 year old male with hypertrophic
cardiomyopathy, was implanted with a Subcutaneous
Implantable Cardioverter Defibrillator (S-ICD) (Cameron Health
SQ-RX 1010). Four years later the patient developed
symptomatic bifascicular block and a dual chamber pacemaker
(PPM) (Biotronik Epyra-6) was implanted.
Objective: To highlight the potential challenge of interactions
between an S-ICD and atrial pacing.
Methods: N/A
Results: The PPM was programmed DDD with a lower rate of 60
bpm and an upper rate of 150 bpm. The S-ICD conditional and
shock zones were set to 250 bpm, in the Secondary vector.
Primary and Alternate vectors were not viable options due to
oversensing of the patient’s intrinsic rhythm and smart pass
filtering unavailable on this device model.
Two months post PPM insertion, an untreated episode was
detected by the S-ICD displaying intermittent triple counting of the
P, R and T-wave (figure 1). Consequently simultaneous
interrogation of the PPM and S-ICD was performed. Upon
conducting the atrial threshold test in AAI mode, the S-ICD Pwave oversensing was replicated (figure 2).
The paced P-wave amplitude was similar to that of the intrinsic Rwave (figure 1 circled in red) resulting in sensing of both
components. S-ICD sensing utilises auto gain control whereby the
average amplitude of the last two sensed signals is taken and the
decay to sensing floor begins at 75% of this calculated amplitude.
As the interval between sensed beats decreases, the shorter the
refractory period and more aggressive the decay to ensure
appropriate sensing of small amplitude signals, typically seen
during ventricular fibrillation. A fortuitous ventricular ectopic
(figure 1 highlighted in green) resets the sensing profile as the
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pathologically shortened APD90 (IC: 429616ms; SupRep-treated:
396661ms; sham-treated: 274612ms).
Conclusion: We provide the first proof-of-principle gene therapy
for correction of both LQT2 and SQT1. Akin to our sentinel
discovery of SupRep gene therapy for LQT1, KCNH2-SupRep
gene therapy successfully corrected/normalized the pathologic
APD90, thereby eliminating the pathognomonic feature of both
LQT2 and SQT1.

ABSTRACT BS-515:
Genetic Mechanisms of Arrhythmia: Beyond the
Coding Regions
amplitude is significantly greater and momentarily avoids further
oversensing and inappropriate therapy.
Following this episode, the PPM was reprogrammed with a
reduced lower rate limit of 40 bpm and atrial auto-capture turned
off allowing intrinsic P-wave sensing. No further untreated
episodes due to oversensing were seen for the remainder of the SICD battery longevity of approximately 2 years.
Conclusion: It is important to screen all possible paced
morphologies from both the atrial and ventricular chambers to
prevent S-ICD oversensing when concurrent devices are in situ.

EN-580-03
SUPPRESSION AND REPLACEMENT GENE THERAPY FOR
KCNH2-MEDIATED ARRHYTHMIAS
Sahej Bains BS; Wei Zhou MD; Steven Michael Dotzler BA;
Katherine Martinez; Changsung John Kim PhD; David Tester BS
and Michael John Ackerman MD, PhD
Background: KCNH2-mediated arrhythmias are caused by
either loss-of-function (type 2 long QT syndrome, LQT2) or gainof-function (type 1 short QT syndrome, SQT1) pathogenic
variants in the KCNH2-encoded Kv11.1 potassium channel
which is essential for the rapid delayed rectifier current (IKr) that
contributes to the cardiac action potential (AP). No current
therapies target the molecular cause of either LQT2 or SQT1.
Objective: To rescue the pathologic phenotype in cell models of
LQT2 and SQT1 using our novel gene therapy.
Methods: A dual-component “suppression-and-replacement”
(SupRep) KCNH2 gene therapy was created by cloning into a
single construct a custom-designed KCNH2 shRNA that
produces w80% knockdown (suppression) and a “shRNAimmune” (shIMM) KCNH2 cDNA (replacement). Patient-derived
induced pluripotent stem cell-derived cardiomyocytes (iPSCCMs) and their CRISPR-Cas9 variant-corrected isogenic control
(IC) iPSC-CMs were made for 3 LQT2- (G604S, G628S, N633S)
and 1 SQT1- (N588K) causative variants. All 4 variant lines were
treated with KCNH2-SupRep or non-targeting control shRNA
(sham). FluoVolt voltage dye was used to measure the APD at
90% repolarization (APD90).
Results: KCNH2-SupRep achieved mutation-independent
rescue of the pathologic phenotype in both LQT2 and SQT1. For
LQT2-causative variants, treatment with KCNH2-SupRep resulted
in shortening of the pathologically prolonged APD90 to near
curative (IC-like) APD90 levels (G604S IC, 471625ms; G628S IC,
429616ms; N633S IC, 405655ms) compared to treatment with
sham (G604S: SupRep-treated, 452676ms vs. sham-treated,
550641ms, p,0.0001; G628S: SupRep-treated, 491638ms vs.
sham-treated, 674620ms, p,0.0001; N633S: SupRep-treated,
3996105ms vs. sham-treated, 577639ms, p,0.0001).
Conversely, for the SQT1-causative N588K, treatment with
KCNH2-SupRep resulted in therapeutic prolongation of the

Saturday, April 30, 2022
1:00 PM - 2:00 PM

BS-515-01
NON-CODING DELETION INDUCES 3D CHROMATIN
REMODELLING AND PITX2 EXPRESSION
DYSREGULATION ASSOCIATED WITH A SYNDROMIC
CARDIAC DISORDER
Manon Baudic; Hiroshige Murata MD, PhD; Fernanda M. Bosada;
Uira Souto Melo; Taisuke Ishikawa DVM, PhD; Takanori Aizawa;
Amaury Guedon; Estelle Baron; ADRIEN FOUCAL;
Pierre Lindenbaum; Solena Le Scouarnec; Wataru Shimizu MD,
PhD; JEAN BAPTISTE GOURRAUD MD, PhD;
Naomasa Makita MD, PhD; Herve Le Marec MD;
Claude Vieyres MD; Stephan Mundlos; Vincent M. Christoffels PhD;
Takeru Makiyama PhD; VINCENT PROBST MD;
Jean-Jacques Schott PhD and Julien Barc PhD
Background: In a first family (family#1), we identified 53
members of whom 17 present a syndromic cardiac disorder
characterized by electrical disorders (sinus node dysfunction,
atrial fibrillation...) and developmental defects (atrial septal
defect, valvopathy, left ventricle non-compaction...) following an
autosomal dominant model. Among the affected family members,
6 are implanted with a pacemaker and one experienced a sudden
death at 43yo. Despite a strong linkage pointing to the 4q25
region, exome sequencing failed to identify causal variant.
Interestingly, 6 additional non-related families presenting the
same phenotype have been also identified.
Objective: Our aims are to identity the causal mutation and the
molecular mechanism underlying this complex cardiac
syndrome.
Methods: Genetic study has been performed using whole
genome sequencing (WGS). Based on transgenic mouse strains,
we assessed the impact of Family#1 mutation on the phenotype
and on gene expression. Then, we generated human
cardiomyocytes derived iPS cells (CM-iPS) isogenic models to
evaluate the epigenome (CUT&RUN and ATAC-seq),
transcriptome (RNA-seq) and topological associated domain
(TAD) remodelling (Hi-C).
Results: By WGS we uncovered a deletion of 15kb in a gene
desert area on 4q25, segregating in all affected relatives of
Family#1. The 6 other families present overlapping deletions.
Mouse model recapitulates the cardiac phenotype and exhibit a
dysregulation of Pitx2 expression in cardiac specific
compartments. Based on human CM-iPS models, epigenetic data
highlight among the 15kb deletion a unique open region containing
a CTCF binding site, crucial for delimiting TAD boundaries. Hi-C
assay reveals the fusion of 2 TADs and highlights new interactions
between PITX2 and atrial specific regulatory elements.
Conclusion: We identified a deletion located within a gene
desert area associated with a complex cardiac disorder. The
CTCF binding site contained in the deletion seems key in the TAD
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border. The TAD remodelling leads to new (regulatory)
interactions and expression dysregulation of PITX2. We describe
a new molecular mechanism implying a yet unidentified noncoding regulatory element of PITX2 and responsible for a
complex electrical and developmental cardiac syndrome.

BS-515-03

BS-515-02

Nana Liu MD, PhD; John Barnard PhD; Gautam Mahajan;
Gregory Tchou PhD; H.A.N. SUN; David R. Van Wagoner PhD,
FHRS; Mina K. Chung MD, FHRS and Jonathan D. Smith PhD

DELETION OF A GATA-RESPONSIVE NKX2-5 ENHANCER
CAUSES CYANOTIC CONGENITAL HEART DISEASE AND
HYPOMORPHIC RIGHT PURKINJE NETWORK
Ernest Chang MD, PHD; Naoko Yamaguchi PhD;
Ivan Moskowitz MD, PhD and David S. Park MD, PhD
Background: Cardiac progenitor cells of the second heart field
(SHF) give rise to the right ventricle (RV), outflow tract (OFT), and
right bundle branch (RBB). Perturbation of the SHF contribution
during development results in congenital heart disease involving
the OFT and RBB. Although critical transcriptional programs,
such as Gata and Nkx2-5, are important for SHF development,
little is known about how these factors function in a gene
regulatory network. Prior work has shown that a putative Gatadependent cardiac enhancer enriches expression of Nkx2-5 in
the SHF, however validation studies confirming relevance for
cardiac morphogenesis is lacking.
Objective: To study the importance of this cardiac enhancer on
heart development, we generated Nkx2-5 enhancer knockout
mice and characterized the impact on SHF-derived structures.
Methods: We generated mice harboring a 226-nucleotide
deletion of the GATA-responsive Nkx2-5 cardiac enhancer
(Nkx2-5Denh/Denh) using CRISPR/Cas9 gene editing and
assessed clinical phenotypes. Cardiovascular defects in Nkx25Denh/Denh mice were physiologically assessed using
electrocardiography (ECG) and echocardiography (TTE).
Cardiac morphological defects were characterized using
histology and scanning electron micrography. Altered expression
of genes involved in OFT and RBB development were assessed.
Results: Nkx2-5Denh/Denh mice exhibit neonatal lethality due to
cyanotic heart disease. Congenital heart defects include
persistent truncus arteriosus, double-outlet right ventricle, and Dtransposition of the great arteries. Homozygous mutants display
marked hypoplasia of the right Purkinje network with
corresponding right ventricular conduction delay seen as QRS
prolongation by ECG and interventricular dyssynchrony by TTE.
Morphological evaluation of embryonic mutant hearts showed
severe conotruncal abnormalities and hypoplasia of the right
trabecular system. Nkx2-5 expression is reduced selectively in
the RV and OFT in mutant hearts. Factors implicated in
conotruncal septation (Sema3c and Rspo3) and ventricular
trabeculation (Angpt1) were significantly reduced.
Conclusion: Our results reveal that a single cardiac enhancer is
essential for major cardiac developmental events, such as
outflow tract septation and RBB formation.

ATRIAL FIBRILLATION ASSOCIATED COMMON INTRONIC
RISK VARIANTS IN SYNE2 LEAD TO LOWER EXPRESSION
OF NESPRIN-2A1, INCREASED NUCLEAR STIFFNESS AND
EARLY AFTER DEPOLARIZATIONS IN CARDIOMYOCYTES

Background: Atrial fibrillation (AF) genome-wide association
studies (GWAS) identified significant associations with
rs1152591 and linked variant rs1152595 in the SYNE2 gene,
encoding the nesprin-2 protein that connects the nuclear
membrane with the cytoskeleton.
Objective: To determine the effects of the AF-associated SNPs
on SYNE2 expression and investigate the mechanisms for their
association with AF.
Methods: RNA sequencing was performed on 234 AF human left
atrial appendage (LAA) tissues. Human induced pluripotent stem
cell-derived cardiomyocytes (iCMs) were used to study the
cellular effects of SYNE2 knockdown (KD) or GFP-SYNE2a1
overexpression. Reporter gene vectors was used to study the
regulatory roles of the SNPs. Nuclear size and stiffness were
measured by immunofluorescent microscopy and atomic force
microscopy. Calcium transient assay was performed using
epifluorescence microscopy and Fura-2 AM.
Results: RNA sequencing of LAA tissues indicated that
rs1152591 and rs1152595 were significantly associated with the
expression of short SYNE2a1 isoform, without affecting the
expression of the full-length SYNE2 mRNA. Risk vs. reference
alleles of rs1152591 and rs1152595 had decreased promoter or
enhancer activity. SYNE2 siRNA KD or nesprin-2a1
overexpression in human iCMs resulted in w12.5% larger
nuclear area compared to controls (p,0.001). SYNE2 KD or
nesprin-2a1 overexpression led to 57.5% or 33.2% decreases,
respectively, in nuclear stiffness compared to controls (p,
0.0001). Nesprin-2a1 overexpression rescued the effects of
SYNE2 siRNA KD on calcium transient, significantly decreasing
the intracellular calcium concentration (p,0.001) and the
incidence of early afterdepolarizations (EADs) (p,0.001).
Conclusion: AF-associated SNPs rs1152591 and rs1152595
downregulate the expression of SYNE2a1 in the human LAA.
SYNE2a1 has a dominant-negative effect on the nucleus,
decreasing nuclear-cytoskeletal connectivity and nuclear
stiffness that may protect iCMs from repetitive motion stress, and
also has a gain of function activity on the calcium cycling,
decreasing EADs that may protect against atrial arrhythmia.

BS-515-04
REPLICATED GENE EXPRESSION CHANGES IN PATIENTS
WITH PERSISTENT ATRIAL FIBRILLATION
Stef Zeemering PhD; Aaron Isaacs PhD; Joris Winters PhD;
Aaron Isaacs MD; Michal Kawczynski MD;
Marisol Herrera Rivero PhD; Amer Ghalawinji; Anika Witten PhD;
Winnie Chua PhD; Stefan Kaab MD, PhD; Reza Wakili MD, PhD;
Moritz F. Sinner MD, PhD; Lluis Mont MD, PhD;
Eduard Guasch MD, PhD; Stephane Hatem MD, PhD;
Harry J.G.M. Crijns MD, PhD; Larissa Fabritz MD, PhD;
Paulus Kirchhof MD, PhD; Monika Stoll PhD and
Ulrich Schotten MD, PhD
Background: Little is known about changes in the atrial
transcriptome associated with persistent atrial fibrillation (AF).
Objective: To identify major molecular mechanisms in persistent
AF, we determined consistent differential expression (DE)
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between atrial tissue samples from well-characterized patients
with persistent AF and patients without a history of AF in two
independent patient cohorts.
Methods: Poly-A tailed RNA molecules, extracted from total
RNA, from left and right atrial appendage tissue samples from
independent discovery and replication cohorts CATCH ME
(n5142) and RACE V (n582) were sequenced, and analyzed
according to patient AF history. Analyses were performed
stratified by atrial side, adjusting for age, sex, heart failure and a
combination of eleven clinical characteristics determined by
principal component analysis. Transcripts were considered DE in
CATCH ME if their fold change reached transcriptome-wide
significance (false discovery rate (FDR) , 0.05). DE transcripts
were replicated in RACE V with a concordant direction of effect
and a within-set FDR , 0.05.
Results: Persistent AF was associated with 184 left atrial DE
transcripts in CATCH ME of which 85 (46%) were replicated in
RACE V, and with 208 right atrial DE transcripts in CATCH ME
of which 86 (41%) were replicated in RACE V. Overall, 26
transcripts were discovered and replicated in both atria. Nonreplicated transcripts often exhibited concordant direction of
effect (left: 78%, right: 83%). Replicated transcripts consisted
of protein coding genes, antisense and non-coding RNAs.
Protein coding genes showed involvement in pathways linking
persistent AF to cardiomyocyte structure, conduction
properties, fibrosis, inflammation, molecule trafficking, and
endothelial dysfunction.
Conclusion: RNA sequencing of human atrial tissue samples
identified many transcripts associated with persistent AF in left
and/or right atria, discovered and replicated using two
independent cohorts. These consistent findings of AF-induced
changes provide a starting point for targeted proteomic
analysis and single-nucleus sequencing to further unravel the
molecular mechanisms underlying AF and the progression to
persistent AF, and biomarker development to quantify AF
progression and enable precision medicine in individual
patients.
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ABSTRACT CE-541:
Arriving at a better understanding of COVID-19 and
arrhythmias
Saturday, April 30, 2022
1:00 PM - 2:00 PM

CE-541-01
OUTCOMES IN PATIENTS WITH COVID-19 COMPLICATED
BY HIGH GRADE ATRIOVENTRICULAR BLOCK
Ivan Mendoza MD; Karina Gonzalez Carta MD, MS;
Heliodoro A. Rodriguez MD; Igor Morr; Elirub de Lourdes Rojas
Gimon; yolimar meza-mendez; Elias Urbaez; Susana Blanco and
Ivan Mendoza
Background: There is growing evidence showing that
arrhythmias are one of the major complications of COVID19.However, there are currently only a few case reports of highgrade atrioventricular block (AVB). We sought to describe a large
case series of AVB as a complication of COVID-19.
Objective: The purpose of the current study is to describe a large
case series of AVB as a complication of COVID-19.
Methods: We included a series of twenty-five (25)consecutive
patients with confirmed COVID-19, who developed advanced
AVB in a prospective observational multi-center study. Patients
underwent clinical, laboratory evaluation, Holter, telemetry,
Echocardiogram, Chest X-Ray, chest CT scan and cardiac MRI
Results: Of the 25 patients 13 were male with a mean age of
62+-13 years. 19 developed complete AVB, one a 3:1 AVB and
five 2:1 AVB. None of the patients had a history of cardiac
arrhythmia. AVB was not related to medication or intubation.
Eighteen patients developed AVB during their hospitalization for
COVID-19 and 7 after the first month as a late sequela. Five
patients were asymptomatic, 6 presented syncope, seven
dyspnea and seven dizziness. Eleven patients presented reverse
AVB early by a high dose of corticosteroid in all of them, and
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combined with colchicine in 4 cases, with no recurrent episodes.
13 patients required a permanent pacemaker for persistent
conduction defect (52%) and one died of ventricular fibrillation
without pacemaker
Conclusion: Advanced AVB could be a complication of COVID19. The conduction disturbance was reversed by corticosteroids
with or without colchicine in eleven of twenty five cases (44%)The
resolution with corticosteroids of the advanced AVB in these
patients could reflect the transient nature of the viral infection and
the inflammatory response associated with it in some patients. 13
patients required a pacemaker(52%). Physicians should be
aware of this complication.

CE-541-02
POST-COVID AND POSTURAL ORTHOSTATIC
TACHYCARDIA SYNDROME
Justin Haloot DO; Mahmoud Kabbani; Monica VerduzcoGutierrez; Ratna Bhavaraju-Sanka and Jayasree Pillarisetti MD,
FHRS
Background: Persistence of symptoms beyond acute
coronavirus disease 2019 (COVID-19) is termed post-acute
sequelae of SARS-CoV-2 (PASC) and include neurological,
pulmonary, cardiac, psychiatric, and functional impairment. Most
common cardiac sequelae appear to be postural orthostatic
tachycardia syndrome (POTS). The incidence, presentation and
long-term outcomes of POTS as a post-COVID condition is
unknown.
Objective: To study the presentation, management, and
outcome of Post-COVID POTS.
Methods: We conducted a retrospective study of all patients who
were diagnosed with POTS at Cardiology, Neurology, and
Rehabilitation Post-COVID clinic after COVID-19 infection
between March 1, 2020, and November 1, 2021, at the University
of Texas Health San Antonio. We examined COVID history,
POTS diagnosis, management, and outcomes of Post-COVID
POTS patients.
Results: The cohort comprised of 40 patients who were
diagnosed with Post-COVID POTS. Mean age was 40.98 6 11
years with a mean BMI of 32.32 6 9.70. Females comprised of
97.5% of the patients. Symptoms began 4-6 weeks after COVID
and included fatigue (75%), palpitations (70%), lightheadedness
(47.5%), cognitive decline (50%), mental clouding (50%),
dyspnea (50%), memory loss (47.5%), and syncope (2.5%).
Patients were diagnosed with Post-COVID POTS an average of
219.9 6 156.4 days after the diagnosis of COVID-19.
Tachycardia upon standing or activity occurred with a mean
change in heart rate of 42.48 6 29.37 bpm. Along with increasing
water intake, salt intake, rehabilitation, and lower body
compression, initial management included beta blockers (30%),
fludrocortisone (5%), and midodrine (5%). At 6 months, patients
still had persistent symptoms with 65.52% of patients noting
some improvement, 31.0% with stable symptoms, and 3.45%
with worsening symptoms. Physical therapy and rehabilitation
were reported as the most effective treatment in the mild
improvement group. At 6 months disabling symptoms persisted in
100% of these high functioning women pre-COVID. No patient
had full recovery.
Conclusion: Post-COVID POTS is a disabling diagnosis and
symptoms persisted even after 6 months of onset. Although
physical therapy and rehabilitation seem to have some effect,
these patients who were functional pre-COVID are still disabled
and none had full recovery.
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CE-541-03
OCCURRENCE OF ATRIAL FIBRILLATION AFTER
RECEIVING A SARS- COV-2 VACCINE: REPORT FROM
CENTERS FOR DISEASE CONTROL AND PREVENTION
VAERS DATABASE
Abhishek Maan MD, ScM; Daniel Musikantow MD;
Brandon S. Needelman MD; Joshua Lampert MD;
Emmanuel Ekanem MD; Jonathan Gandhi MD;
Mohit K. Turagam MD; William Whang MD;
Srinivas R. Dukkipati MD and Vivek Y. Reddy MD
Background: The COVID-19 pandemic continues to be an
ongoing health crisis affecting over 49 million patients in the US.
Currently, 3 vaccines have been authorized for use by the US
FDA for preventing COVID-19 infection. Although data are
accumulating on rare reports of myocarditis, there is little data on
atrial fibrillation (AF) after COVID-19 vaccination. In the initial
randomized clinical trial of the Moderna vaccine, the incidence of
AF was reported to be ,0.1%, and balanced between the
vaccine and placebo groups; but the cohort was relatively young
(75% were , 65 years old).
Objective: We sought to assess the associated risk of AF with
COVID-19 vaccination.
Methods: We analyzed data from Vaccine Adverse Event
Reporting System (VAERS) database, which had categorized
self-reported occurrence of AF along with major complications.
Results: Of the total 14,693 individuals who had received at least
1 dose of COVID-19 vaccine and had also reported at least 1
adverse event in VAERS, 23 (0.16%) participants had reported
the occurrence of new-onset AF. Of these 23 individuals (mean
age 5 76.6 6 15.7 years; M/F 5 14 [61%] / 9 [39%]), 10 (43.5%)
had received the Moderna vaccine (mRNA-1273) and 13 (56.5%)
had received the Pfizer-BioNTech vaccine. The timing of AF
onset after the administration of vaccine dose ranged from 3
hours to 14 days. In 15 of the 23 patients, new-onset AF was the
primary reason necessitating emergency room visit. Of these 23
individuals, one had a stroke, and another had a transient
ischemic attack.
Conclusion: The temporal association of AF with COVID-19
vaccine administration suggest that there may indeed be a
transient increase in AF post-vaccination, albeit at a seemingly
low rate. This might reflect a transiently elevated proinflammatory
state in conjunction with presence of an underlying electrical and
structural substrate. The apparent infrequent nature of
development of AF suggests that the vaccine should not be
withheld because of concern about developing AF. On the other
hand, it seems prudent to i) treat post-vaccine AF conservatively
as a potentially reversible event (unless the AF persists late [. 1
month] after vaccination), and ii) inform patients with a history of
AF that the hyper-inflammatory state associated with COVID-19
vaccination (as can occur with any vaccine) might transiently
trigger AF.

CE-541-04
CARDIAC ARRHYTHMIAS IN POST-ACUTE SEQUELAE OF
SARS-COV-2 INFECTION ASSESSED BY AMBULATORY
RHYTHM MONITORING
Christopher Hill BA; Shreya Swaminathan BS; Danny Li;
Michael J. Peluso MD; Timothy J. Henrich MD;
Jeffrey N. Martin MD, MPH; Steven G. Deeks MD;
Priscilla Y. Hsue MD and Matthew S. Durstenfeld MD

Abstracts
Background: Many COVID-19 survivors report ongoing
cardiopulmonary symptoms and organ dysfunction in a poorly
understood syndrome known as post-acute sequelae of COVID19 (PASC). Risk of arrhythmias is elevated in acute COVID-19
infection, especially in hospitalized patients with severe infection.
In the post-acute period, palpitations are commonly reported, but
little is known about the risk of arrhythmias in patients with PASC.
Objective: To characterize the burden of arrhythmias in
individuals with PASC at least 1 year after SARS-CoV-2 infection
and the correlation between symptoms and clinically significant
arrhythmias.
Methods: As part of the LIINC COVID-19 recovery cohort
(NCT04362150), we conducted ambulatory rhythm monitoring
using the Bardy Diagnostics Carnation Ambulatory Monitor
(CAM) for up to 14 days on participants at least 1 year after PCRconfirmed COVID-19 infection without prior CVD.
Cardiopulmonary symptoms were assessed through interviews
at the time of enrollment, at the time of initiation of rhythm
monitoring, and through a journal used during the rhythm
monitoring period.
Results: Among 27 participants, 13 reported cardiopulmonary
symptoms. Median age was 56 and 48% were female (Table 1);
monitoring was performed at a median of 16.5 months after
infection. Those with PASC pushed the symptom button 4.2
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more times on average (95% CI -1.4 to 10.3; p50.13). After
adjustment for age and sex, cardiopulmonary symptoms were
not associated with an increased burden of PACs (b 5 -0.04,
95%CI -0.15 to 0.07, p 5 0.47), PVCs (b 5 0.21, 95%CI -0.22 to
0.65, p 5 0.31), or supraventricular tachycardia episodes
(b 5 3.0 per week, 95%CI -3.1 to 9.2, p 5 0.31). Average HR
(b 5 -1.66, 95%CI -12.8 to 9.5, p 5 0.076) and HR variability
(b 5 2.5, 95%CI -10.3 to 15.3, p 5 0.69) were not significantly
different between those with and without symptoms. Similar
results were found after adjusting for LVEF, LV strain, and LA
volume index. Button pushes correlated with SVT in only one
participant who had PASC and none without PASC.
Conclusion: In the first study to assess cardiac arrhythmia
burden in patients with PASC through ambulatory rhythm
monitoring, we did not find significant associations between the
presence of cardiopulmonary symptoms after COVID-19 and
PAC burden, PVC burden, SVT episodes, average HR, or HR
variability.

ABSTRACT PC-577:
Complex Cases for the Ablationist
Saturday, April 30, 2022
1:00 PM - 2:00 PM

PC-577-01
FASCICULAR ECTOPY FROM THE RIGHT CORONARY
SINUS OF VALSALVA
John A. Anderson DO and Amit Noheria MBBS, SM
Background: Fascicular ectopic complexes (FEC) can cause
symptoms and pseudo atrio-ventricular block (AVB). Ablation is a
viable option but carries a risk of AVB. Successful far-field
ablation of left anterior fascicular beats from right aortic sinus of
Valsalva (RASoV) has been reported.
Objective: We present a case of FEC with earliest HPS signal
and successful ablation from the RASoV.
Methods: N/A
Results: A 60-year-old woman had palpitations and blocked P
waves. ECG revealed frequent FEC and occasional blocked
P waves (fig. 1a). We postulated this to be due to concealed
FEC (pseudo AVB). She failed flecainide and presented for
ablation. A decapolar catheter was placed across the right
His-Purkinje system (HPS). She had frequent FECs with early
activation of the HPS. We observed FECs with complete
antegrade block within the HPS but retrograde penetration
into the atrium proving this as the mechanism for pseudo AVB
(fig. 1b). Activation mapping of the right and left (retroaortic)
HPS was performed with the earliest HPS potential on the
decapolar catheter as the fiducial reference. Activation
progressed retrograde to the proximal His and antegrade to
the RBB, both being later than the distal His. Similarly, the left
bundle branch and both fascicles were late. Mapping in the
RASoV identified a His-like signal in sinus rhythm that was
the earliest site in FEC, 7 ms ahead of reference (fig 1c & d).
Focal radiofrequency ablation immediately abolished FECs.
Monitoring overnight revealed no further FECs or blocked P
waves, and patient reported relief of symptoms.
Conclusion: Mapping of FEC should include the RASoV. The
anatomic basis for such fascicular potential in the RASoV may be
the dead-end tract of the conduction axis reported by Kurosawa and
Becker.
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PC-577-02
A CASE OF CORONARY ARTERY VASOSPASM; A RARE
COMPLICATION OF VEIN OF MARSHALL ETHANOL
INFUSION FOR ATRIAL FIBRILLATION
Shingo Maeda MD, PhD; Kaoru Okishige MD, PhD;
Jackson J. Liang DO; Ruben Casado Arroyo MD;
Mihoko Kawabata MD, PhD; Hirotsugu Atarashi MD, PhD and
Kenzo Hirao MD, PhD
Background: The vein of Marshall (VOM) has been increasingly
recognized to be a potential target site during atrial fibrillation
(AF) ablation for targeting non-PV triggers.
Objective: Recent papers reports no major complications
including coronary artery abnormalities during VOM ethanol
ablation.
Methods: N/A
Results: A 75 year-old male was admitted for repeat catheter
ablation for AF. All 4 pulmonary veins were chronically
isolated, recurrent premature atrial contractions (PACs) were
seen which occasionally triggered AF during isoproterenol
infusion. Detailed activation mapping identified the site of
origin of this PAC to be from the left atrium (LA) endocardial
aspect of the VOM. Therefore, a VOM ethanol ablation was
performed to target non-PV triggers. An occlusive balloon
venography of coronary sinus showed the short length of the
VOM (11 mm, Fig. A). A total of 3.5ml of 98% ethanol was
infused in a slow fashion over 90 seconds. 30 minutes after
the ethanol infusion, the 12-lead electrocardiogram
demonstrated ST elevation in the inferior leads with unstable
hemodynamics (B). Urgent coronary angiography revealed
focal coronary vasospasm of the distal left circumflex coronary
artery (LCx, C). Using CARTO Merge software, the
endocardial LA low-voltage area which resulted from VOM
ethanol ablation overlapped with the anatomic location of the
spastic distal LCx artery (D). Intravenous infusion of a
vasodilator was administered, which resulted in resolution of
ST elevations and hemodynamic stability.
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Conclusion: Our case is the first clinical report to describe
coronary arterial vasospasm after VOM ethanol ablation during
AF ablation. Operators should be cognizant of the potential
complications, including coronary vasospasm.

PC-577-03
SUCCESSFUL MAPPING AND ABLATION OF
VENTRICULAR FIBRILLATION USING STORED
ELECTROGRAMS RECORDED FROM A SUBCUTANEOUS
IMPLANTABLE CARDIAC DEFIBRILLATOR
Uyanga Batnyam MD; Kenneth Quadros Quadros MBBS;
Esseim Sharma MD; David Chang MD and William H. Sauer MD,
FHRS, CCDS
Background: Unifocal premature ventricular contractions
(PVCs) can be a common trigger of ventricular fibrillation (VF);
However, reliable documentation for clinical PVCs triggering VF
is often unavailable. Stored intracardiac electrograms (EGMs)
from an implantable cardiac defibrillator (ICD) can provide
valuable information and have been shown to successfully guide
PMVT/VF ablation. We describe a case of successful VF ablation
using a similar, but previously unreported strategy examining
stored EGMs from a subcutaneous ICD.
Objective: To describe the utility of stored SICD EGMs to guide
ablation of VF.
Methods: n/a
Results: A 29 year old man with non-ischemic dilated
cardiomyopathy, history of sudden cardiac death with a
secondary prevention SICD presented with frequent (11)
appropriate therapies for VF while on guideline directed medical
therapy. An analysis of the subcutaneous EGM (sensing
electrode proximal ring electrode to can - Primary Vector)
demonstrated unifocal morphology PVC preceding each
episode (Figure 1, Panel A). There was no 12 lead EKG
documentation of clinical PVC available to guide ablation but
given his high VF burden we proceeded with ablation.
Dobutamine infusion during EP study induced 2 PVC
morphologies, one of which matched the clinical PVC using
simultaneous real time SICD EGM recordings (Figure 1, Panel
B-C). The PVC was pace-mapped at posteromedial papillary
muscle of the LV and RF application in this region triggered VF
and eventually elimination of the PVC at the end of case.
Although the patient had an excellent short-term result, a repeat
ablation targeting the same PVC using the same strategy was
required leading to successful control of PVCs and VF.
Conclusion: Utilization of stored EGMs from an SICD can
successfully guide VF ablation.
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Background: 21 year old healthcare worker with frequent
palpitations leading to frequent hospitalizations with elevated heart
rates up to 210 bpm noted on her watch with pre-excitation on ECG
consistent with anteroseptal accessory pathway (AS AP).
Objective: Describe a case of achieving antegrade conduction
block in the AS AP with retrograde ablation approach and achieving
retrograde conduction block with antegrade ablation approach.
Methods: N/A
Results: Electrophysiological maneuvers were performed
including parahisian pacing, apical/basal pacing confirming an
AS AP with antegrade and retrograde conduction. Orthodromic
reentrant tachycardia (ORT) was easily inducible with burst A
pacing. Due to close proximity of the earliest site to the HIS using
antegrade approach, decision was made to use the retrograde
approach which showed an early site without HIS signal in the
non coronary cusp (NCC). Ablation in the NCC resulted in
antegrade conduction block after 1.4 seconds and was no longer
seen until the end of the case (Fig A&B). Repeating the prior
maneuvers showed persistent retrograde conduction and patient
was still easily inducible for ORT. Additional ablation in the NCC
did not terminate retrograde conduction. Antegrade approach
was used for further ablation opposite the NCC at the earliest
retrograde A during ORT which resulted in termination of ORT
after 0.5 seconds (Figure D). Repeat maneuvers showed no
evidence of pathway conduction and the patient was non
inducible for ORT. No events at six month follow up.
Conclusion: AS AP with successful ablation of antegrade
conduction from a retrograde approach and successful ablation
of retrograde conduction from an antegrade approach.

ABSTRACT CA-533:
Investigations into Stereotactic Body Radiation
Therapy for Ventricular Tachycardia
Saturday, April 30, 2022
2:15 PM - 3:15 PM

CA-533-01
MULTIMODALITY PLANNING OF STEREOTACTIC
RADIO-ABLATION FOR VENTRICULAR TACHYCARDIA:
RESULTS FROM THE INTERNATIONAL MUSIC
CONSORTIUM

PC-577-04
ANTEROSEPTAL ACCESSORY PATHWAY: KILLING ONE
BIRD WITH TWO STONES
Elsheikh Abdelrahim MBBS and Waddah Maskoun MD, FHRS

Hubert Cochet MD, PhD; Usha B. Tedrow MD, MS, FHRS;
Philippe Maury MD; John Whitaker BCH, BM, PhD;
Christopher Woods MD, PhD, FHRS; estelle gandjbakhch MD,
PhD; Jonathan KHALIFA; Thomas BRUN; Philippe Maingon;
Amir Schricker MD, MS, FHRS; Mehdi Juhoor;
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Michel Boursier MD; XAVIER WAINTRAUB MD;
Jeremy Bredfeldt; Michelle Boeck MS, PhD; Raymond Mak;
William H. Sauer MD, FHRS, CCDS; Jackson J. Liang DO;
Maxime Sermesant MSci, PhD; Frederic Sacher MD, PhD;
Frank M. Bogun MD; Pierre Jais MD and Paul C. Zei MD, PhD,
FHRS
Background: Optimal stereotactic body radiation therapy
(SBRT) planning methods for VT ablation are yet to be
defined.
Objective: To evaluate a multimodal approach for SBRT
planning.
Methods: Across 7 international centers, patients with drugand catheter ablation-refractory VT underwent cardiac
CT6MRI imaging prior to SBRT. The inHEART technology
was used to create image-based 3D models of substrate,
cardiac anatomy, and organs at risk (coronaries, phrenic
nerve, gastrointestinal tract, AV node, ICD leads). In
MUSIC software (IHU Liryc-Inria), 3D models were fused
with prior EP maps, and SBRT targets were interactively
drawn in 3D by the referring EP cardiologist. Transmural
target volumes and organs at risk were fused with a 4D
planning CT and used to plan SBRT in Eclipse software
(Varian). Therapy was delivered using either Truebeam or
Edge systems (Varian).
Results: 30 patients were included (age 70610 years, 90%
men, LVEF 2669%, 67% ICM, 47% NICM or mixed, 1.761.2
prior catheter ablations). SBRT was delivered on median
planning treatment volumes of 96 [Q1-Q3: 63-149] mL, at a total
dose of 25 Gy over 1 single session. Over a median follow-up of
4 [Q1-Q3: 2-8] months, death occurred in 11 (37%) patients, due
to arrhythmia recurrence in 4 (13%). Follow-up at 6 months was
available in 14 patients. In these, the median numbers of VT
episodes and ICD shocks over the 6 months preceding SBRT
were 20 [Q1-Q3: 9-27] and 8 [Q1-Q3: 5-15], respectively. In the
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6 months following SBRT, these decreased to 0 [Q1-Q3: 0-30]
and 0 [Q1-Q3: 0-0], respectively (P,0.001 for both). 8/14 (57%)
patients were free from any VT recurrence, and 11/14 (79%)
were free from any ICD shock. In the total cohort, complications
attributed to SBRT were observed in 2/30 (7%), none of which
were fatal (heart failure and pneumonitis, both managed with
steroids).
Conclusion: In patients with severe drug- and catheter
ablation-refractory VT, SBRT planning based on 3D imagebased models fused with prior EP maps is feasible, and
associated with favorable efficacy and safety profiles.

CA-533-02
STANDARD CARDIAC RADIOABLATION DOSE (25 GRAY)
DOES NOT CAUSE MYOCYTE INJURY OR NEW FIBROSIS
Shiyang Zhang MD; Kaitlin Moore BS; Pamela Woodard;
Stacey Rentschler MD, PhD; Cliff Robinson MD and
Phillip Cuculich MD
Background: Noninvasive cardiac radioablation (CRA) is an
emerging therapy for refractory ventricular tachycardia (VT).
Focused radiation to the heart is expected to cause local
myocardial destruction with replacement fibrosis (ablation effect).
The extent this effect in humans is unknown.
Objective: To measure the CRA ablation effect with serial serum
biomarkers and late gadolinium enhanced cardiac MRI (LGECMR).
Methods: Single-center, IRB-approved case series of patients
with refractory VT (ENCORE-VT NCT02919618). Patients
without contraindication underwent LGE-CMR and blood draws
at three timepoints: before treatment, 3 days, and 3 months after
treatment. Left ventricle (LV) scar burden was assessed using
semi-automatic contouring (Medis, Netherlands), blinded to
location of radioablation. Global and segmental scar burden (%)
was compared across timepoints. Segments targeted for
radioablation (25 Gray) were compared to surrounding and offtarget segments. Blood samples were analyzed for highsensitivity troponin-I (Tn-I, marker of myocyte injury) and
galectin-3 (Gal3, marker of fibroblast activation and fibrosis).
Results: 7 patients were included for analysis: mean age 64
years, 14% female, 57% nonischemic cardiomyopathy, 86% with
history of VT storm, mean LVEF 32% (range 19-58%). Mean
number of cardiac segments targeted for radioablation was 4
(range 3-8), resulting in mean cardiac treatment volume (CTV) 29
cm3 and planning treatment volume (PTV) 114 cm3. Mean scar
burden at baseline was 49% (range 29-68%). Changes in scar
burden at 3 days and 3 months were -0.4% (IQR 5 5.5%) and
3.3% (IQR 5 3%). Segment-by-segment analysis (Figure 1)
showed no significant scar progression in segments targeted for
radioablation (mean 68% to 68% to 71%), segments surrounding
the target (43% to 44% to 47%), or off-target segments (44% to
42% to 46%). Serum Tn-I and Gal3 were not significantly
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additional CA due to VT recurrences at a mean interval of 13
6 14 months after SBRT. Three patients underwent repeated
SBRT (after 3, 29, and 38 months), which was successful in
2 of them.
Conclusion: SBRT in patients with refractory VT is feasible but
the long-term mortality after the procedure is high and reflects
mainly the severity of the underlying disease. The treatment
effect of SBRT is delayed and additional CA is often necessary for
VT suppression. At present, SBRT should be offered only as a
bailout procedure for otherwise intractable VT.

changed (Figure 2). Compared to VT burden before treatment, all
7 patients had substantial reduction 6 months after treatment (4
had . 95% burden reduction, 1 had resolution of incessant slow
VT).
Conclusion: Despite improvement in VT burden, there was no
appreciable cardiac injury or replacement fibrosis after CRA with
25 Gray. The mechanism of early VT control with cardiac
radioablation is not myocyte injury or fibrosis.

CA-533-03
STEREOTACTIC BODY RADIOTHERAPY FOR
REFRACTORY VENTRICULAR TACHYCARDIA: THE
OVERALL CZECH EXPERIENCE
Petr Peichl MD, PhD; Jana Haskova MD; Dan Wichterle MD, PhD;
Rader Neuwirth MD; Otakar Jiravsky; Jakub Cvek MD, PhD;
Lukas Knybel PhD; Marek Sramo MD, PhD and
Josef Kautzner MD, PhD
Background: Catheter ablation (CA) is a well-established
treatment strategy for the management of drug-refractory
ventricular tachycardia (VT) in patients with structural heart
disease. Stereotactic body radiotherapy (SBRT) was proposed
recently as a treatment option for cases of failed CA.
Objective: This study reports overall experience with the SBRT
from two Czech centers.
Methods: Since 2014, we enrolled consecutive patients who
underwent at least one prior CA for recurrent scar-related VT and
had subsequent VT recurrences due to inaccessible substrate.
Single-session SBRT for VT was performed without the use of
general anesthesia or sedation. A dose of 25 Gy was delivered.
Results: The study investigated 33 patients (3 women) with
a mean age of 66 6 9 years. Underlying heart disease was
ischemic (58%) and nonischemic (39%) cardiomyopathy; one
patient had large cardiac fibroma. The mean left ventricular
ejection fraction was 31 6 8%. Seventy-six percent of
patients were on amiodarone. Before SBRT, they underwent
a median of 2 (IQR: 1-3; range: 1-5) CA that included
epicardial access in 42% of patients. Following SBRT with a
planned target volume of 42.6 6 22.8 ml, the immediate
effect was not observed in any patient, VT burden gradually
decreased over weeks or months. Seventeen (52%) patients
died (2 of them suddenly) during the mean follow up of 29 6
23 months mainly due to the progression of heart failure
(Figure 1). One patient died due to bleeding associated with
esophagopericardial fistula that developed 9 months after
SBRT. Overall, the number of DC shocks after a single
procedure decreased significantly from 0.9 6 1.9 per month
in the period of 6 months before SBRT to 0.1 6 0.3 per
month in the period of 6-12 months after SBRT (P50.008,
Figure 2). However, 14 patients (42%) had to undergo

CA-533-04
SAFETY AND EFFICACY OF CARDIAC RADIOABLATION
VERSUS REPEAT CATHETER ABLATION FOR HIGH-RISK
REFRACTORY VENTRICULAR TACHYCARDIA
Cliff Robinson MD; Phillip Cuculich MD; Pamela Samson MD;
Carlos Contreras; Kaitlin Moore BS; Mitchell N. Faddis MD;
Timothy W. Smith MD, DPhil, FHRS; Marye J. Gleva MD, FHRS
and Daniel H. Cooper MD
Background: Cardiac radioablation (CRA) is an emerging
treatment for high-risk refractory ventricular tachycardia (VT). A
direct comparison of safety and efficacy of CRA versus repeat
catheter ablation (CA) has not yet been performed.
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Objective: Contrast outcomes of CRA and CA for high-risk
refractory VT at a high-volume center.
Methods: Single-center, IRB-approved case series of patients
with refractory VT who had failed at least one prior CA (or were
unfit for CA) treated with CRA and CA. Demographics, treatmentrelated (probably, definitely) serious adverse events (SAEs), and
rates of survival (OS) and freedom from shock or storm (FFSS,
with 6 week blanking period) were collected. Formal statistical
comparisons were not performed due to limited patient numbers.
Results: From 2015-2020, 22 patients were treated with CRA (18
with prior CA, 4 unfit for CA) for high-risk refractory VT. A cohort of
21 equivalent patients treated with repeat CA (21 with prior CA)
were identified from 2015-2017 (dates chosen to balance use of
contemporary CA techniques with potential selection bias of
increasing CRA use in recent years). Overall, CRA and CA
patients had similar proportions of male sex (91%), and median
NYHA class (III), LVEF (25%), and prior CA (1). In contrast, CRA
patients were numerically older (median 64.5 vs 59 years), more
likely to have a “High Risk” I-VT score (64% vs. 52%) and have
higher median PAINESD scores (median 18.5 vs. 17). Median
follow-up was 28.2 months. One-year treatment-related SAEs
were 14% vs 38% (CRA vs CA). Most CA-related SAEs occurred
within the first month, with 4/5 (80%) early CA deaths occurring
immediately after a SAE. Median OS (Figure 1) was 28.2 vs 12.2
months (CRA vs CA). One-year OS was 72.7% vs 53% (CRA vs
CA). Median FFSS (Figure 2) was 8.2 vs 9.7 months (CRA vs CA)
and 1-year FFSS was 42.4% vs 45.7% (CRA vs CA).
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Conclusion: In patients with high-risk refractory VT, CRA was
associated with numerically fewer treatment-related SAEs and
higher rates of median and 1-year OS, with equivalent rates of
clinically relevant VT control (FFSS). These results suggest the
principal benefit of CRA may be in avoidance of early SAEs
associated with CA. Long-term follow-up will be required to assess
late SAEs and efficacy. Further research is underway to develop
methods to improve longer-term VT suppression with CRA.

ABSTRACT DH-576:
Health Tech: Disease Management and Care
Delivery
Saturday, April 30, 2022
2:15 PM - 3:15 PM

DH-576-01
USE OF HEALTHCARE DATA COLLECTED BY APPLE
WATCH TO PREDICT ATRIAL FIBRILLATION ATTACKS
Takehiro Kimura MD, FHRS; Hiroshi Miyama; Kenji Hashimoto;
Yoshinori Katsumata MD, PhD and Seiji Takatsuki MD, FHRS
Background: The incorporation of digital healthcare big data
collected by wearable devices as a personal health record into
medical care is expected to lead to early detection.
Objective: We analyzed the characteristics of digital healthcare
data related to atrial fibrillation (AF) attacks.
Methods: Ninety-three patients with AF (69 males, mean age
64612 years) attending Keio University Hospital wore a 2-weekHolter ECG to detect AF attacks. We created an iPhone application
to collect health care data by wearing the Apple Watch during the
day and asleep, and by answering a questionnaire upon waking.
The period assessed as sedentary by Apple Watch was defined as
the analyzable resting state, and AF recorded by ECG for more than
30 seconds was defined as an AF attack.
Results: Resting AF attacks were recorded in 69 patients
(74.2%), with a total of 2,529 hours. The mean heart rate
recorded by the Apple Watch during AF attacks was significantly
higher than that during non-attacks by a mean of 10.264.0 bpm
(p,0.001). The number of steps walked per day measured by the
Apple Watch was significantly higher on attack days than on nonattack days (5,889 vs. 5,100 steps, p50.030). 52.3% of patients
with AF attacks had consumed alcohol the day before, and the
presence of alcohol consumption the day before significantly
increased attacks the following day (odds ratio: 1.438, 95%
confidence interval: 1.132-1.827, p50.003).
Conclusion: Our results suggested that it was possible to predict
AF attacks by integrating medical records, a large amount of
unconsciously recorded digital healthcare data, and subjective
questionnaire data.

DH-576-02
EKG AS A NON-FUNGIBLE TOKEN: IMPLICATIONS OF
BLOCKCHAIN TECHNOLOGY FOR THE
ELECTROPHYSIOLOGIST, THE PATIENT, AND HEALTH
SYSTEMS
Bishoy Hanna MD; Neal A. Chatterjee MD, MS and
Nazem Akoum MD, MS, FHRS
Background: Third-generation cryptocurrencies with smartcontract capability have allowed for the creation of non-fungible
tokens, or NFTs. While NFTs of multi-million-dollar art have been
popularized recently in the media, there are several potential usecases for NFTs that could be relevant to electrophysiology and
medicine as a whole. The security, immutability, decentralization,
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anonymity, and permanence of blockchain technology may be
ideal for the secure storage of electrophysiologic media such as
EKGs, ablation maps, or Holter data. NFTs can be used to
uniquely identify patient data while allowing for global access to
the data on the blockchain with the patient’s unique wallet
address, creating recent interest in their use for this purpose. No
real-world examples of using an NFT to store a record of a
patient’s EKG have been published. As a proof of concept, here
we create an NFT of an EKG.
Objective: To create an NFT of an EKG as a proof-of-concept on
the Solana blockchain, the blockchain of the Solana Network, a
third-generation cryptocurrency that is the third-largest in the
world by market cap (over 67 billion USD as of 11/21/2021).
Methods: The Solana Programming Language command-line
interface (SPL CLI) was used to create a non-fungible token (fig
1). A pull request was made after modifying the code of
solana.tokenlist.json on https://github.com/solana-labs/tokenlistto rename the token “EKG NFT HRS 2022” and link it to the
EKG image.
Results: The existence of “EKG NFT HRS 2022” can be verified
via a first or third-party Solana blockchain explorer by looking up
the wallet address
(93Pm9G8s3nDA4GifEjX5E7J1kk1Fhmiqoo9DxUMuNERR)
containing the NFT or the NFT token address. The entire cost of
the creation of this non-fungible token was approximately $1.20
USD and could easily be automated. While web-hosting was
required to actually house the media file, in the near-future
decentralized storage using blockchain technology can be used
to securely house the file. Changing EKGs to high-quality ASCII
representations using algorithms created for that purpose would
be an immediate way to store the data permanently on the
blockchain itself.
Conclusion: NFTs may be a way to securely and more
permanently store globally-accessible electrophysiologic media
for patients at minimal cost in the near future.
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Objective: To measure patient engagement with DNPs and
assess patient perception of the impact on their clinical care.
Methods: In this prospective study, a procedure specific DNP
was dispensed to all patients scheduled for an EP procedure.
DNPs were designed using the Rx.Health (New York, NY)
platform and consisted of preparation instructions, reminders,
hospital directions, micro-learning videos, and educational
messaging delivered via text or email. Following their procedure,
patients were asked to respond to an experience survey
evaluating the impact of DNPs on their clinical care using a fivepoint Likert scale. Engagement was defined as the proportion of
patients clicking or replying within the DNP.
Results: A DNP was prescribed to 704 patients, most commonly
for catheter ablation (41%) or a device procedure (41%, Figure).
The engagement rate was 86.9%. There was a high degree of
comfort using the DNPs; in addition, patients felt that the DNP
improved their understanding of their procedure and reduced
pre-procedural anxiety (Figure). Importantly, 80% of patients
agreed that the available information reduced their need to call
the office for further instructions.
Conclusion: For the first time, the utility of DNPs, prescribed at
time of procedure scheduling, to a cohort of over 700 patients in
an EP practice was assessed. Our data show a high degree of
engagement with DNPs and a favorable impact on care as
reported by patients.

DH-576-04
CORRELATION OF ATRIAL FIBRILLATION DETECTION
USING OURA RING WITH PHOTOPLETHYSMOGRAPHY IN
COMPARISON TO THE APPLE WATCH
ELECTROCARDIOGRAPHY ALGORITHM

DH-576-03
PATIENT ENGAGEMENT AND EXPERIENCE WITH USE OF
DIGITAL NAVIGATION PATHWAYS FOR CARDIAC
ELECTROPHYSIOLOGY PROCEDURES
Advay G. Bhatt MD, FHRS; Daniele Volpe RN-BSN;
Giuseppina Rose RN-BSN; Charu Madhwani Jain MD, MPH;
Sravya Kurra MD; Rudra Pratap Singh Rana;
Mohammadali Habibi MD; Tina C. Sichrovsky MD, FHRS;
Mark W. Preminger MD; Dan L. Musat MD and Suneet Mittal MD,
FHRS
Background: Patients referred for a cardiac electrophysiology
(EP) procedure require education about what happens before,
during, and after the procedure. Digital Navigation Pathways
(DNPs) are designed for this purpose; however, patient
acceptance and the clinical impact of DNPs are not understood.

Nabeel Syed Saghir MD; Darren Harrison MD;
Edgar Torres Fernandez MD; Kristopher M. Heinzman MD,
FHRS; Mauricio F. Hong MD, FHRS; Tuomas Kentta MSBME,
PhD; Juhani Junttila MD, PhD and Thomas K. Kurian MD, FHRS
Background: Oura Ring (OR) is a ring-based wearable device
with an infrared photoplethysmography (PPG) based atrial
fibrillation (AF) detection algorithm not yet commercially
available. PPG and electrode AF detection currently exists on
Apple Watch Series 4 (AW). OR PPG rhythm detection has not
been compared to AW.
Objective: To review the accuracy of sinus rhythm (SR) and AF
detection between OR PPG and AW ECG in patients who have
undergone cardioversion or AF ablation to SR in which both
devices were tested simultaneously.
Methods: A technology validation study with OR and AW
enrolled patients (n518; 88% male) scheduled for electrical (11/
18), chemical (6/18), or ablative (6/18) rhythm control strategies.
An OR was placed on a patient’s finger and an attempt at ideal
external lighting conditions with minimal movement for OR PPG
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was established for data collection. A 3-lead ECG was obtained
alongside OR PPG data for .10 minutes. AW ECG alongside
standard ECG data were collected for 30 seconds. All device’s
datasets were collected both before and after cardioversion or AF
ablation. ECG diagnoses were confirmed by an
Electrophysiologist. OR and AW made AF or SR predictions
using proprietary algorithms.
Results: A total of 1455 select 30-second tracings were analyzed
by OR algorithms. AF was correctly classified in 812/867 (93.6%)
tracings. SR was correctly classified in 586/588 (99.7%) tracings.
45 and 2 tracings during AF and SR, respectively, were
inconclusive on OR. Rhythms were correctly classified by OR in
18/19 (98.2%) AF and 17/17 (100%) SR patients. For this
dataset, AF or SR diagnoses were counted as likely if .90% of
OR tracings agreed on rhythm prediction. 14/19 (73.6%) and 16/
17 (94%) computer interpreted AW ECG tracings, respectively,
were correctly identified as AF and SR. 1 patient did not convert
to SR thus 19 AF. When interpreted by a physician, 100% of AW
tracings were correctly identified as AF or SR, respectively.
Specificity and positive predictive value of AF and SR for both
devices was 100% in this small data set.
Conclusion: OR PPG-based AF and SR detection algorithm is
noted to have a high sensitivity and specificity as compared to
AW ECG in a concomitant group of patients undergoing
cardioversion or AF ablation in a small cohort. Further studies are
needed to validate this technology in real-world scenarios.

ABSTRACT HP-574:
Treating AFib: Care Pathways, and the Effect of
Bleeding Events, Sex, and BMI on outcomes
Saturday, April 30, 2022
2:15 PM - 3:15 PM

HP-574-01
IMPLEMENTATION OF AN ATRIAL FIBRILLATION
TREATMENT PATHWAY IN THE EMERGENCY
DEPARTMENT ACROSS IN-NETWORK HOSPITALS
REDUCES ATRIAL FIBRILLATION HOSPITALIZATIONS
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Oludamilola Aladesanmi MD, MPH; Tiffany Armbruster BSN,
ANP; Kevin Biese; T. Jennifer Walker MSN, ANP;
Zack Deyo PharmD; Lindsey A. Rosman PhD; Jeff Laux PhD;
Brittany Becker and Anil K. Gehi MD, FHRS
Background: Hospitalization rates for atrial fibrillation (AF) have
risen over two decades. An AF treatment pathway in the
Emergency Department (ED) may reduce unnecessary
hospitalizations.
Objective: To evaluate the effects of an ED AF treatment
pathway on hospitalization rates across five of ten hospitals
within the University of North Carolina (UNC Health) hospital
network.
Methods: An AF treatment pathway using a decision aid based
on hemodynamic stability and AF symptom severity and an AF
specialty clinic follow-up within 72 hours was deployed in
sequential hospitals via provider education and EMR integration
between Oct, 2017 and Feb, 2020. A stepped-wedge design was
used to compare admission rate pre- and post-intervention,
including hospitals without the intervention in the control group.
Hierarchical logistic regression including patient and hospital covariates with the outcome of admission (vs discharged or held for
observation then discharged) was performed.
Results: During the evaluation period, 11458 patients presented
to the ED with a primary diagnosis of AF. Following the
intervention, absolute admission rate was reduced from 60.5% to
48.3% across the five hospitals. The intervention was associated
with a 17% reduction in odds of admission (0.83 [0.71,0.97];
Figure) adjusting for patient and hospital level variables. Other
factors associated with increased odds of admission included
older age, male gender, higher social deprivation index, presence
of coronary disease, heart failure, dementia, and lower blood
pressure. There was no interaction of the individual hospital with
the effect of the intervention.
Conclusion: Implementation of an AF treatment pathway in the
ED significantly reduces admission rates across multiple
hospitals.
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HP-574-02
PROPORTION OF WOMEN AND REPORTING OF
OUTCOMES BY SEX IN CONTEMPORARY CLINICAL
TRIALS OF ATRIAL FIBRILLATION
Jean Jacques Noubiap MD; Gijo Thomas PhD;
Ulrich Flore Nyaga MD; John Leonard Fitzgerald MBBS;
Celine Gallagher BSN, MS, PhD, RN; Melissa E. Middeldorp PhD
and Prashanthan Sanders MBBS, PhD, FHRS
Background: Underrepresentation of women in randomized
clinical trials (RCTs) limits the generalizability and the quality of
the evidence guiding the treatment of women.
Objective: To measure the sex disparities in participants’
recruitment and determine associated factors, and to describe
the frequency of the reporting of outcomes by sex.
Methods: MEDLINE was searched to identify RCTs of AF
published between January 1, 2011, and November 20, 2021 in
12 top tier journals. We measured the enrolment of women using
the enrollment disparity difference (EDD) which is the difference
between the proportion of women in the trial and the proportion of
women with AF in the underlying general population (obtained
from the Global Burden of Disease). Random-effects metaanalyses of the EDD were performed, and multivariable metaregression was used to explore factors associated with disparity
estimates. We also determine the proportion of trials that
included sex-stratified results.
Results: Out of 1133 records screened, 142 trials were included,
reporting on a total of 133,532 participants. The proportion of
women in trials ranged from 10.0% to 72.8% (median 30.9%,
interquartile range [IQR] 24.6%-38.1%), whereas the their
proportion in the general population ranged from 34.7% to 55.9%
(median 45.3%, IQR 40.6%-47.2%) (Figure 1). The randomeffects summary EDD was 20.125 (95% CI, 20.143 to 20.108),
indicating that women were underenrolled by 12.5 percentage
points. Subgroup analyses are presented in Figure 2. Women
enrolment was higher in trials published in 2020-2021 compared to
those published in 2011-2013 (adjusted odds ratio [aOR] 1.058,
95% CI: 1.004-1.115), higher in trials with higher sample size
(,250 vs 750., aOR 1.065, 95% CI: 1.008-1.125), higher mean
participants’age (per 1 year increase, aOR 1.006, 95% CI: 1.0021.009), and lower in trials conducted in Northern America
compared to Europe (aOR 0.945, 95% CI: 0.898-0.995). Only 36
trials (25.4%) reported outcomes by sex, and of these, 29 (80.6%)
performed statistical test of the sex-by-treatment interaction.
Conclusion: Women remain substantially less represented in
RCTs of AF, and sex-stratified reporting of primary outcome is
infrequent. These findings call for actions to improve sex equity in
enrollment and sex-stratified outcomes’ reporting in RCTs of AF.

HP-574-03
NEW-ONSET BLEEDING AND SUBSEQUENT RISK OF
CARDIOVASCULAR OUTCOMES IN ANTICOAGULATED
PATIENTS WITH ATRIAL FIBRILLATION
Pascal Meyre MD, PhD; Rebecca E. Paladini; Elisa Hennings;
Stefanie Aeschbacher; Tobias Reichlin; Nicolas Rodondi;
€ ller MD; Giorgio Moschovitis MD;
Annina Stauber; Andreas Mu
Giulio Conte MD, PhD; Angelo Auricchio MD, PhD;
Matthias Schwenkglenks; Michael Ku€ hne; Stefan Osswald MD
and David Conen MD, MPH
Background: The use of oral anticoagulation for stroke
prevention in patients with atrial fibrillation (AF) increases their
risk of bleeding. The prognosis of AF patients who experience a
bleeding event is not well studied.
Objective: To assess the subsequent risk of cardiovascular
outcomes and death in AF patients who experience bleedings.
Methods: AF patients taking oral anticoagulation were
prospectively followed in a large multicenter cohort study.
Information on bleedings was systematically collected during
yearly follow-up visits; bleedings were adjudicated as major or
clinically relevant non-major bleeding (CRNMB). Adverse
outcomes were a composite of stroke, myocardial infarction and
all-cause death, its individual components, and cardiovascular
death. Bleeding was used as a time-updated covariate in
multivariable Cox models to estimate the risk of cardiovascular
outcomes in patients after a bleeding event compared to those
without a bleeding.
Results: Of the 3,279 patients included (mean6SD age 7269
years, 28.5% women), 297 patients (9.1%) developed a major
bleed and 418 (12.7%) experienced a CRNMB during a median
follow-up of 4.1 years. The incidence of the composite outcome
was 26.71 and 4.07 per 100 person-years in patients with and
without a major bleeding, respectively, while the incidence of
stroke was 4.10 versus 0.82. The adjusted hazard ratios (aHRs)
were 5.16 (95% confidence interval [CI], 4.24-6.26) for the
composite outcome; 4.49 (95% CI, 2.80-7.18) for stroke; 2.57
(95% CI, 1.39-4.74) for myocardial infarction, and 6.42 (95% CI,
4.91-8.39) for cardiovascular death. In patients with and without
CRNMB, the incidence of the composite outcome was 10.24 and
4.55, respectively and for stroke it was 1.41 and 0.92. The aHRs
were 2.01 (95% CI, 1.63-2.47) for the composite outcome; 1.39
(95% CI, 0.82-2.36) for stroke; 1.67 (95% CI, 0.96-2.81) for
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myocardial infarction, and 2.01 (95% CI, 1.50-2.71) for
cardiovascular death. Discontinuation of oral anticoagulation
after the bleeding event was observed in 22.6% of patients who
had a major bleeding and in 11.2% who experienced a CRNMB.
Conclusion: Patients with AF who experience a major bleed
during follow-up have a greatly increased risk of cardiovascular
outcomes after the event. This excess risk was much lower in
patients who had a CRNMB.
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management in early life. The association between IS and
obesity was not significant in the elderly, implicating that several
other factors contribute to IS in this age group.

HP-574-04
ASSOCIATIONS BETWEEN OBESITY PARAMETERS AND
THE RISK OF INCIDENT ATRIAL FIBRILLATION AND
ISCHEMIC STROKE IN DIFFERENT AGE GROUPS: A
NATIONWIDE POPULATION-BASED STUDY
Hyo-Jeong Ahn; So-Ryoung Lee MD; Eue-Keun Choi MD, PhD;
Soonil Kwon MD; Sun-hwa Kim MD; Seil Oh MD, PhD, FHRS and
Gregory Lip MD
Background: Atrial fibrillation (AF) and ischemic stroke (IS) are
two representative cardiovascular diseases. They share
common metabolic risk factors such as obesity and ageing is an
important predisposing factor. Limited data comprehensively
evaluated the relationship between obesity measurements body mass index (BMI) and waist circumference (WC) - and
incident AF and IS in the different age groups.
Objective: We investigated the risk of AF and IS according to
body mass index (BMI) and waist circumference (WC) stratified
by age.
Methods: We included 9,432,332 adults who underwent a health
examination in 2009 from the Korean National Health Insurance
Service database. The age of individuals was categorised into six
subgroups by an increase in every decade from the twenties. In
each age group, BMI (kg/m2) was categorised into five groups:
underweight (,18.5), normal (18.5-22.9), overweight (23-24.9),
obese class I (25-29.9), and obese class II (30). WC was
categorised into six groups with distinctive points of 80, 85, 90,
95, and 100 cm for men and 75, 80, 85, 90, and 95 cm for women.
Primary outcomes were incident AF and IS.
Results: Across age, BMI-AF presented a J-shaped association.
The hazard ratio (HR) of obese class II was the highest in
subjects aged 30-39 years (HR 1.80, 95% confidence interval
(CI) 1.63 to 1.98, p,0.001). The increased risk of AF in the
underweight group was only statistically significant in adults over
60 years of age. The risk of IS increased in those with a BMI over
the normal range in early and midlife, but was not significant in
adults aged .60 years. The highest HR of obese class II was
observed in subjects aged 20-29 years (HR 3.00, 95% CI 2.34 to
3.84, p,0.001). Positive linear correlations of WC-AF and WC-IS
were observed, but the WC-IS association was weak in the
population aged 40 years.
Conclusion: There was a J-shaped association between BMIAF and BMI-IS, and a positive linear correlations between WC-AF
and WC-IS. The higher risks of AF and IS according to an
increment of BMI and WC were most apparent among the young
ages; hence, more attention should be directed to weight

ABSTRACT AP-518:
Optimizing care of the SICD patient: Special
programming and management strategies
Saturday, April 30, 2022
3:30 PM - 4:30 PM

AP-518-01
SUBCUTANEOUS IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR SMART DEACTIVATION INCREASES
INAPPROPRIATE SHOCKS, A REAL-WORLD SINGLE
CENTRE EXPERIENCE
Christopher A. Monkhouse BS, CCDS; Amy Louise Wharmby;
Amal G. Muthumala BCH, BChir, MB, CCDS; Philip Moore MD,
PhD; Syed Ahsan; Michele Orini PhD and Pier D. Lambiase BCH,
BM, MBChB, PhD, FHRS
Background: The SICD has been increasingly used with its
addition to the HRS guidelines in 2017. A question mark remains
around the burden of inappropriate therapy (IT), which, in
PRETORIAN had an IT in 9.6% of patients over 4 years.
Importantly, this trial was conducted using devices without the
SMART pass (SP) algorithm installed. SP (Boston Scientific
Corporation, Natick, MA) is a bandpass filter has been shown to
reduce inappropriate therapy. However, a key area underinvestigated is the algorithms’ ability to deactivate itself in
community.
Objective: We aimed to assess: the effect of SP, with clinical
variables, on inappropriate therapies and oversensing; why the
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device deactivates SP and how best to manage this scenario, in a
large, single centre.
Methods: A retrospective audit of all Emblem S-ICD devices
(A209 & A219) implanted from 2016 to 2020 using data from
electronic pacing & health records and latitude remote monitoring
system. The baseline clinical characteristics and SICD
programming were recorded at implant and throughout follow up.
Results: A total of 322 patients were reviewed with a follow up of
27 months 6 16.6 months. 234were primary prevention (73%)
and remaining 88 patients (27%) were secondary prevention.
Thirty-eight (11.8%) of patients received total of 83 shocks.
Twenty-four (7.5%) patients receiving IT, totalling 44 shocks. One
IT was due to aberrant AF, the remaining 43 were due to
oversensing. SP was a significant predictor of all therapy
(p.00049) and IT (p.009). Table 1 shows rate of SP deactivation
and IT rate. SP deactivation has an odds ratio of 6.45 (95% CI:
2.62 to 15.94) of IT. SP deactivation was due to low R waves in 19
patients, significant asystole in 1 patient and not available in 1
patient at the time of therapy.
Conclusion: SP deactivation is a significant predictor and
marker of IT. If the SP filter is deactivated this is likely to suggest
low amplitude sensing signals. To reduce the risk of IT the cause
of the SP deactivation should be investigated and sensing vector
changes should be strongly considered. If the SP algorithm
continues to de-activate, lead reposition should be considered,
similarly to a transvenous RV ICD lead would for poor sensing.
An alert for SP deactivation, R wave size and raw S-EGMs would
provide clinicians with appropriate decision making to prevent IT.

AP-518-02
ATRIAL PACING INDUCED OVERSENSING IN
SUBCUTANEOUS IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR
Amy Louise Wharmby BSc; James Elliott;
Christopher A. Monkhouse BS, CCDS; Charles Butcher MBBS,
PhD and Pier D. Lambiase BCH, BM, MBChB, PhD, FHRS
Background: A 23 year old male with hypertrophic
cardiomyopathy, was implanted with a Subcutaneous
Implantable Cardioverter Defibrillator (S-ICD) (Cameron Health
SQ-RX 1010). Four years later the patient developed
symptomatic bifascicular block and a dual chamber pacemaker
(PPM) (Biotronik Epyra-6) was implanted.
Objective: To highlight the potential challenge of interactions
between an S-ICD and atrial pacing.
Methods: N/A
Results: The PPM was programmed DDD with a lower rate of 60
bpm and an upper rate of 150 bpm. The S-ICD conditional and
shock zones were set to 250 bpm, in the Secondary vector.
Primary and Alternate vectors were not viable options due to
oversensing of the patient’s intrinsic rhythm and smart pass
filtering unavailable on this device model.
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Two months post PPM insertion, an untreated episode was
detected by the S-ICD displaying intermittent triple counting of the
P, R and T-wave (figure 1). Consequently simultaneous
interrogation of the PPM and S-ICD was performed. Upon
conducting the atrial threshold test in AAI mode, the S-ICD Pwave oversensing was replicated (figure 2).
The paced P-wave amplitude was similar to that of the intrinsic
R-wave (figure 1 circled in red) resulting in sensing of both
components. S-ICD sensing utilises auto gain control whereby the
average amplitude of the last two sensed signals is taken and the
decay to sensing floor begins at 75% of this calculated amplitude.
As the interval between sensed beats decreases, the shorter the
refractory period and more aggressive the decay to ensure
appropriate sensing of small amplitude signals, typically seen
during ventricular fibrillation. A fortuitous ventricular ectopic
(figure 1 highlighted in green) resets the sensing profile as the
amplitude is significantly greater and momentarily avoids further
oversensing and inappropriate therapy.
Following this episode, the PPM was reprogrammed with a
reduced lower rate limit of 40 bpm and atrial auto-capture turned
off allowing intrinsic P-wave sensing. No further untreated
episodes due to oversensing were seen for the remainder of the SICD battery longevity of approximately 2 years.
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Conclusion: It is important to screen all possible paced
morphologies from both the atrial and ventricular chambers to
prevent S-ICD oversensing when concurrent devices are in situ.

DFT testing and impedances. This approach has shown
favorable effects on patient experience while maintaining patient
safety.

AP-518-03

AP-518-04

NO PAIN, ALL GAIN: S-ICD INSERTION WITH REGIONAL
ANESTHESIA BLOCK SHOWS PERI-PROCEDURAL
BENEFITS

INCIDENCE OF INAPPROPRIATE SHOCK IN PATIENTS
WITH SUBCUTANEOUS IMPLANTABLE CARDIOVERTERDEFIBRILLATORS WITH CONCOMITANT CARDIAC
IMPLANTABLE ELECTRONIC DEVICES: A SINGLECENTER COHORT STUDY

Lauren Ashley Rousseau PAC, CCDS; Tiffany Andrade MS;
Nicole Bourque BS, MS, PAC; Megan E. Brady PAC;
Patrice Hoskins PA; Laura Ann Sifrig PAC; Laurel M. Taylor PA,
PAC; Morgan Turner PAC and Sunil Kapur MD
Background: The subcutaneous implantable cardioverter
defibrillator (S-ICD) was FDA approved in 2009 as the first
extravascular device. Because the implant procedure includes
creating a pocket along the latissimus dorsi muscle, tunneling of
the defibrillator lead and DFT testing, intra and post operative
pain control is an important consideration.
Objective: To assess the anesthetic requirement, post-operative
opiate use, hospital length of stay (LOS) and effect on DFT
testing with S-ICD implantation done with a serratus anterior and
subpectoral parasternal regional pain block (RPB) and systemic
anesthesia versus those done with systemic anesthesia alone.
Methods: We performed a serratus anterior and subpectoral
parasternal RPB on 20 patients (pts) presenting for a S-ICD
implantation or generator change over the last 17 months. We
monitored the pts post-operative opiate requirement, hospital
LOS and shock impedance/defibrillation threshold test success.
Results: Between June 2020 and Nov 2021, a total of 52 pts
underwent S-ICD implant or generator change. Of these pts, 20
underwent a RPB in conjunction with the procedure. The patients
who underwent RPB were more likely to be done under
monitored anesthesia than pts in the nonRPB arm (75% s vs
13%). In addition, less post operative opiate use was seen in the
RPB group, 40% requiring PO opiates vs 53% in the non-RPB
group and 20% requiring IV opiates vs 38%, respectively. The
total procedural time for both groups were similar at 2:33 (+/-3) in
the RPB group and 2:25 (+/-3) in the non-RPB group. The same
day discharge (SDD) success was higher in the RPB group with
40% success vs 13% in the nonRPB group. DFT testing in the
RPB arm was performed on 15 pts and successful in 93%. One
patient failed DFT testing which led to subsequent placement of
the ICD generator more posterior. The hospital LOS on noninpatients was similar in the RPB group and nonRPB group 0.63
days (+/- 0.59) vs 0.82 days (+/-0.86).
Conclusion: Regional pain blocks used concomitantly with SICD implantation or generator change showed less anesthetic
requirement, decreased pain and opiate requirement in the
postoperative period, improved SDD success and unchanged

Makiko Okazaki; Takahiko Nagase MD; Kanki Inoue MD;
Harumi Yamada and Kei Mabuchi MD
Background: The subcutaneous implantable cardioverterdefibrillator (S-ICD) system does not require the placement of
intracardiac instrumentation. Therefore, S-ICDs avoid adverse
events related to the implantation of a transvenous implantable
cardioverter-defibrillator system. However, as S-ICDs do not
have a pacing function, an additional implanted device is required
for patients who are clinically indicated for a S-ICD and require
pacing therapy. It is unclear whether the incidence of
inappropriate shock is increased in patients with S-ICDs with
concomitant cardiac implantable electronic devices (CIEDs).
Objective: This study aimed to compare the incidence of
inappropriate shock in patients with S-ICDs with and without
concomitant CIEDs.
Methods: The study cohort comprised 127 patients who
underwent S-ICD implantation at our institution between
February 2016 and October 2020. Patients were classified as the
combined group who simultaneously received S-ICDs and other
CIEDs, and the non-combined group who received only S-ICDs.
Some patients changed groups during the study because they
received CIEDs after S-ICD implantation. To account for these
group changes, we used a time-varying Kaplan-Meier curve and
Cox proportional hazards model to compare the incidence of
inappropriate shock between the two groups.
Results: There were 21 patients in the combined group and 106
patients in the non-combined group at the time of S-ICD
implantation. Five patients received other CIEDs after S-ICD
implantation. The median follow-up period was 935 days in the
combined group and 798 days in the non-combined group. The
number of events was three in the combined group and 12 in the
non-combined group. The incidence of inappropriate shock did
not differ between the two groups (hazard ratio 1.17, 95%
confidence interval 0.31-4.32, P 5 0.81).
Conclusion: The incidence of inappropriate shock was slightly
increased in patients with S-ICDs and other CIEDs versus those
with S-ICDs alone, but this intergroup difference was not significant.
This study represents our single-center experience in a small
cohort. Multicenter studies with large sample sizes are needed to
assess the impact of other CIEDs in combination with S-ICDs.

ABSTRACT CA-534:
Effects of Pulse Field Ablation on Ventricular
Myocardium and Coronary Arteries
Saturday, April 30, 2022
3:30 PM - 4:30 PM

CA-534-01
PULSED FIELD ABLATION COMPARED TO
RADIOFREQUENCY ABLATION OF LEFT VENTRICULAR
MYOCARDIUM IN A SWINE INFARCT MODEL
Sung Il Im MD; Satoshi Higuchi MD and
Edward P. Gerstenfeld MD, FHRS

Abstracts
Background: There is limited data on use of pulsed field ablation
(PFA) in the left ventricle (LV), particularly in the presence of
myocardial scar
Objective: To evaluate the lesion characteristics of PFA and
radiofrequency energy (RFA) in healthy and infarcted LV
myocardium
Methods: 10 swine were included: 8 underwent 120min LAD
balloon occlusion myocardial infarction and were survived for 6-8
weeks; 2 were healthy controls. PFA and standard RFA was
delivered to the LV endocardium in healthy myocardium or scar
identified with electroanatomic mapping. Bipolar, biphasic PFA
was delivered at 1800 to 2000V for 2.5secs x 4 applications/site
using 2 different catheters: linear quadripolar (LINEAR) or multispline 8-pole catheter (BASKET). Irrigated RF energy was
delivered from 35W-50W to achieve .10 ohm impedance drop.
Detailed histologic measurements of ablation depth were
performed.
Results: In the PFA group, 21 lesions were delivered to healthy
LV and 20 to scar, all without complications. There was no
significant difference in histologic lesion depth in healthy
myocardium or scar between LINEAR vs. BASKET PFA
catheters (Figure A). In the RF group, 19 lesions were delivered to
healthy LV and 8 to scar. Maximal lesion depth for PFA and RFA
were similar in healthy tissue, however lesion depth was greater
for PFA than RFA in scar (Figure B, 6.161.7 vs 3.861.7 mm;
P50.005). There was no vascular injury observed with PFA,
however RFA led to adventitial edema and thrombosis.
Conclusion: PFA allows rapid, safe and effective ablation of
surviving islands of myocardium within infarcted LV substrate.
Lesion depth in myocardial scar is greater for PFA than RFA. This
technology holds promise for treating infarct-related ventricular
tachycardia in humans.
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Aachen, Germany). Lesions were assessed by pre- versus postEGM analysis, pacing threshold, 3D voltage mapping (EnSite,
Abbott, Chicago, IL), necropsy, and histology. The swine rete
mirabile and the kidneys were examined to investigate for
embolic events related to PFA.
Results: All applications were single-shot (56 6 18 s) without
repositioning the catheter. Minimal microbubbling was observed
with no skeletal muscle stimulation - acceleration ,0.5 m/s2
(noise level). No tachyarrhythmias were induced during PFA.
There was marked reduction in post- versus pre-PFA EGMs
(0.5 6 0.2 mV versus 2.0 6 0.9 mV, P,0.001) and increase in
pacing threshold (.20 mA versus 7.5 6 2.9 mA, P,0.001). All
lesions were large and durable up to 28 days of follow-up. The
lesions measured: 32.1 6 4.7 mm (length), 26.6 6 7.8 mm
(width), 8.4 6 3.1 mm (depth), 62.9 6 2.1 mm (circumference)
and 10.5 6 3.7 cm3 (volume). Despite the higher waveform
voltage and prolonged applications used, no significant thermal
effects were detected at necropsy or histology. Moreover, gross
and microscopic examinations of the rete mirabile and the
kidneys revealed no evidence of thromboembolism in any of the
animals.
Conclusion: A novel PFA catheter system can create large and
durable ventricular lesions using single-shot, 56-sec applications
in vivo. Despite the presence of minimal microbubbles,
examination of the rete mirabile and the kidneys revealed no
thromboembolic events in any of the animals.

CA-534-03
INVESTIGATING PULSED FIELD (PFA) VS
RADIOFREQUENCY ABLATION (RFA) LESION
CHARACTERISTICS IN AN IN VIVO HEALTHY PORCINE
LEFT VENTRICLE (LV) USING 3D LGE AND NATIVE T1W
MAGNETIC RESONANCE IMAGING (MRI)
Terenz Escartin; Maria Terricabras MD; Philippa R.P. Krahn PhD;
Jennifer Barry; Melissa Larsen; Nicolas Coulombe MS;
Lars M. Mattison PhD; Bor Kos; Matej Kranjc; Jernej Stublar;
Daniel Sigg MD, PhD; Mark T. Stewart BSME;
Damijan Miklavcic PhD; Atul Verma MD, FHRS and
Graham Wright MASC, PhD

CA-534-02
A NOVEL SINGLE-SHOT PULSED FIELD ABLATION
SYSTEM IS ASSOCIATED WITH LARGE AND DURABLE
VENTRICULAR LESIONS IN VIVO: A PRECLINICAL
ASSESSMENT OF SAFETY AND EFFICACY
Arash Aryana MD, PhD, FHRS; Dorin Panescu
BSEE, MSEE, PhD; Cary Hata BS; Alan De La Rama BS;
Ken Nguyen BS and Andre d`Avila MD, PhD
Background: Pulsed field ablation (PFA) is a non-thermal
ablative strategy that achieves cell death via electroporation.
Objective: We investigated the preclinical safety and efficacy of
PFA using 3 novel PFA/mapping catheters (CRC EP Inc, San
Jose, CA).
Methods: In total, 14 pulsed field applications were delivered in 5
swine under general anesthesia without paralytic agents,
including: 7 lesions in the RV and 7 in the LV. The PFA catheter
designs consisted of an 8-Fr, 16-electrode, bidirectional, 25-, 30or 35-mm spiral. The 2 larger catheters had 2 distal mapping
electrode pairs. The catheters were inserted through 8.5-Fr
steerable introducers. Bipolar PFA (2.5-4.0 kV) was performed
using single-shot, QRS-gated applications under intracardiac
echocardiographic guidance. The intensity of skeletal muscle
activation was quantified using an accelerometer (Phyphox,

Background: PFA is an emerging largely non-thermal method of
ablation. Recently, it was shown in an in vivo porcine model that
increasing the number of trains resulted in larger PFA lesions1.
However, it remains unclear how PFA lesions mature over time.
Objective: Use native T1-weighted (T1w) and 3D late
gadolinium enhancement (LGE) MRI to investigate temporal
changes in PFA lesion characteristics in an in vivo healthy
porcine LV in comparison to RFA lesions.
Methods: PFA was performed in 8 swine via an 8F, 5mm tip focal
catheter setup and R-wave gated biphasic pulse trains of 1500 V
(1, 4, 8, and 16 trains). N56 lesions for each biphasic pulsed train
number were analyzed. Native T1w and 3D LGE (Gadovist, 0.2
mmol/kg) were acquired at 24 hours (acute), 1 week (subacute)
and 6-7 weeks (chronic ) post-ablation. RFA was performed in 2
swine using a 3.5 mm tip catheter (SF Thermocool) with MRI
acquired at similar timepoints. PFA lesion depths were measured
as the max straight-line distance starting from the endocardium
using short-axis 3D LGE images.
Results: Native T1w showed no hyperintensity at the PFA lesion
locations suggesting the absence of lethal thermal effects, which
are easily observed with RFA2,3 (Fig. 1). LGE indicated
microvascular obstruction (MVO) in 2/24 PFA lesions at 24hrs
only at the highest dosing , while MVO is common in RFA. LGE
also indicated regions of increased gadolinium distribution with
PFA at 24 hrs that diminished at 1-week. More generally, PFA
lesion depth increased with number of trains and decreased as
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the lesions matured over time (Fig. 2). No significant difference in
mean PFA lesion depth between 1 week and 6 weeks suggests
lesion stabilization.
Conclusion: MRI demonstrates significantly different tissue
responses to PFA when compared to RFA, with implications for
PFA protocol and associated MRI monitoring optimization.
References:1. Yavin, Hagai D., et al. "Pulsed-Field Ablation in
Ventricular Myocardium Using a Focal Catheter: The Impact of
Application Repetition on Lesion Dimensions." Circ Arrhythm
Electrophysiol (2021).2. Guttman, M. A. et al. Non-ContrastEnhanced T1-Weighted MRI of Myocardial Radiofrequency
Ablation Lesions. Magn. Reson. Med. (2018).3. Farahani, K. et al.
MRI of thermally denatured blood: Methemoglobin formation and
relaxation effects. Magn. Reson. Imaging (1999 ).
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Methods: During a series of endocardial and epicardial dosefinding evaluations, 2 kV bipolar/biphasic PFA pulses were
delivered using an 8 Fr focal catheter (Farapoint, Boston
Scientific). To evaluate vasospasm, we performed coronary
angiography (CAG) after purposefully delivering PF in close
proximity to epicardial coronary arteries. After sub-xyphoid
pericardial access, the catheter was positioned immediately
adjacent to the left anterior descending artery (LAD) in one swine.
In two other swine, the catheter was positioned endocardially,
immediately above the right coronary artery (RCA) at the
proximal cavotricuspid isthmus in one swine and in the
pulmonary artery trunk near the LAD in the other swine.
Results: In the swine with epicardial PFA, immediately after the
ablation pulses, ST-elevation in the precordial leads was
observed. Repeat CAG revealed spasm along the length of the
catheter-tip. The spasm gradually recovered over 50 minutes and
the animal was successfully survived. In the other 2 swine with
endocardial PFA, no ST-changes were observed for either
applications. However, CAG demonstrated coronary spasm of
the RCA, but not in the LAD. Resolution of RCA spasm was not
documented by repeat CAG. These swine was also successfully
survived.
Conclusion: Coronary spasm can occur when PFA is performed
in close proximity to large epicardial vessels in swine. Further
detailed assessments in different animal models are needed to
understand its incidence, dependence on proximity and location
as well as therapeutic approaches.

CA-534-04
UNDERSTANDING THE RISK OF CORONARY ARTERY
SPASM DURING PULSED FIELD ABLATION
Jacob S. Koruth MBBS, MD; Iwanari Kawamura MD;
Eric D. Buck MS; Richard Brose; Srinivas R. Dukkipati MD, FHRS;
William Whang MD, FHRS; Mohit K. Turagam MD;
Daniel Musikantow; Marc A. Miller MD and Vivek Y. Reddy MD
Background: Pulsed Field Ablation (PFA) has gained
prominence by virtue of its proclivity to preferentially ablate
myocardial tissue. Based on its safety, efficacy and efficiency,
after regulatory approval of one multielectrode PFA catheter,
there has been rapid uptake into clinical practice in various
European centers. In addition, multiple other PFA catheters are
under investigation. While the overall safety profile of PFA is quite
favorable compared to conventional thermal ablation, it is
possible that PFA may yet result in unusual complications.
Indeed, a recent case of coronary spasm during off-label ablation
along the mitral isthmus was recently reported.
Objective: To study the potential for coronary spasm during focal
endo- or epi-cardial PFA in swine ventricles

ABSTRACT BS-526:
Extrinsic factors and mechanisms contributing to
cardiac arrhythmias
Sunday, May 1, 2022
8:00 AM - 9:00 AM

BS-526-01
THE EFFECT OF CHRONIC NICOTINE EXPOSURE ON
CARDIAC ELECTROPHYSIOLOGY IN THE RABBIT HEART

Abstracts
Amanda Marie Guevara MS; Jessica Caldwell PhD;
Srinivas Tapa PhD; Lena Ngo BS; I-Ju (Eric) Lee MS;
Zhen Wang MS, PhD; Lianguo Wang MD and
Crystal M. Ripplinger PhD, FHRS
Background: Tobacco smoke exposure is associated with
increased risk for atrial and ventricular arrhythmias. However,
the individual components of tobacco smoke that may promote
arrhythmias and the underlying electrophysiological
mechanisms are unknown. Nicotine (NIC) is a major component
of tobacco smoke and emerging tobacco products, including ecigarettes.
Objective: To determine the effects of chronic NIC exposure on
autonomic and electrophysiological remodeling in the rabbit
heart.
Methods: Male and female rabbits were exposed to NIC (21mg/
day, transdermal patch, 28 days, n57) or control (CT, n54). Fully
innervated hearts were optically mapped using voltage- (RH237)
and calcium-sensitive (Rhod2-AM) indicators. Sympathetic
nerve stimulation (SNS) was performed with electrical stimulation
at the first thoracic vertebrae (7 V) and frequency was increased
by 0.5 Hz until a 15% increase in heart rate (HR) was achieved. Badrenergic (B-AR) responsiveness was evaluated with
norepinephrine (500nM, NE). Sympathetic nerve density was
assessed by immunostaining for tyrosine hydroxylase (TH).
Results: TH+ fiber density was reduced in NIC vs. CT
(7.5660.91% vs. 10.1862.45%, p,0.05). SNS stimulation
thresholds tended to be higher in NIC vs. CT (6.2565.54 Hz vs.
1.1660.56 Hz, p5NS). Ca2+ alternans tended to occur at slower
pacing cycle lengths in NIC vs. CT both at baseline and during
SNS (232.0616.43 ms vs. 202.5633.04 ms with SNS, p50.1).
APD alternans thresholds also occurred at slower pacing cycle
lengths for NIC vs. CT, especially with SNS (224.0625.10 ms vs.
190.0620.0 ms, p50.06). NIC-exposed hearts also tended to
have reduced B-AR responsiveness compared to CT
(33.4636.7% vs. 83.2651.2% increase in HR with NE, p50.12).
Conclusion: These results suggest that chronic NIC
exposure may lead to a reduction in sympathetic nerve
density and activity, reduced B-AR sensitivity, and potentially
increased susceptibility to cardiac alternans. Findings from
this study may have significant implications for young adults
who represent the fastest growing group of nicotine users
and the cardiac effects of nicotine on this potentially
vulnerable population is unknown.

BS-526-02
ROLE OF THE SUCCINATE PATHWAY IN THE
ELECTROPHYSIOLOGICAL PROPERTIES OF RIGHT ATRIA
IN A PERSISTENT ATRIAL FIBRILLATION SHEEP MODEL
Bastien Guillot; Girish Singh Ramlugun PhD; Guido Caluori PhD;
 stor Pallares Lupon MSci; Richard D. Walton PhD;
Ne
Pierre Jais MD; Philippe Pasdois PhD and Olivier Bernus PhD
Background: The progression from paroxysmal to persistent
atrial fibrillation (AF) is still a poorly understood process.
Succinate levels are increased in AF patients indicating a
potential role for metabolic remodeling in this transition process.
Objective: To assess the impact of the succinate pathway on the
electrophysiological properties of right atria (RA) in a persistent
AF sheep model.
Methods: Optical mapping was performed on ex vivo RA from a
burst pacing AF sheep model, including 8 sham, 7 persistent AF,
and 3 resistant animals. RA were perfused by Tyrode solution
with glucose (5.6mM), subsequently replaced by succinate
(10mM), known to increase mitochondrial Reactive Oxygen
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Species (ROS). An activator of the succinate b-adrenergic
receptor (GPR91), cis-epoxysuccinic acid (300mM), was also
used to study the GPR91 involvement in atrial electrophysiology
and AF (N56). Action potential duration at 80% of repolarization
(APD80) were assessed from 2 to 5Hz pacing frequency and
during sinus rhythm (SR). We used an S1S2 pacing protocol to
determine effective refractory period (ERP) and a burst pacing
protocol (30Hz) to assess ex vivo AF vulnerability. Finally, an
organ donation program allowed us to investigate these
properties in a human RA from an AF patient.
Results: During succinate perfusion SR is decreased in Sham
(1,5 vs 1,2 Hz ; p50,03), AF (1,5 vs 1 Hz ; p50,003) and resistant
(1,3 vs 1 Hz ; p50,01) sheep, ERP is increased in AF sheep (184
vs 344 ms ; p50,0007) and APD80 is increased in Sham (217 vs
264 ms ; p50,0004) and AF sheep (195 vs 275 ms ; p50,003).
We also observed an increase in amplitude alternans and
decrease in frequencies at which alternans was observed. These
results appear to be confirmed in a human AF RA where
succinate increased APD80 (257 vs 309 ms), ERP (260 vs 330
ms) and the occurrence of spontaneous arrhythmias. Finally, in
sheep, GPR91 activation led to a slowing of SR (1,7 vs 1,3 Hz ;
p50,03), a shortening of APD80 (200 vs 170 ms ; p50,007) and
an increase in spontaneous arrhythmias.
Conclusion: Succinate induces significant electrophysiological
modifications, especially in persistent AF, and increases
vulnerability to AF. We have shown that the GPR91 pathway is
involved in atrial electrophysiology and succinate-induced
arrhythmogenesis, most likely in combination with increased
ROS production.

BS-526-03
RENAL SYMPATHETIC DENERVATION PREVENTS LIFETHREATENING ARRHYTHMIAS THROUGH AUTONOMIC
REVERSE REMODELING IN CHRONIC SLEEP
DISORDERED BREATHING
Li-Wei Lo MD, PhD; Yu-Hui Chou MS; Shin-Huei Liu MD; WenHan Cheng MD; Wei-Lun Lin PhD and Shih-Ann Chen MD
Background: Obstructive sleep apnea (OSA) has been
associated with increased cardiovascular morbidity and mortality,
including sudden cardiac death. Sympathetic overactivity has
been reported in OSA.
Objective: The study aimed to investigate the effect of renal
artery denervation (RDN) on OSA rabbits in preventing
ventricular arrhythmias.
Methods: Eighteen rabbits, randomized to sham control
(Gr1), OSA (Gr2) and OSA receiving RDN (Gr 3). All rabbits
were injected at the tongue base under endoscopic guidance
with normal saline (Gr 1) or liquid silicone (Gr 2 & 3) 1 month
prior to the experiment (Fig A & B). Combined surgical and
chemical RDNs were approached through bilateral
retroperitoneal flank incisions in Gr 3 two months prior to the
experiment. Electrophysiologic properties were evaluated
during sleeping. Immunoblots of ionic channel protein and
immunohistochemistry (IHC) were evaluated after
experiment.
Results: During sleep, the arterial PCO2 was higher in Gr 2
(69.363.4 mmHg), when compared to Gr 1 (50.568.0 mmHg,
p50.006) and 3 (47.662.9 mmHg, p50.004) respectively.
There were no differences of ventricular effective refractory
periods of both RV and LV among 3 groups (Table). The VF
inducibility was elevated in Gr 2 (21.363.5%), when compared
to Gr 1 (8.360.3%, p50.03) and 3 (8.060.4%, p50.02),
respectively. There was a decrease of renal noradrenaline in Gr
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3 (0.6760.26 ng/dl) than that in Gr 1 (2.1560.17 ng/dl,
p,0.001)and 2 (2.2660.04 ng/dl, p,0.001), respectively.
There were no protein expression differences of the calcium
handling proteins (CaV1.2, NCX, RyR and SERCA2), Kv7.1,
Kir2.1 and Nav1.5 among groups, respectively (Fig C). There
was a significant elevations of tyrosine hydroxylase nerve
innervation, but not choline acetyltransferase, in Gr 2,
compared to Gr 1 and 3 (Fig. D).
Conclusion: RDN is capable of suppressing ventricular
arrhythmias induced by OSA through autonomic reverse
remodeling with decreasing sympathetic overactivity and
catecholamine spillover, protecting from the risks of lifethreatening arrhythmia and sudden cardiac death.
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43%, respectively. Basal level of NAD(P)H at 0.5 Hz stimulation
frequency was comparable in CTL and AF (73.0862.62%, n514/
7 vs. 81.0565.39%, n54/3 respectively), suggesting a similar
redox index. In all CTL cells, upon increasing stimulation
frequency to 3 Hz and subsequent b-adrenergic stimulation, the
NAD(P)H level initially decreased but recovered to a level
comparable to basal state. In contrast, 35% of AF myocytes lost
this capacity to recover. Electron and STED microscopy images
(Figure) show a disturbance in mitochondrial organisation and
their interaction with the SR.
Conclusion: Impaired cytosolic Ca2+ handling and disturbed
interaction between mitochondrial and Ca2+ release sites of the
SR may contribute to the impaired redox response of
mitochondria to increased workload which we observed in AF
patients. This likely results in impaired ATP production and ROS
neutralisation, which may finally contribute to atrial
arrhythmogenesis in AF patients.

BS-526-04
IMPAIRED REDOX RESPONSE TO INCREASED
WORKLOAD IN ATRIAL MITOCHONDRIA FROM PATIENTS
WITH ATRIAL FIBRILLATION
Julius Ryan Pronto MS; Fleur E. Mason PhD;
Michael Kohlhaas PhD; Funsho Emmanuel E. Fakuade PhD;
Christoph Maack MD and Niels Voigt MD
Background: Calcium handling abnormalities contribute to the
pathophysiology of atrial fibrillation (AF). In ventricular myocytes,
Ca2+ has been shown to play an important role in mitochondrial
response to increased workload by activating key
dehydrogenases in the Krebs cycle, necessary for NAD(P)H
regeneration and, ultimately, neutralisation.
Objective: We hypothesise that workload response of
mitochondria is impaired in atrial cardiomyocytes from patients
with AF.
Methods: Membrane currents (patch clamp), cytosolic Ca2+
(Fluo-3) and NAD(P)H/FAD autofluorescence were recorded in
right atrial myocytes from sinus rhythm (CTL) or AF patients.
Immunofluorescence labeling together with STED microscopy
and EM microscopy were employed to characterize interaction
between mitochondria and sarcoplasmic reticulum (SR).
Results: Diastolic [Ca2+]i of voltage-clamped myocytes was
comparable, whereas amplitudes of L-type Ca2+ current and
triggered of Ca2+ transients (CaTs) were decreased by 49% and

ABSTRACT CE-542:
Getting an eye on the target before the ablation of
SVT
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8:00 AM - 9:00 AM

CE-542-01
PRECORDIAL ‘REVERSE PATTERN BREAK’: A NOVEL
PREDICTOR FOR EPICARDIAL POSTEROSEPTAL
ACCESSORY PATHWAYS
Debabrata Bera MD
Background: Posteroseptal (PS,also known as inferior
paraseptal) accessory pathways(AP) may occasionally lie within
the coronary sinus (CS), its tributaries, in a CS diverticulum
(CSD) or along the epicardial surface.
Objective: We encountered precordial reverse pattern break
(RPB) of QRS morphology in some patients with epicardial APs
and analysed all ECGs of posteroseptal accessory
pathway(PSAP) cases.

Abstracts
Methods: Inclusion criteria:Consecutive patients aged. 18
years, who underwent successful RF ablation in the PS region.
Exclusion criteria- Failed ablation,Ablation at the left sided
endocardium,Ablation deep inside the main CS, beyond 3 cm of
the CS ostium (left free wall epicardial pathways). The cases
were divided into two groups: Group En: Endocardial ablation;
Group Ep: Ablation within the CS/CSD/epicardial surface.
Definition:RPB is defined as monophasic tall R in V2 larger than
V1 and V3 along with either (i) R/S , 1 in V3, or (ii) S wave in V3
. 4 mV.
Results: Among 66 cases [Age: 32612 year, 40 males], 53 were
ablated endocardially and 13 cases epicardially (12 inside a CS
diverticulum, one in epicardium after gaining pericardial
access).The baseline characteristics were comparable.RPB was
present in 10/13 of Group Ep, but only in 6/53 cases of Group
En.The sensitivity and specificity of RPB for epicardial location
were 63% and 94% respectively, while the positive predictive
value(PPV) was 77 %. The negative predictive value (NPV) was
89% and the accuracy was 87%.
Conclusion: Among the patients who underwent ablation for PS
accessory pathways,RPB was more often observed on the
preexcited ECGs in patients having epicardial APs. This pattern
may indicate the need for mapping within the CS/CSD or or
epicardium.
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Alexandru Badiul; Cosmina Steliana Paja; Elena Ene;
Stefan Bogdan; Cosmin Cojocaru and RaduGabriel M. Vatasescu
Background: Prediction of accessory pathway (AP) location is
crucial for successful catheter ablation, especially for
posteroseptal AP, due to its anatomical complexity. To this day,
there is no validated electrocardiographic algorithm or criterion
for accurate prediction of epicardial posteroseptal AP requiring
ablation from coronary sinus (CS) or its branches.
Objective: The purpose of this study was to detect predictive
value of the new electrocardiographic criterion for differentiating
epicardial from endocardial location of posteroseptal accessory
pathway.
Methods: Seventy-five patients with successful ablation of
manifest posteroseptal AP were retrospectively included in our
study. Preexcited 12-lead ECGs obtained during sinus rhythm
were analyzed. We reviewed the characteristics of the initial 40
msec of the delta wave in lead V1, measured from the earliest
QRS deflection in 12 leads. Already described ECG findings
suggestive for epicardial location have been considered
(negative delta wave in DII, high amplitude S wave in V6).
Results: Of 75 patients with posteroseptal AP that undergone
catheter ablation, 40 patients (53.3%) had successful epicardial
ablation from coronary sinus or its branches. An initial isoelectric
or biphasic delta wave in lead V1 proved the highest positive
predictive value (97%), sensitivity (82.5 %) and specificity (97 %)
for an epicardial location of the posteroseptal AP. Deep S wave in
V6 proved lower sensitivity (37.5%) and positive predictive value
(68%), but higher specificity (80%) for epicardial location of AP.
The specificity and sensitivity for epicardial location of AP of
negative delta wave in DII were lower and failed to reach
statistical significance.
Conclusion: This study shows that an initially isoelectric or
biphasic delta wave criterion in lead V1 has a higher specificity,
sensitivity and positive predictive value for discrimination of
epicardial versus endocardial location of posteroseptal APs than
previously described ECG markers. This simple ECG finding
could be used to guide the ablation procedure, reduce its duration
and number of failed ablation attempts.

CE-542-03
CANNON A WAVE VALIDATION AS A DIAGNOSTIC TOOL IN
PAROXYSMAL SUPRAVENTRICULAR TACHYCARDIAS
lez-Casal MD; Alberto Pe
 rez-Castellanos MD;
David Gonza
 lezNina Soto MD; Alejandro Carta-Bergaz MD; Esteban Gonza
~ MD; Pablo Avila MD;
Torrecilla MD, PhD; VANESA BRUNA
Felipe Atienza MD, PhD; Angel Arenal Maiz MD, PhD and
Tomas Datino MD, PhD

CE-542-02
ISOELECTRIC OR BIPHASIC DELTA WAVE IN V1 IS A NEW
ACCURATE PREDICTOR FOR EPICARDIAL LOCATION OF
POSTEROSEPTAL ACCESSORY PATHWAY

Background: Atrioventricular nodal re-entrant tachycardia
(AVNRTs) and orthodromic reciprocating tachycardias (ORTs)
are major mechanisms of paroxysmal supraventricular
tachycardias. Cannon A waves, rapid and regular pulsations with
bulging of the internal jugular veins, is traditionally associated
with AVNRTs.
Objective: The aim was to assess the diagnostic utility of the
cannon A wave in cases of paroxysmal supraventricular
tachycardias.
Methods: We prospectively included 100 patients with
paroxysmal supraventricular tachycardias. Videos of the jugular
venous pulse were obtained after tachycardia induction. Two
independent experts visualized the videos in a blindly manner
and classified patients into two groups whether de sign was
present or not. Central venous pressure (CVP) was continuously
monitored.
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CE-542-04
EASY-WPW: A NOVEL ECG-ALGORITHM FOR EASY AND
RELIABLE LOCALIZATION OF MANIFEST ACCESSORY
PATHWAYS IN CHILDREN AND ADULTS
Mustapha El Hamriti MD; Martin Braun; Stephan Molatta;
Guram Imnadze; Moneeb Khalaph; Philipp Lucas;
Vanessa Sciacca MD; Thomas Fink; Leonard Bergau;
Christian Sohns MD; Denise Guckel MD and Philipp Sommer MD,
FHRS

Results: AVNRTs was diagnosed in 66 pts (60 typical AVNRTs
and 6 atypical AVNRTs) and ORT in 34 pts (10 septal and 24 left
free wall accessory pathways). Cannon A wave was present
more frequently in cases of AVNRTs (64% vs. 38%), OR 2.92
(95% CI: 1.22-6.99; p50.0145). Sensitivity and specificity were
64% and 63% respectively.There was an inversely proportional
relationship between the mean increase of CVP and the VA
interval in tachycardia, b -0,018; p50.0105; Figure 1. Thus, we
regroup the patients according to the VA interval length, short VA
interval (typical AVNRTs and ORT mediated by a septal
accessory pathway) and long VA interval (atypical AVNRTs and
ORT mediated by a left free wall accessory pathway). This way,
the statistical association strength and the specificity increased
significantly. Cannon A wave was much more frequent in the
short VA interval group (67% vs. 25%), OR 6.13 (95% CI: 2.2716.50; p50.0001). Thus, the mean CVP increase in tachycardia
was much higher in the short VA interval group (4.1 mmHg vs. 1.6
mmHg; p50.0002); Figure 2. Sensitivity and specificity were now
67% and 75% respectively. The sign showed a moderate
interobserver correlation with a kappa index of 0.32; p50.002.
Conclusion: Cannon A wave was associated more frequently
with cases of AVNRTs, but mostly with short VA interval
tachycardias (typical AVNRTs and ORTs mediated by septal
pathways). This fact can be explained by a much higher increase
in central venous pressure with shorter VA intervals.

Background: Accessory pathway (AP) ablation is a standard
procedure for the treatment of Wolff-Parkinson-White syndrome
(WPW). 12-lead electrocardiogram (ECG) based delta wave
analysis is essential for predicting ablation sites. Previous
algorithms have shown to be complex, time-consuming and often
unprecise because of variable anatomical heart axis especially in
children.
Objective: Our study aimed to retrospectively develop and
prospectively validate a new, simple ECG-based algorithm
considering the patients’ heart axis allowing an exact localization
of APs in patients undergoing ablation for WPW.
Methods: Our study included 109 patients undergoing ablation
of a single manifest AP due to WPW between 2013 and 2021. For
the exact determination of delta wave axis profound analyses of
12-lead ECGs were performed. The new algorithm (EASY WPW)
includes a 2-step (left side) and 3-step-identification (right side) of
the AP region, respectively. First we validated our algorithm
comparing its efficacy to two established ones (Pambrun and
Arruda). Then the new algorithm was tested also prospectively
focusing on the accuracy of pathway region prediction.
Results: In all patients (29618 years old, 45% female) pathway
ablation was performed successfully. 12-lead ECG-based
prediction of accurate AP localization using EASY-WPW was
correct in 102 patients (94%) (sensitivity 93%, specificity 99%,
PPV 97%, NPV 99%). Our algorithm was particularly useful in
correctly localizing antero-septal/-lateral (sensitivity and
specificity 100%) and posteroseptal (sensitivity 100%, specificity
91%) AP in proximity to the tricuspid valve. The accuracy
(percentage of patients with an exact prediction of AP
localization) of EASY-WPW was superior compared to the
Pambrun (94% vs. 84%, p50.049*) and the Arruda algorithm
(94% vs. 75%, p,0.001*). A subgroup analysis of children
(n540, 1164 years old, 45% female) revealed significant
superiority to the Arruda algorithm (p50.004*).
Conclusion: Our novel 12-lead ECG-based algorithm enables
reliable and accurate pre-interventional ablation site
determination in WPW patients. Only two steps are necessary to
locate left-sided AP and three steps to determine right-sided AP.
This can be done with the help of a simple flow chart or, in the
future, with the help of an app.

ABSTRACT HF-567:
Understanding Arrhythmias in Advanced Heart
Failure
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HF-567-01
THE BENEFIT OF AN IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR IN HEART FAILURE PATIENTS TREATED
WITH EMPAGLIFLOZIN: AN ANALYSIS FROM THE
EMPEROR-REDUCED TRIAL

Abstracts
Mehmet K. Aktas MBA, MD, FHRS; Ilan Goldenberg MD;
Wojciech Zareba MD, PhD; Himabindu Vidula MD, MS;
Martina Brueckmann MD; Cordula Zeller; Joao P. Ferreira MD,
PhD; Stuart Pocock PhD; Faiez ZANNAD MD, PhD;
Stefan Anker MD, PhD; Gerasimos Filippatos MD;
Milton Packer MD and Javed Butler
Background: The benefit of a primary prevention implantable
cardioverter defibrillator (ICD) in heart failure (HF) patients
treated with contemporary medical therapy that includes a
sodium-glucose cotransporter-2 inhibitor (SGLT2i) is unknown.
Objective: To evaluate the survival benefit associated with an
ICD among HF patients treated with empagliflozin in the
EMPEROR-Reduced trial.
Methods: Propensity score matching was used to compare
patients on empagliflozin who had an ICD at enrollment to
subjects on empagliflozin without an ICD. Propensity matching
was based on sex, age, left ventricular ejection fraction (LVEF),
body mass index (BMI), New York Heart Association (NYHA)
class, and etiology of HF (ischemic/non-ischemic). Cox
regression analysis was used to evaluate the risk of all-cause
mortality and sudden death.
Results: Out of 578 patients in the empagliflozin group of the
EMPEROR-Reduced trial who had an ICD at enrollment, 535
were matched to 535 patients without an ICD. The mean age for
the selected group was 68 +/- 10.2 years, 81% were male, the
mean LVEF was 27 +/- 5.7% and 73% and 27% of patients had
NYHA class II and III symptoms, respectively. The mortality rate
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for patients with an ICD was 8.5 vs 12.7 per 100 patient years in
those without an ICD (Figure A). Similarly, the sudden death rate
was 1.6 vs 3.3 per 100 patient years in patients with and without
an ICD, respectively (Figure B). Cox analysis demonstrated a
26% lower risk for mortality for patients with an ICD when
compared to those without an ICD (HR 0.74, 95% CI 0.51-1.07,
p50.114); and a corresponding 41% lower risk of sudden death
(HR 0.59, 95% CI 0.31-1.15, p50.122), although findings did not
reach statistical significance.
Conclusion: Our findings suggest that among HF patients
treated with contemporary medical therapy that includes a
SGLT2i, an ICD appears to provide incremental benefit in
reducing the risk of all-cause mortality and sudden death.

HF-567-02
SACUBITRIL-VALSARTAN AND BURDEN OF
VENTRICULAR ARRHYTHMIA: A META-ANALYSIS
Ritesh Shrestha MBBS; Raj Dangol MBBS;
Suresh Paudel MBBS; Vijaywant Brar MD and
Paari Dominic MBBS
Background: PARADIGM-HF showed a reduction in sudden
cardiac death with Sacubitril-Valsartan (SV) use compared to
enalapril in patients with heart failure with reduced ejection
fraction (HFrEF). However, it is not clear if there is significant
reduction in ventricular arrhythmias due to SV.
Objective: To identify if SV is associated with a reduction in
ventricular arrhythmias compared to ACE-i/ARB.
Methods: We conducted systematic searches on Pubmed,
EMBASE, Cochrane and Web of Science - for studies published
from inception to November 2021. The studies were
independently assessed by three researchers using the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. We included randomized
controlled trials (RCTs), prospective and retrospective cohort
studies, controlled before-and-after studies. Treatment group
included patients with HFrEF (EF40%) treated with SV and
goal directed medical therapy (GDMT) for heart failure. Control
group included patients with HFrEF (EF40%) treated with
GDMT for heart failure except SV.
Results: We screened 480 studies. Eight studies enrolling 9,724
patients were included. Among them, the treatment group had
4849 patients and the control group had 4875 patients. We found
that patients who were on SV had lower incidence (2.47%) of
sustained ventricular tachycardia and ventricular fibrillation as
compared to those who were not on SV (3.57%) with a pooled
risk ratio of 0.65 [0.44-0.97, p50.04]. Five studies had
information on ICD shocks with 587 patients in each arm. Fewer
patients in the SV group (5.96%) received ICD shocks compared
to those not on SV (12.2%) with a pooled risk difference of -0.06
[-0.11, -0.01, p50.02].
Conclusion: Sacubitril-Valsartan significantly decreased the
incidence of sustained ventricular arrhythmias and ICD shocks in
patients with heart failure.
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HF-567-03
ARRHYTHMIC EVENTS IN PATIENTS WITH CARDIOGENIC
SHOCK ON INOTROPIC SUPPORT: RESULTS OF THE
DOREMI RANDOMIZED TRIAL
F. Daniel Ramirez MD, MS; Richard Jung; Pietro Di Santo;
rebecca mathew; Trevor Simard; Simon Parlow; Willy Weng;
Omar Abdel-Razek; Nikita Malhotra; Matthew Cheung;
Jordan Hutson; Jeffrey Marbach; Michael Thibert MD;
Shannon Fernando; Pablo B. Nery MD; Girish M. Nair MBBS, MD,
MHS, FHRS; Juan Russo and Benjamin Hibbert
Background: Inotropic support is widely used in the
management of cardiogenic shock (CS) to improve cardiac
output and organ perfusion.
Objective: To characterize the incidence and clinical relevance
of arrhythmic events in patients with CS on inotropic support
managed by medical teams blinded to the inotrope being used.
Methods: Patients with CS enrolled in the DObutamine
compaREd to MIlrinone (DOREMI) trial were analyzed. Patients
with and without arrhythmic events (defined as arrhythmias
requiring intervention or sustained ventricular arrhythmias) were
compared to (1) identify factors associated with their occurrence
and (2) examine their association with in-hospital outcomes.
Results: Ninety-five patients (49.5%) had arrhythmic events,
occurring equally with dobutamine and milrinone (P50.665). A
history of atrial fibrillation and need for vasopressor support at
inotrope initiation were positively associated with arrhythmic
events whereas predominant right ventricular dysfunction and
previous myocardial infarction were negatively associated with
them. Atrial arrhythmic events were associated with the need for
mechanical circulatory support or cardiac transplantation (RR
3.64, 95% CI 1.35-9.83) and both intensive care unit and hospital
lengths of stay (6 [IQR 4-10] vs. 4 [3-7], P50.029, and 17 [10-31]
vs. 13 [5-21] days, P50.010, respectively). Ventricular arrhythmic
events were associated with the trial’s primary composite
outcome (RR 1.88, 95% CI 1.35-2.60), including all-cause
mortality (RR 1.73, 95% CI 1.09-2.75), initiation of renal
replacement therapy (RR 2.86, 95% CI 1.29-6.36), and need for
mechanical circulatory support or cardiac transplantation (RR
4.85, 95% CI 1.46-16.16).
Conclusion: Clinically relevant arrhythmic events occur in half of
patients with CS treated with dobutamine or milrinone and are
associated with poor clinical outcomes. Ventricular arrhythmic
events are most strongly associated with adverse outcomes,
including a 73% increase in all-cause in-hospital mortality.
Clinical factors available at the time of inotrope initiation may help
identify patients most at risk of arrhythmic events. Given the
purported proarrhythmic effects of inotropic agents, their role in
the management of patients with CS warrants critical and
rigorous appraisal.

HF-567-04
VENTRICULAR TACHYCARDIA PRIOR TO CFLVAD
IMPLANTATION DOES NOT IMPACT SURVIVAL WHEN
STRATIFIED BY VAD TYPE
Summit S. Pandat MD; Peter Rothstein MD; Arvind Bhimaraj MD;
Paul Antonio Schurmann MD; Amish S. Dave MD, PhD;
Miguel Valderrabano MD and Nilesh Mathuria MD, FHRS
Background: Historically, the occurrence of ventricular
tachycardia (VT) prior to implantation of continuous flow left
ventricular assist device (CFLVAD) has been associated with
worse long term survival. In the era of more modern CFLVADs,
pre-implant VT may no longer significantly impact survival.
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Objective: To evaluate one-year transplant free survival by
modern CFLVAD types based on the occurrence of pre-implant
sustained VT.
Methods: We retrospectively studied all patients who underwent
both destination therapy and bridge to transplant initial CFLVAD
implantation at our institution from 2017-2019. Patients who
received a simultaneous RVAD or orthotropic heart transplant
within one year after CFLVAD were excluded. We ascertained the
occurrence of sustained VT in the year prior to implantation
based on clinical documentation and available implantable
cardioverter-defibrillator interrogation reports. Using
independent sample t-tests with significance set to p,0.05, oneyear transplant free survival was compared in those with and
without pre-implant VT for CFLVADs including the Abbott
Heartmate 3 (HM3), Abbott Heartmate 2 (HM2), and HeartWare
HVAD (HW).
Results: There were 103 initial CFLVAD implants between 20172019, 38 HM3, 37 HM2, and 28 HW. Within the HM3 group, oneyear TFS was 69% in those with pre-implant VTand 88% in those
without pre-implant VT, p50.1654. Within the HM2 group, oneyear TFS was 68% in those with pre-implant VTand 61% in those
without pre-implant VT, p50.6526. Within the HW group, oneyear TFS was 80% in those with pre-implant VTand 72% in those
without pre-implant VT, p50.6632. For all CFLVADs, one-year
TFS was 71% in those with pre-implant VT and 75% in those
without pre-implant VT, p50.6555.
Conclusion: Contrary to prior reports, sustained VT in the year
prior to CFLVAD implantation did not reduce one-year transplant
free survival in this cohort regardless of the type of CFLVAD
implanted. In the modern era of CFLVAD implantation, preimplant sustained VT may not necessarily be a contraindication.
Further studies assessing sustained VT in the CFLVAD
population are warranted.

ABSTRACT CA-535:
High-Power Short Duration Radiofrequency
Ablation for Pulmonary Vein Isolation: Clinical Trials
Sunday, May 1, 2022
9:15 AM - 10:15 AM

CA-535-01
THE RANDOMIZED POWER PULSE TRIAL: SAFETY AND
INTRAPROCEDURAL PULMONARY VEIN RECONNECTION
USING VERY HIGH POWER SHORT DURATION ABLATION
(70W) VS. STANDARD ABLATION IN PAROXYSMAL AF
Marc Kottmaier MD; Leonie Foerschner; Tilko Reents MD;
Carsten Lennerz MD, MSci; Felix J. Bourier MD;
Miruna-Andreea Popa MD; Gabriele Hessling MD and
Isabel Deisenhofer MD, FHRS
Background: Pulmonary vein isolation (PVI) using
radiofrequency-ablation (RFA) in patients with paroxysmal atrial
fibrillation (PAF) is effective but PV reconnection and arrhythmia
recurrence due to insufficient ablation lesions remain a clinical
challenge. Recent publications could demonstrate that very high
power short duration ablation (vHPSD) in RFA creates more
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efficient ablations lesions. Nevertheless, data from randomized
controlled trials are lacking.
Objective: Aim of the POWER PULSE trial is to compare
intraprocedural safety and intraprocedural PV reconnection rates
during Adenosine testing in patients undergoing PVI for PAF
using HPSD ablation compared to conventional power settings.
Methods: We included n5150 patients that suffered from PAF and
where scheduled for ablation. All patients underwent PVI. N575
patients were randomized to the vHPSD-group with an ablation
protocol with 70 watts and a duration cut-off of 7 seconds at the
anterior LA and 5 seconds at the posterior LA (vHPSD group). N575
patients were randomized to the standard-group and a conventional
power protocol with 30-40Watts for 20-40 seconds (Standardgroup). Both groups where compared for periprocedural
complications, procedural characteristics like RF and procedure
duration and intraprocedural PV reconnection rates during
Adenosine testing.
Results: Baseline characteristics where well balanced between
groups and not significantly different. The vHPSD-group showed
significantly less intraprocedural PV reconnections during
Adenosine testing with 33% in the vHPSD group and 47% in the
standard group (p50.02). No periprocedural thromboembolic
complications or atrio-esophageal fistula occurred in either
group. Mean RF and procedural time where significantly shorter
in the HPSD-group compared to the standard-group with 15.7 +/7.2 min vs. 44.6 +/- 19.0 min (RF time) and 89.9 +/- 19.2 min vs.
114.6+/-27.9 min (procedural time) (both p,0.01).
Conclusion: The data of the POWER PULSE Study
demonstrate that vHPSD ablation is feasible with a safety profile
comparable to ablation using conventional power settings. HPSD
ablation using 70watts for 5-7seconds lead to significantly less
intraprocedural PV reconnections during Adenosine testing. RF
and procedural time where significantly shortened.

CA-535-02
HIGH POWER SHORT DURATION (HPSD) VERSUS LOWER
POWER LONGER DURATION (LPLD) ATRIAL
FIBRILLATION ABLATION: A PROSPECTIVE
MULTICENTRE RANDOMISED CONTROLLED STUDY. THE
HI-LO HEAT STUDY
David Chieng MBBS, CCDS; Hariharan Sugumar MBBS, PhD;
Louise Segan; Ahmed Al-Kaisey MBChB;
Benjamin M. Moore MBBS; Michael Chi Yuan Nam MBBS;
Sandeep Prabhu MBBS, PhD; Aleksandr Voskoboinik MBBS,
PhD; Liang-Han Ling MBBS, PhD; Jonathan M. Kalman MBBS,
PhD, FHRS and Peter M. Kistler MBBS, PhD, FHRS
Background: RF ablation for pulmonary vein isolation (PVI) in
AF is associated with risk of esophageal thermal injury (ETI).
High power short duration (HPSD) ablation results in preferential
local resistive heating over distal conductive heating. HPSD
ablation shortens procedural times with no increase in
complications. However evidence had been limited by nonrandomised studies.
Objective: To compare HPSD versus LPLD ablation and the
effects on ETI and procedural outcomes
Methods: 88 patients with paroxysmal/persistent AF were
randomised to HPSD or LPLD ablation. Anterior antral lines were
done at 40-50 W, with target of AI 500-500/ LSI 5-5.5. Posterior
antral lines were done using 40-50W (HPSD group) or 25 W
(LPLD group), with targets set as AI 400/LSI 4, or temperature
rises 38oC or . 1oC rise within 5 seconds. Circa multi-sensor
probe was used. Endoscopy was performed in all patients. The
primary outcome was ETI incidence.
Results: Mean age was 61+/-9 years, with 31% females.
Baseline characteristics were similar, except higher hypertension
rates in HPSD(p50.02). 4 cases of ETI (4.5%) were detected, all

S75
superficial ulcers, with equal occurrence in HPSD and LPLD
(p51.0). RF ablation times were lower in the HPSD cohort (23.8
vs 29.7 minutes, p ,0.01). Procedural times were lower in HPSD,
although not significant (133.7 vs 150.8 mins, p50.05).
Fluoroscopy time, first pass isolation rates, and acute PV
reconnection rates were not significantly different. Arrhythmia
recurrence (post blanking) was similar across both
groups(p50.15).
Conclusion: HPSD ablation, compared to LPLD ablation,
resulted in comparably low rates of ETI, with reduced RF ablation
and total procedural times. HPSD ablation is a safe and
efficacious approach to PVI.

CA-535-03
SAFETY AND EFFICACY OF VERY HIGH-POWER SHORTDURATION ABLATION FOR PULMONARY VEIN ISOLATION
Vincenzo Schillaci; TERESA STRISCIUGLIO;
Giuseppe Stabile MD; Alberto Arestia; Alessia Agresta MD;
Armando Mariano Salito; Antonio De Simone and
Francesco Solimene
Background: A very high-power short-duration (vHPSD)
strategy of radiofrequency (RF) ablation aims to minimize
conductive heating and increase resistive heating.
Objective: The aim of our study is to evaluate the feasibility,
efficacy and safety of the vHPSD ablation of the for pulmonary
vein (PV) isolation in patients presenting with paroxysmal or
persistent atrial fibrillation (AF).
Methods: This prospective non-randomized study enrolled
consecutive AF patients undergoing PV isolation. The vHPSD
ablation was performed with the QDOT catheter, applying 90 W,
for 4 s, with an irrigation of 8 ml/min. RF was delivered targeting
interlesion distance  6 mm. The PVI was assessed at the end of
the encirclement with the Pentaray catheter by entrance block
and by remapping.
Results: Overall 163 patients (29 with persistent AF) were
enrolled. The mean age was 6168 years, 60% had hypertension
and 10% diabetes mellitus. PV isolation was obtained in all
patients and at first-pass in 144 (88%) with a mean number of
83615 RF pulses. The mean procedural time was 85626 min,
the mean fluoroscopy time was 966 min and the mean RF time
was 5,561 min. In 5 patients (3%) access-related vascular
complications occurred. The mean follow-up (fu) was 863
months (fu6 months in 109 patients; fu12 months in 15
patients) and the freedom from AF recurrence was 97% in the
overall population and in the paroxysmal and persistent
subgroups as well (Figure).
Conclusion: The vHPSD ablation represents an effective and
safe ablation strategy to achieve PV isolation in paroxysmal and
persistent AF patients.
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procedure duration for Cryo was significantly shorter. Currently a
prospective trial is conducted to corroborate these findings.

ABSTRACT CI-563:
Sex differences in CIEDs and Arrhythmia
Syndromes
Sunday, May 1, 2022
9:15 AM - 10:15 AM

CI-563-01
SEX DIFFERENCES IN THE ASSOCIATION OF OBESITY
AND VENTRICULAR ARRHYTHMIA IN PATIENTS WITH
IMPLANTABLE CARDIOVERTER-DEFIBRILLATORS

CA-535-04
PULMONARY VEIN ISOLATION FOR ATRIAL FIBRILLATION
USING TRUE HIGH POWER SHORT DURATION VS. CRYOABLATION
€ rmann; Jakob Lu€ ker; Jan-Hendrik van den Bruck MD;
Jonas Wo
€ fer; Zeynep Arica;
Karlo Filipovic; Susanne Erlho
Cornelia Scheurlen; Sebastian Dittrich; Jan-Hendrik Schipper;
Daniel Steven PhD and Arian Sultan MD
Background: Pulmonary vein isolation (PVI) in patients (pts)
with paroxysmal (PAF) and persistent (persAF) atrial fibrillation is
equally achievable and effective using a cryoballoon (Cryo) or
radiofrequency (RF) catheter ablation (CA). The newly
introduced high RF power short duration ablation (HPSD)
technique has shown promising results in clinical trials. However,
data comparing HPSD- to Cryo-PVI is sparse.
Objective: We sought to investigate success rates and
procedural differences of HPSD-PVI vs. Cryo-PVI in patients
undergoing ablation for PAF and persAF.
Methods: Between 01/2018 and 08/2021 all consecutive pts.
undergoing de-novo PVI (HPSD or Cryo) were included in this
analysis using specifically designed database. A power setting of
70W/7s (70W/5s at posterior wall) was considered as HPSD. For
Cryo-PVI a 28mm balloon was used. Follow-up consisted of outclinic pts visits, tele-consultation, 48h holter ECG and CIED
interrogation if applicable.
Results: A total of 721 pts (46 HPSD, 675 Cryo) were analyzed.
In all HPSD (n546; 19 PAF [41%], 27 persAF [59%] and Cryo pts
(n5675; 252 PAF [37%], 423 persAF [63%]) PVI was
successfully achieved. Procedure duration was significantly
longer for HPSD (108635min vs. 77626min, p,0.01) as
compared to Cryo. Fluoroscopy time (HPSD 1465min and Cryo
1467min; p51) and dose (HPSD: 379862460mGy*cm2; Cryo:
319964138mGy*cm2; p50.333) was comparable in both
groups. No major complications occurred in the HPSD group
whereas for Cryo in 25 (3.7%; p50.296) pts complications
occurred (16 groin bleedings, 7 transient phrenic nerve palsies, 2
tamponades [1 lethal]).At a follow-up of 2906135 days
significantly more pts were free from any atrial arrhythmia after a
single procedure using HPSD (38 HPSD [82.6%] vs. 458 Cryo
pts [67.9%]; p50.047).
Conclusion: Pulmonary vein isolation using HPSD is equally
effective and safe to Cryoballoon-PVI in patients with PAF and
persAF. This analysis revealed a significantly higher arrhythmia
free survival after HPSD as compared to Cryo with low
complication rates in this relatively small HPSD cohort. The

Milica Bjelic MD; Ilan Goldenberg MD; Mehmet K. Aktas MBA,
MD, FHRS; Ramya Sampath; Alexander Diamond;
Scott McNitt MS; Valentina Kutyifa MD, PhD, FHRS;
Wojciech Zareba MD, PhD and Hillel Steiner MD
Background: Previous studies have reported sex differences in
the association of overweight and obesity (OW/OB) and
cardiovascular outcomes, including hypertension, atrial
fibrillation, and coronary artery disease. However, data regarding
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the association of body mass index (BMI) with ventricular
tachycardia/fibrillation (VT/VF) in males and females are limited.
Objective: We sought to investigate sex differences in the OW/
OB association with VT/VF in heart failure patients with an
implantable cardioverter defibrillator (ICD).
Methods: We analyzed the risk of appropriate ICD therapy for
VT/VF by sex and weight groups in 5,406 patients who were
enrolled in the landmark MADIT (Multicenter Automatic
Defibrillator Implantation Trial) and Ranolazine in High-Risk
Patients with Implanted Cardioverter-Defibrillator (RAID) trials. A
BMI cut-off of 25 kg/m2 was used to dichotomize the study
population and outcomes were analyzed separately in males and
females. The primary endpoint was the first occurrence of VT/
VF170 bpm.
Results: The majority of patients were OW/OB category (males
70%, females 78%) and were younger. Among females, the 3year cumulative event rate of VT/VF was significantly higher
among females who were OW/OB when compared to those with
a BMI ,25 kg/m2 (3-year rates: 19% vs. 11%, p50.003, Figure
A). In males, the 3-year cumulative event rate of VT/VF was
similar for OW/OB patients and for those with a BMI ,25 kg/m2
(3-year rates: 26% vs. 25%, p50.814, Figure B). Consistently,
multivariate analysis showed that in females, being OW/OB was
associated with a significant 55% increased risk of VT/VF
(HR51.55 [95% CI: 1.04, 2.30]; p50.031) when compared to
females with a BMI ,25 kg/m2. In males, there was no statistically
significant association between weight groups and the risk of VT/
VF (1.03 [0.87, 1.22]).
Conclusion: Patient-level data pooled from 5 landmark ICD
clinical trials demonstrate that being overweight or obese, is
associated with a significantly increased risk for VT/VF in
females, suggesting that risk factor modification and weight loss
may improve outcomes in this population.

CI-563-02
GENDER DIFFERENCES IN OUTCOMES OF
TRANSVENOUS LEAD EXTRACTION. INSIGHTS FROM
NATIONAL READMISION DATABASE
Mahmoud Khalil MD; Muhammad Haisum Maqsood MD;
Ahmed Maraey; Ahmed Elzanaty; Scott A. Bernstein MD and
Mohamed Shokr MD
Background: With increasing use of implantable cardiac
devices, the need for transvenous lead extraction has increased
which translates to increased procedural volumes. Gender
differences in rates of complications in lead extraction are not well
known.
Objective: The present study aims at evaluating the impact of
gender on outcomes of lead extraction.
Methods: We identified 71,754 patients who presented between
2016-2019 and underwent transvenous lead extraction. Their
clinical data were retrospectively accrued from the National
Readmission Database (NRD) using the corresponding
diagnosis codes. We compared clinical outcomes between
males and females. Odds ratios (OR) for the primary and
secondary outcomes were calculated, and multivariable
regression analysis was utilized to adjust for confounding
variables.
Results: Compared to males, females had a higher in-hospital
complications including pneumothorax (OR 1.26, 95% CI (1.071.4), P,0.01), hemopericardium (OR 1.39, 95% CI (1.02-1.88),
P50.036), injury to superior vena cava and innominate vein
requiring repair (OR 1.88, 95% CI (1.14-3.1), P50.014), (OR 3.4,
95% CI (1.8-6.5), P,0.01), need for RBCs transfusion (OR 1.28,
95% CI (1.18-1.38), P,0.01) and pericardiocentesis (OR 1.6, 95%
CI (1.3-2), P,0.01). 30-day readmission was also significantly
higher in females (OR 1.09, 95% CI (1.02-1.17), P,0.01). There
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was no significant difference in In-hospital mortality (OR 0.99, 95%
CI (0.87-1.14), P 0.95).
Conclusion: : In females, lead extraction is associated with
worse clinical outcomes and higher 30-day readmission.

CI-563-03
GENDER-BASED DIFFERENCES IN LEAD PERFORATION
RATES ON COMPUTED TOMOGRAPHY SCANS IN
PATIENTS UNDERGOING TRANSVENOUS LEAD
EXTRACTION: RESULTS FROM UC SAN DIEGO LEAD
EXTRACTION DATABASE
Kavisha Patel MD; Muhammad Bilal Munir MBBS, MD;
Douglas Darden MD; Prerana Bhatia MD; Kathleen Jacobs MD;
Travis Pollema DO and Ulrika Maria Birgersdotter-Green MD,
FHRS
Background: Female gender is an independent predictor for
peri-procedural complications with transvenous lead extraction.
The etiology for this finding is unclear but likely multifactorial.
Higher incidence of lead perforation could be a contributory factor
for higher complication rates in females.
Objective: We sought to assess the rates of lead perforation on
computed tomography (CT) scans in females compared to males
undergoing lead extraction.
Methods: We retrospectively evaluated all patients undergoing
transvenous lead extraction at our institution from 1/2017 to 10/
2021, utilizing the UC San Diego Lead Extraction Database. Of
these, only patients who underwent pre-procedural CT scans
with lead extraction protocol were included. This protocol utilized
intravenous contrast, electrocardiogram-gating, and threedimensional reconstruction. Lead perforation was defined as
lead tip termination beyond the epicardial margin. Included
patients were stratified into two groups based on gender and
analyzed.
Results: Among 465 patients who underwent transvenous lead
extraction, 357 (76.8%) had CT chest lead extraction protocol
pre-procedurally. Of these, 251 patients were male (70.3%);
remaining 106 were female (29.7%). Females were significantly
younger than males (58.9 6 16.3 years vs 65.9 6 14.8 years;
p, 0.01). Rates of hypertension, heart failure and chronic renal
insufficiency were significantly higher in males as compared to
females (60.5% vs 39.6%, p ,0.01; 60.6% vs 41.9%, p,0.01;
18.3% vs 7.6%, p50.01). Rates of diabetes and dialysis status
were similar between the two groups (25.9% vs 20.2%
(p50.25), 3.6% vs 6.7%, p50.2). Number of leads extracted
were similar between the two groups (2.0 6 0.94 in males vs
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1.79 6 0.76 in females, p50.05). Duration of implant was also
similar between the two groups (101 6 71 months in males vs
114 6 71 months in females, p50.13). Despite the above
findings, lead perforation rates were noted to be significantly
higher in females as compared to males (15.2% vs 6.8%,
p50.01).
Conclusion: Despite younger age and lower comorbidity
burden, females were noted to have significantly higher rates of
lead perforation as compared to males. Further studies are
needed to evaluate the relationship between lead perforation on
CT and adverse outcomes in women undergoing lead
extraction.

CI-563-04
EFFECTS OF AGE AND SEX ON CLINICAL AND
ELECTROCARDIOGRAPHIC FEATURES IN YOUNG
PATIENTS WITH BRUGADA SYNDROME
Tomohiko Imamura MD; Takeru Makiyama MD, PhD;
Junichi Ozawa MD, PhD; Jingshan Gao BMBS;
Asami Kashiwa MD; Hirohiko Kohjitani MD; Keiko Sonoda MD,
PhD; Hisaaki Aoki MD, PhD; Seiko Ohno MD, PhD;
Naokata Sumitomo MD, PhD, FHRS; Masao Yoshinaga MD, PhD
and Minoru Horie MD, PhD
Background: Brugada syndrome (BrS) is an inherited
arrhythmia that is characterized by male predominance and lifethreatening arrhythmic events (LAEs) mainly in middle age.
Children with BrS are rare, therefore, the clinical features and sex
differences remain unclear.
Objective: This study aimed to clarify the clinical characteristics
in young BrS patients.
Methods: This study included consecutive 69 definite BrS
patients (18 females)  20 years old diagnosed by the Shanghai
scoring system between 1998 and 2020 from multiple
institutions. The registry included clinical information of both
retrospective (ie. ECGs before enrollment) and prospective
follow-up, and clinical backgrounds, ECG changes, genetic
mutations were analyzed.
Results: Regarding the sex ratio at each age of onset (the age at
which the type 1 ECG was firstly recorded), males accounted for
60% of patients  10 years old, and 93% of those . 10 years old
(Fig.1A). During 5.3 6 5.5 years of follow-up, eight patients (12%)
experienced 12 LAEs including SCD (n5 2), aborted SCD
(n5 2), VF (n5 4), or sustained VT (n5 4). Two patients died of
VF storm despite being treated with quinidine and ICD. LAE
occurred in 2.2% for a patient per year. In males, the first LAE
occurred equally across all ages, in females, conversely, it was
found only in those younger than 7 years old (Fig.1B). In the
patients with multiple ECG recordings over time, five of nine
(56%) female patients exhibited normalization of type 1 ECGs
after puberty (Fig.2A to 2E), and the patients didn’t experience
LAEs after the ECG normalization. In males, no patients showed
the normalization of type 1 ECGs. Mutations in SCN5A were
identified in 52%, especially more frequently in infants and
toddlers (0-3y, 78%). In particular, the mutations located in the
pore region of the cardiac sodium channel were detected more
frequently in infants and toddlers than in other age groups (71%
vs.25%, p5 0.03).
Conclusion: In this large cohort of young patients with
BrS, we found no gender difference in the incidence of
BrS until puberty, but the new-onset was decreased in
females after puberty, and some female cases exhibited
the normalization of Brugada ECGs. In addition, patients
under the age of 3 years had more frequent LAEs and
SCN5A mutations, suggesting the relationship of genetic
backgrounds.
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ABSTRACT PE-568:
Pediatric Electrophysiology
Sunday, May 1, 2022
9:15 AM - 10:15 AM

PE-568-01
A CLINICAL ALGORITHM TO DETERMINE RISK OF
RECURRENCE IN INFANTS WITH SUPRAVENTRICULAR
TACHYCARDIA: A COHORT STUDY OF 460 INFANTS
Sara Stephens MPH; Judson A. Moore MD; Naomi J. Kertesz MD,
FHRS, CEPS-P; Danyelle Evans; Jeffrey J. Kim MD;
Taylor S. Howard MD; Tam Dan N. Pham MD;
Santiago O. Valdes MD; Caridad M. de la Uz MD; Tia Raymond;
Shaine Morris and Christina Y. Miyake MD, MS
Background: Data regarding risk factors for supraventricular
tachycardia (SVT) recurrence in infants has varied in prior
studies.
Objective: To evaluate a large cohort of infants diagnosed with
SVT and create a clinically useful risk algorithm for physicians to
identify recurrence risk at the time of initial diagnosis.
Methods: A retrospective single-center study (1984-2020) with
prospective phone follow-up of infants with structurally normal
hearts diagnosed with re-entrant SVT at 1 year of age. Infants
with atrial flutter or permanent junctional reciprocating
tachycardia were excluded. The primary outcome was SVT
recurrence after initial hospital discharge. Risk factors were
evaluated using time-dependent survival analysis. Classification
and regression tree (CART) analysis was then performed to
determine a risk algorithm.
Results: Among 460 infants (62% male), 33% had SVT
recurrence. Median cardiac follow-up was 5.2y (IQR 1.8-11.2).
On multivariable analysis, factors associated with recurrence
included: fetal or postnatal diagnosis .60 days (HR 1.90, 95% CI
1.26-2.86 and 1.73, 95% CI 1.07-2.77, respectively), WolffParkinson-Syndrome (WPW) at diagnosis (HR 2.46, 95% CI
1.75-3.45), and need for multiple antiarrhythmic or second-line
therapy defined as flecainide, sotalol, or amiodarone (HR
2.08,95% CI 1.45-2.99). Based on CARTanalysis, WPW incurred
the highest recurrence risk regardless of other risk factors.
Among infants without WPW, age at diagnosis was the most
important factor predicting risk (fetal or postnatal diagnosis .60
days incurs higher risk). If multi-antiarrhythmic or second-line
therapy was additionally required, risk further doubled. Lowest
recurrence risk occurred among infants without any risk factors
(postnatally diagnosed by 2 months without WPW and
discharged on propranolol monotherapy).
Conclusion: One-third of infants with SVT have a risk of
recurrence. Recurrence risk can be stratified into low, moderate,
and high-risk categories based on factors present at initial
diagnosis and hospital discharge. Infants with no risk factors are
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at low risk. Infants with WPW or non-WPW with fetal or postnatal
diagnosis .60 days and discharged on multi-antiarrhythmics or
second-line agents are at highest risk. All other infants are at
moderate risk for recurrence.

PE-568-02
IDENTIFICATION OF NOVEL THERAPEUTIC TARGETS FOR
PACING INDUCED CARDIOMYOPATHY: A PILOT STUDY IN
CHILDREN WITH CONGENITAL COMPLETE
ATRIOVENTRICULAR BLOCK
Brittany Mary Navarre MD; Katie Clouthier MD; Anne Taylor MD;
Chad Weldy MD, PhD; PhD. xuhuai ji; Anne M. Dubin MD, FHRS,
CEPS-P and Sushma Reddy MD
Background: Chronic ventricular pacing in children can lead to
pacing-induced cardiomyopathy (PICM). It is difficult to predict
who will develop PICM, and CRT may have limited effectiveness
when used too late. Micro RNAs (miRs), small non-coding RNAs
which regulate gene expression, are emerging as tools to
evaluate the mechanisms of heart failure and may aid in early
diagnosis of PICM.
Objective: To identify a circulating miR signature of adverse
myocardial remodeling in paced patients preceding PICM to
better follow disease progression.
Methods: Clinical data and blood were collected from children
with normal cardiac structure and function with RV pacing for .5
yrs for congenital complete AV block (N59) and non-paced
controls (N513). miR microarrays were performed and
differentially expressed miRs (FC.2, corrected p,0.05) and
target pathways were identified using GeneSpring and mirPATH.
Results: RV paced patients and controls were age matched
(15.762.4 vs 15.0362.0 yrs, p5NS). Average pacing duration
was 12.3163.2 yrs, ventricular pacing occurred .95% of the
time. No difference in EF was seen between groups (6260.06%
vs 6560.03%, p5NS). 488 miRs were differently regulated
between the groups. 296 miRs were upregulated, predicting
downregulation of FoxO: gluconeogenesis and glycogenolysis;
adherens junctions (miR-548); and protein turnover and
degradation (miR-205). 192 miRs were downregulated,
predicting upregulation of fatty acid metabolism (miR-195, 15),
neurotransmitter and estrogen signaling (miR-126, 148). miRs
regulating profibrotic TGF-B and pro-apoptotic Hippo pathways,
were both up and downregulated.
Conclusion: We identified a unique, noninvasive miR signature
in chronically paced children implicating heightened fatty acid
metabolism to support increased energy demands of the paced
heart, and protective estrogen signaling to promote nitric oxide
metabolism and ion homeostasis. Profibrotic signaling was
upregulated while cell-cell interaction was impaired. This miR
pattern suggests early evidence of adverse myocardial
remodeling despite normal EF on echo. Changes in circulating
miRs may reflect an early signal of heart failure prior to the onset
of ventricular dysfunction thus paving the way for the
development of biomarkers predicting PICM.

PE-568-03
ASSOCIATION OF CENTER ABLATION VOLUME AND
PROCEDURAL OUTCOMES IN CHILDREN: AN ANALYSIS
OF THE IMPACT REGISTRY
Dustin Nash MD; kevin kennedy; Maully J. Shah MBBS, FHRS,
CCDS, CEPS-P; Chandra Srinivasan MD, FHRS, CCDS, CEPS-P;
V. Ramesh Iyer MD, CCDS, CEPS-P; tammy sweeten;
Michael O’Byrne and Christopher M. Janson MD, CEPS-P, CCDS

S80
Background: Center volume correlates with improved surgical
and interventional outcomes in congenital heart disease (CHD)
patients. This relationship has not been evaluated for pediatric
catheter ablation (CA).
Objective: To compare rates of CA success and major adverse
events (MAE) between centers based on annualized ablation
volume (AAV).
Methods: In this multicenter retrospective cohort study, CA
cases in the IMPACTregistry from 4/2016 - 1/2021 were analyzed
for patients ,21 yrs. Outcomes were compared between centers
stratified by AAV: Low (,50 cases), Medium (51-100), High (100150), and Very High (.150). MAE were defined as cardiac arrest,
stroke, tamponade, permanent pacemaker, or unplanned cardiac
/ vascular surgery. Multivariable models including pre-specified
indicators of case-mix were calculated for the entire cohort and
the subgroup of CHD cases.
Results: 18,751 cases from 82 centers were analyzed: 12% in
Low AAV centers (n52317 cases); 40% Medium (n57633); 34%
High (n56427); 13% Very High (n52374). Success occurred in
91% (n517,204), with no association with AAV (p50.2). MAE
occurred in 0.2%, with no difference by AAV (p50.6). AE were
lowest in High AAV centers (2.8% vs. 5.4% Low, 4.5% Medium,
4.6% Very High, p,0.001). Higher AAV was associated with
shorter case duration (p , 0.001). Multivariable models (Figure)
demonstrated no association between AAV and success in the
total cohort. In the CHD subgroup, High AAV was associated with
increased odds of success.
Conclusion: High AAV was associated with improved odds of
success for CHD cases, as well as fewer AE and shorter case
times in the total cohort.

PE-568-04
A DISTINCT AND POTENTIALLY MORE SEVERE
NEUROCARDIAC PHENOTYPE AMONG PEDIATRIC
PATIENTS WITH CATECHOLAMINERGIC POLYMORPHIC
VENTRICULAR TACHYCARDIA
Christina Y. Miyake MD, MS; Dania Kallas MS;
Peter S. Fischbach MA, MD; Martin J. LaPage MD, MS, FHRS,
CCDS, CEPS-P; Ian H. Law BSE, MD, FHRS; Allison C. Hill MD,
FHRS, CEPS-P; Prince J. Kannankeril MD, MS, FHRS, CEPS-P;
Frank A. Fish MD, CEPS-P; Taylor S. Howard MD;
Santiago O. Valdes MD; Tam Dan N. Pham MD; Sara Stephens;
Jeffrey J. Kim MD; Santokh S. Dhillon MBBS, MD, FHRS, CCDS;
Christopher L. Johnsrude MD, MS; Yannic Wilberg;
Ulrich Krause MD; Georgia Sarquella-Brugada MD, PhD and
Shubhayan Sanatani BS, MD, FHRS, CCDS
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Background: We identified 4 patients (pts) with
Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT)
at our institution with intellectual/neurodevelopmental delay, all
with atypical symptoms including persistent arrhythmias at
baseline (e.g. including sleep), cardiac arrest without evidence of
adrenergic stimulation, left ventricular non-compaction (LVNC)
and/or arrhythmogenic cardiomyopathy with systolic dysfunction.
There is limited data regarding INDD in CPVT.
Objective: To further explore a possible pediatric neurocardiac
CPVT phenotype and evaluate clinical findings as well as genetic
variants associated with INDD.
Methods: Retrospective review of all pts 18 years from the
International Pediatric CPVT registry with history of INDD and
confirmed RYR2 variants. Pts with hypoxic ischemic insult were
excluded. To evaluate if specific genetic variants or RYR2 hotspot
locations were associated with INDD, we compared INDD pts to
all pts with variants within the same RYR2 coding exons from
registry and our institution. Exons were classified into one of four
previously published functional/hotspot regions.
Results: The registry identified an additional 13 INDD pts (6% of
registry). Of the 17 total INDD pts, a majority had global delays
with delayed early milestones. A majority of NDD pts (59%) had
documented atrial or ventricular tachycardia at rest. When
compared to 51 non-INDD patients with variants in the same
exons, INDD pts were younger at first symptoms, more likely to be
proband status, harbor de novo variants, have atrial tachycardia,
LVNC, and systolic dysfunction. One INDD patient required a
heart transplant for end-stage heart failure. Genetic variants
clustered within the central and channel domains of the RYR2
gene, but not all variants within this region led to INDD
phenotype.
Conclusion: Our study suggests there is a distinct neurocardiac
CPVT phenotype that includes arrhythmias at rest, high incidence
of atrial tachycardia, left ventricular non-compaction, and systolic
dysfunction. Most variants associated with INDD were located in
the central or channel domain regions. These findings expand the
spectrum of CPVT phenotype in the pediatric population.
Recognition is important as management approach may differ
from typical CPVT cases.
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ABSTRACT PC-578:
Challenging Cases for the Electrophysiologist
Sunday, May 1, 2022
10:00 AM - 11:00 AM

PC-578-01
BIPOLAR ABLATION OF INTRAMURAL SEPTAL
VENTRICULAR ECTOPY USING THE CORONARY VENOUS
SYSTEM
Gilson Costa Fernandes MD; Tri Nguyen RT, CEPS and
Alan Hanley MBChB
Background: Ablation of intramural ventricular arrhythmias (VA)
is challenging and associated with high failure rates.
Objective: To describe a novel technique of bipolar septal
ablation using the septal coronary venous branches.
Methods: N/A
Results: A 50-year-old man with frequent symptomatic
monomorphic ventricular ectopy (VE), 30% burden, refractory to
antiarrhythmics, was referred after two failed ablation attempts.
VE had a left bundle branch block morphology, QS in V1, R/S
transition in V3, isodiphasic RS in lead I and inferior axis.
Echocardiogram was normal. EP study was performed under
conscious sedation and rhythm was ventricular bigeminy. We
mapped the right and left ventricular outflow tracts (RVOT and
LVOT), aortic sinuses and the coronary venous system (CVS)
was mapped with a Baylis 2 Fr EPstar octopolar catheter. The
earliest ventricular activation was on the anteroseptal
endocardial LVOT, on time with the EPstar in a septal branch of
the anterior interventricular vein (26 ms before surface QRS).
The bipolar electrograms on EPstar 1,2 and 3,4 had opposite
configurations, indicating likely source between electrodes 2 and
3 (Figure A). Unipolar ablation at both early sites caused brief
suppression of VE with early recurrence. We then used a bipolar
configuration with the ablation catheter in the anteroseptal LVOT
endocardium and EPstar 2,3 in the septal coronary venous
branch as a ground electrode, at a 9 mm distance from the
ablation catheter. Left coronary angiography confirmed no
coronary artery between the electrodes (Figure B). One bipolar
ablation lesion at 15 W was delivered for 60 seconds and
immediately abolished the VE in less than 1 second (Figure C).
Conclusion: Bipolar ablation from the ventricular endocardium
using a small 2 Fr catheter in the septal coronary veins as a
ground electrode is feasible, effective and safe for ablation of
difficult intramural septal VA.
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PC-578-02
JUNCTIONAL TACHYCARDIA
Chaitra Mohan MD; Raul D. Mitrani MD, FHRS, CCDS and
Jeffrey J. Goldberger MBA, MD
Background: Junctional ectopic tachycardia (JET) is a rare
tachyarrhythmia in adults. The precise site of origin within the AV
junction is unknown.
Objective: N/A
Methods: N/A
Results: A 71-year-old male presented with dyspnea on
exertion and recently diagnosed tachycardia in March 2021. He
had a history of diabetes mellitus, obesity, hypertension,
obstructive sleep apnea, and COVID-19 in 2020. A 14-day
monitor demonstrated 43% supraventricular ectopy SVE
burden and short runs of SVT. He presented for an
electrophysiology (EP) study. He presented to the EP lab in
sinus rhythm with frequent SVE. Multipolar catheters were
placed in the His bundle region, right atrium, coronary sinus,
and right ventricle. The SVE beats had the same QRS
morphology, and an identical HV interval and His-right bundle
activation sequence as in sinus rhythm and no retrograde
conduction, consistent with premature junctional complexes
(PJCs). Occasional short bursts of junctional tachycardia were
noted. Isoproterenol was titrated to a maximum dose of 8 mcg/
min. No other SVT was inducible with atrial overdrive pacing or
programmed stimulation or with isoproterenol infusion. A 6 mm
tip cryoablation catheter was advanced to the right atrium to the
anatomical location of the slow pathway in the inferior triangle of
Koch using an electroanatomic mapping system (EnSite NavX).
Signals immediately prior to ablation (Figure 1) were notable for
a pre-potential 26 ms prior to the His with PJCs. Cryoablation
was performed at this site (Figure 2) with resolution of the PJCs
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at the onset of the freeze. After thawing, a second freeze was
administered. No further PJCs were noted at baseline or with
isoproterenol infusion.
Conclusion: JET could originate from anywhere within the AV
node or proximal His bundle. The application of cryoablation
at a typical AV nodal slow pathway location with a preceding
pre- potential and immediate obliteration of PJCs suggests
that the origin in this case was from this region rather than a
true His bundle extrasystole. Identification of pre-potentials to
the junctional ectopy can guide safe ablation of this
dysrhythmia.

PC-578-03
RIGHT ATRIAL ATYPICAL FLUTTER WITH 2:1 INTRAATRIAL BLOCK MIMICKING LEFT ATRIAL FOCAL AND
LOCALISED REENTRANT TACHYCARDIA
David T. Boothe MD; Steven Song MD; Steven Leung MD, MHA;
Andrew A. Zadeh MD; Ivan C. Ho MD, FHRS and
Junaid A.B. Zaman MA, MD, PhD, CCDS
Background: Atrial-level blocks are known confounders for
diagnosis of SVTs and commonly occur after previous linear
ablation lesions.
Objective: 1. To demonstrate importance of recognition of atriallevel block in SVT diagnosis and treatment. 2. To review
underlying assumptions in using entrainment to localize SVT
origins. 3. To discuss the importance of thorough biatrial mapping
in determination of unclear SVT mechanisms.
Methods: N/A
Results: A 74y M with a history of bioprosthetic MV replacement,
atypical RA flutter ablation (2018), and permanent pacemaker
(2020) for sick sinus syndrome presented with fatigue and 76%
AF/AT burden. For index RA ablation, both an intercaval line
using bridging scar near the atriotomy site anterior to the
appendage and a cavotricuspid isthmus line were made.
Tachycardia was induced via burst pacing. Initial entrainment
from CS suggested a L-sided tachycardia. A Pentaray map of the
tachycardia showed LA anteroseptal reentry with entrainment at
the site giving a PPI-TCL , 30ms. PVI and anteroseptal line were
performed which changed cycle length but not CS activation. LA
re-mapping demonstrated focal breakout near RIPV; ablation
lengthened cycle length to 290ms without rhythm cessation. After
PVI confirmation, mapping of the RA showed 2:1 intra-atrial
conduction in the lateral RA with 1:1 conduction in the septal RA
(fig A). Mapping 1:1 areas of RA conduction showed a gap in
previous IVC line with intact CTI block with the majority of the
cycle length at the posteroseptal floor (fig B), immediately
opposite the site of initial LA anteroseptal reentry (fig C). During
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ablation of IVC line gap, progressive lengthening of the TCL was
noted followed by termination of rhythm without inducibility (fig D).
Conclusion: Response to entrainment assumes 1:1 conduction
through the entire circuit, and contributed to the appearance of a
left sided tachycardia upon initial CS entrainment. The finding of a
LA RIPV tachycardia upon remapping the LA after PVI is
consistent with a separate focal tachycardia but could represent
epicardial connections from the CS to the posterior LA.

PC-578-04
TRANSHEPATIC PERMANENT PACEMAKER LEAD
PLACEMENT
Kamal Preet Cheema; Dan Sorajja MD, FHRS and
Sailendra Naidu
Background: Limited or compromised systemic venous access
poses a significant challenge in patients who require a
permanent cardiac pacemaker. Case reports of transhepatic
access have been described in the congenital population.
Objective: We describe a case of symptomatic sinus node
dysfunction in which the standard transvenous approach was not
possible.
Methods: N/A
Results: A 44-year-old woman with fibrosing mediastinitis and
occlusion of the superior vena cava developed symptomatic
sinus node dysfunction and left bundle branch block. Given her
anatomy the decision was made to proceed with surgical
pacemaker implantation via a right thoracotomy approach, as
she did not want leads placed via the femoral route. The right
atrial (RA) and right ventricular leads were implanted into their
respective chambers through purse-string sutures in the right
atrium, with the device placed in right axilla. At the 6-week postimplant device interrogation, the RA lead impedance had
increased from 693 ohms to 1045 ohms and the lead was
detecting both atrial and ventricular signals. Chest x-ray
confirmed RA lead dislodgement (Figure 1). She was brought to
the EP lab for attempted RA lead revision, which ultimately was
unsuccessful. The RA lead was then revised using a transhepatic
approach. Percutaneous right hepatic vein access was
performed by interventional radiology using ultrasound and
fluoroscopic guidance. Through a 7-French sheath, the RA lead
was positioned in the right atrial appendage, and slack was given
to this lead to accommodate respiratory motion (Figure 2). The
lead was secured at the access site with the suture sleeve, and
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VTs of unseen models, and median localisation errors (LEs) were
estimated against known VT origins from simulations.
Results: For each torso model, implanted device EGMs and
ECGs successfully localized VT sources with LEs 10.04 - 16.36
mm and 10.05 - 12.79 mm, respectively. For each case, the
networks had only seen the torso model during initial training on
simulated paced beats. When a torso model was not seen during
pacing or VT training, recreating potential clinical application
settings, LEs ranged 12.42 - 22.79 mm and 12.41 - 19.68 mm for
EGM and ECG-based testing, respectively.
Conclusion: The proposed computational-AI framework may be
used to automate the localisation of scar-related VTs from clinical
ECGs or EGM recordings from implanted devices, ultimately
aiding ablation planning.

the lead was tunneled and connected to the generator. The
previously placed dislodged RA lead was removed. Post
operatively, she has done well without lead or pacemaker issues.
Conclusion: This case highlights transhepatic access as a
viable, safe, and effective option for patients with limited venous
access. Long term outcomes have yet to be reported.

ABSTRACT BS-516:
New Computational and Experimental Methods to
Enable Deeper Understanding of Cardiac EP
Sunday, May 1, 2022
10:30 AM - 11:30 AM

BS-516-01
A NOVEL COMPUTATIONAL-AI FRAMEWORK TO DETECT
SITES OF ORIGINS OF SCAR-RELATED VENTRICULAR
TACHYCARDIA FROM IMPLANTED DEVICE
ELECTROGRAMS
Sofia Monaci MRes; Shuang Qian PhD; Karli Gillette;
Martin Bishop PhD; Martin Bishop BM, MD, FRCP, FESC,
FSCCT; Gernot Plank PhD; Martin Bishop PhD and
Martin J. Bishop PhD
Background: Existing EP mapping strategies to identify VT
ablation targets are invasive, time-consuming, and often require
VT induction. A non-invasive approach that identifies clinical VT
substrates based on stored electrograms (EGMs) from implanted
devices may aid ablation planning and enhance safety.
Objective: We propose a non-invasive, computational-AI
framework to automate scar-related VT localisation by utilizing
EGMs stored in implanted devices.
Methods: A library of ECGs and EGMs from simulated paced
beats (w15000) and in-silico, scar-related VTs (500) was
generated across five detailed torso models. Traces from
simulated paced beats were used to initially pre-train two
complex convolutional neural network (CNN) architectures.
Subsequently, signals of re-entrant VTs were used to re-train the
networks to output VT origins in a standardized ventricular
coordinate space. Re-trained CNN architectures were tested on

BS-516-02
OPTICAL MAPPING OF EXPLANTED HUMAN HEARTS
ENABLES REFINED IONIC MODELS OF ACTION
POTENTIAL AND CONDUCTION VELOCITY RESTITUTION
CURVES FOR ARRHYTHMIA SIMULATION
Tae Yun Kim PhD; Elizabeth Cherry PhD; Shahriar Iravanian MD;
Ilija Uzelac PhD; Henry Chionuma; Neal Kumar Bhatia MD;
Anand D. Shah MD; Michael Burke MD; Faisal M. Merchant MD,
FHRS; Hee Cheol Cho PhD and Flavio H. Fenton PhD
Background: Dynamics and stability of electrical waves in the
heart has been attributed to the action potential duration (APD)
restitution curve, which is a measure of how the tissue responds
to a given cycle length (CL) and the conduction velocity (CV). The
restitution curves have been used to investigate how changes in
stimulation CL can lead to the induction of alternans and
arrhythmias. Only few restitution curves are available from clinical
measurements in human hearts, and they were generated using
monophasic action potential measurements or from single
human cardiomyocytes.
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Objective: To obtain APD and CV restitution curves from
explanted human hearts with optical mapping, and take
advantage of the experimental data to refine the dynamics of an
ionic model, which can be valuable for arrhythmia simulation
studies.
Methods: Optical mapping of membrane potentials was
performed on explanted human hearts (n52 from recipient
patients and n51 from a rejected donor) at high resolutions
(256x256 pixels, at 500 Hz) and a large field of view of 8 x 8 cm2.
Action potential was measured across the anterior epicardial RV
and LV and the endocardium LV, paced at CLs from 3 sec and
shorter, until conduction block or VF induction. APD and CV
restitution were obtained across the mapped tissue.
Results: Optical voltage signals were obtained by pacing the
heart at different CLs (Panel A). APDs and CVs were calculated,
and restitution curves for APD and CV were calculated for
different regions in the hearts. APD alternans, between even and
odd beats, were observed and quantified (panels B and C). A
human ventricular cardiomyocyte model was fitted to the
experimentally obtained APD and CV restitution curves to
reproduce AP duration (APD restitution) and conduction velocity
(CV restitution) at all CLs. The resultant ionic model recapitulates
the experimental data including the bifurcation period and
magnitude of alternans as well as the wave propagations.
Conclusion: Optical mapping of action potential from explanted
human hearts were used to refine the dynamics of an ionic model
of human ventricular myocytes. The refined model reproduced
the experimental wave propagations at all CLs, including
alternans. Our study presents a clinically relevant in silico model
to study the induction and dynamics of arrhythmias in whole heart
simulations.
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CT in N5125 patients (27.2% women, 64.7610.3Y) at AF
ablation. We tuned hyper-parameters in N55 random shells (Fig
B) and tested the algorithm in an independent cohort (N5120).
Results: Virtual dissection accurately identified all structures in
106/120 patients compared to experts (p,0.05). The Dice score
compared to expert annotations was 84-97%, with a surface
distance in defining LA/PV/LAA boundaries of 3.20-5.35 mm
(Fig C).
Conclusion: A novel CGI-based approach can separate and
label the PVs, LAA and LA body automatically from
electroanatomic shells with high accuracy. Virtual dissection is a
promising imaging processing approach that could simplify
ablation or other management strategies, or rapidly generate
models for machine learning.

BS-516-04
ULTRASTRUCTURAL AND MOLECULAR ORGANIZATION
DETERMINE CONDUCTION DIFFERENCES BETWEEN IN
ATRIAL AND VENTRICULAR WORKING MYOCARDIUM

BS-516-03
APPLYING COMPUTER GRAPHICS-IMAGING TO IDENTIFY
PATIENT-SPECIFIC CARDIAC STRUCTURES FROM
ELECTROANATOMIC SHELLS WITH NO MANUAL INPUT
Ruibin Feng DPhil; Brototo Deb MD; Prasanth Ganesan PhD;
Sulaiman Somani BSE, MD; Albert Joseph Rogers MBA, MD;
Samuel Ruiperez-Campillo BS, MSci; Paul Clopton;
Matei Zaharia and Sanjiv M. Narayan MD, PhD, FHRS
Background: Identification of cardiac structures such as the
pulmonary veins (PV) from electroanatomic maps typically needs
manual outlining, which is time-consuming. Computer graphics
imaging (CGI) has been applied in media, film, and
computer-aided design to reliably segment complex structures
using basic geometric representations.
Objective: We hypothesized that CGI could be applied to
automatically "virtually dissect" patient-specific electroanatomic
shells into Left atrial (LA) body, appendage (LAA), and pulmonary
veins (PVs), based on the sphericity of the LA body, the tubular
PVs, and the conical-tubular LAA.
Methods: We commenced in a mathematical domain. In a
generic digital shell from a public database, CGI operations of
erosion and dilation were iteratively applied to virtually dissect the
convex LA from the original concave shell (Fig A). A 3D
subtraction automatically revealed and labeled PVs and LAA. We
tested virtual dissection in electroanatomic shells obtained from

Heather Struckman MS; Nicolae Moise MD; Celine Dagher BS;
Zhenhui Chen PhD; Seth H. Weinberg PhD and
Rengasayee Veeraraghavan PhD
Background: The intercalated disc (ID) is a complex,
heterogeneous structure that provides electrical (gap junctions;
GJ) and mechanical (adherens junctions [AJ], desmosomes
[Des]) coupling between cardiomyocytes. ID-localized
populations of electrogenic proteins responsible for the action
potential upstroke - cardiac sodium channels [NaV1.5], inwardrectifier potassium channels [Kir2.1] and sodium potassium
ATPase [NKA] - are vital machinery for cardiac impulse
propagation. Thus, ID nanostructure is emerging as a critical
determinant of cardiac conduction and nanoscale ID damage has
been linked to arrhythmia in human patients.
Objective: To determine differences between ultrastructure and
molecular organization in atrial and ventricular working
myocardium.
Methods: Transmission electron microscopy (TEM), subdiffraction confocal imaging, stochastic optical reconstruction
microscopy (STORM), 3D finite-element modeling, multiscale
computational modeling
Results: TEM revealed structural differences from the microthrough nano-scales including key factors that may underlie
faster atrial conduction: more numerous GJs with associated
perinexi and reduced intermembrane spacing (similar findings at
MJs). Confocal microscopy revealed ID enrichment of NaV1.5,
Kir2.1 and NKA with more intense immunosignals at the ID vs
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non-ID regions in atrial myocytes than ventricular. STORM
defined the NaV1.5, Kir2.1 and NKA distribution relative to the
junctions: In the ventricle, NaV1.5 associated most closely with
GJ (median intercluster distance: 117 nm), Kir2.1 with Des (151
nm), and NKA with both GJ (165 nm) and AJ (150 nm). Next,
percent of each electrogenic protein localized within 100 nm from
ID junctions: 35% of NaV1.5 around GJs, 49% of Kir2.1 around
Des and 33% and 39% of NKA near GJ and AJ respectively.
Protein organization within atria ID had some notable differences:
NaV1.5, Kir2.1 and NKA was shifted closer to GJs, NaV1.5 to Des,
and Kir2.1 and NKA to Ncad.
Conclusion: These data provide the first-ever comprehensive
quantitative picture of ID ultrastructure and molecular
organization. Functional implications of these nanoscale
structural differences will be elucidated by implementation into
our recently published 3D finite-element computational model.

ABSTRACT CE-543:
The Early the Better: Afib Detection and Stroke
Sunday, May 1, 2022
10:30 AM - 11:30 AM

CE-543-01
4-FOLD HIGHER RATE OF ATRIAL FIBRILLATION
DETECTION AFTER STROKE OF PRESUMED KNOWN
ETIOLOGY WITH CONTINUOUS VERSUS INTERMITTENT
MONITORING: RESULTS FROM THE STROKE AF STUDY

CE-543-02

Jonathan P. Piccini MD, MHS, FHRS; Christopher Granger;
Richard A. Bernstein MD, PhD; Hooman Kamel; Jeffrey Katz;
pramod P. sethi MD; Evgeny Sidorov MD; Scott E. Kasner MD;
Scott B. Silverman MD; Theodore Merriam MS; Paul Ziegler MS
and Lee Schwamm MD

Louise Segan MBBS (Hons), FRACP, MPH;
Shane Nanayakkara; Rodrigo Canovas; David Chieng MBBS,
CCDS; Hariharan Sugumar BMBS;
Aleksandr Voskoboinik MBBS, PhD; Liang-Han Ling MBBS, PhD;
Sandeep Prabhu MBBS; Jonathan M. Kalman MBBS, PhD,
FHRS and Peter M. Kistler MBBS, PhD, FHRS

Background: In patients (pts) with recent ischemic stroke, atrial
fibrillation (AF) may be common regardless of the stroke etiology.
Timely diagnosis and intervention may prevent more disabling
recurrent strokes.
Objective: We sought to compare incidence rates of AF, defined
as an episode 2 minutes, between various intermittent
monitoring strategies vs continuous monitoring with an insertable
cardiac monitor (ICM) in pts with strokes attributed to large artery
atherosclerosis (LAA) or small vessel occlusion (SVO).
Methods: The STROKE AF study enrolled pts with a recent
ischemic stroke attributed to LAA or SVO. Included pts were 60
years old (or 50-59 with heart failure, hypertension, diabetes,
prior stroke, or vascular disease) and had no history of AF. Onetime monitoring strategies were simulated by computing the AF
incidence using 1, 2, 7, 14, and 30-day recording periods.
Repeated monitoring strategies (quarterly 24 h, 48 h, 7d, or
monthly 24 h) were simulated over a 1-year period. The initial day
for all simulations was randomly selected 1-14 days after ICM
placement from a uniform distribution. Repeated monitoring
strategies were simulated 10,000 times with mean values and
ranges reported.
Results: We obtained data from 242 pts (age 66.669.3, 60%
male, CHA2DS2-VASc 5.0 [IQR4.0-5.0]). The AF incidence rate
via ICM at 12 months was 11.57%, exceeding the estimated rates
from all forms of modeled intermittent monitoring (range 0.222.55%, p,0.001, Figure).
Conclusion: In the vast majority of LAA/SVO stroke pts, AF
detected via ICMs would go undetected via conventional
intermittent monitoring strategies and therefore these pts may not
be optimally managed for recurrent stroke prevention.

DEVELOPMENT OF THE HARMS2-AF LIFESTYLE RISK
SCORE TO PREDICT INCIDENT AF

Background: Lifestyle risk factors (RFs) are a modifiable target
in atrial fibrillation (AF) management. The relative contribution of
individual lifestyle RFs to the development of AF has not been
described.
Objective: To develop and validate an AF-lifestyle risk score to
identify people at risk of AF in the general population.
Methods: The UK Biobank is a large prospective cohort with
outcomes measured .10 years. Incident AF was based on ICD10 coding. Prior AF was excluded. Regression analysis identified
independent predictors of AF, which were evaluated in a
multivariable model. A weighted score was developed in the
derivation cohort (70% study population) and evaluated in the
validation cohort (remaining 30%). Kaplan-Meier estimates
ascertained the 10-year risk of AF.
Results: The UK Biobank is a large prospective cohort with
outcomes measured .10 years. Incident AF was based on
ICD-10 coding. Prior AF was excluded. Regression analysis
identified independent predictors of AF, which were
evaluated in a multivariable model. A weighted score was
developed in the derivation cohort (70% study population)
and evaluated in the validation cohort (remaining 30%).
Kaplan-Meier estimates ascertained the 10-year risk of
AF.Among 302,926 participants, AF was diagnosed in
16,029 (5.3%) with median time to AF 7.3 years (IQR 4.39.8). Hypertension, sleep apnoea, male sex, age, obesity
(BMI.30kg/m2), alcohol and smoking were predictive
variables (all p,0.001); physical inactivity (OR 1.036, 95%
CI 0.97-1.10, p50.3), diabetes (OR 1.045, 95%CI 0.97-1.12,
p50.2) and overweight (BMI 27-30kg/m2, OR 1.02, 95%CI
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0.971-1.071, p50.424) were not significant. The weighted
HARMS2-AF score (scale 0-14 points, figure 1, top) had
similar predictive performance (AUC50.782 (LogLoss 0.178,
Brier Score 0.046) to the unweighted regression model
(AUC 0.808). A higher HARMS2-AF score (HARMS-AF
score 5) was associated with a significantly higher 10-year
risk of AF development (score 5-9: OR 9.35, score 10-14:
OR 33.34).
Conclusion: The HARMS2-AF score is a novel lifestyle risk
score which may assist in screening for AF in the general
population however further validation studies are required.
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between the two groups. Incident stroke was evaluated as a
primary outcome.
Results: A total of 53,509 patients were included (mean age
72611 years, 53% men; mean CHA2DS2-VASc score 5.561.6).
All patients were prescribed oral anticoagulants. Among the
total study population, 12,455 patients were assigned to the
early rhythm control group (AAD, DCC, and AF catheter ablation
in 99.4%, 8.6%, and 3.9%, respectively), and 41,054 patients
were in the usual care group. During a median 2.6 years (IQR
1.5 to 4.5 years) of follow-up, 4382 patients had an incident
stroke (IR, 2.6 per 100 person-years). Early rhythm control was
associated with a lower risk of recurrent stroke compared to
usual care (hazard ratio, 0.720, 95% confidence interval, 0.6660.779, p,0.001) (Figure). Early rhythm control consistently
showed a lower risk of stroke than usual care regardless of the
characteristics of prior stroke, whether recent, severe, and
disabling stroke or not.
Conclusion: In this large-scale observational cohort study,
early rhythm control within 1 year after AF diagnosis might
be beneficial to prevent recurrent stroke in patients with
incident AF and a history of prior stroke. Integrated care,
including optimal rhythm control with appropriate
anticoagulation, should be considered for patients who had
incident AF and a history of stroke to reduce the risk of
recurrent stroke.

CE-543-03
EARLY RHYTHM CONTROL IN PATIENTS WITH INCIDENT
ATRIAL FIBRILLATION WHO HAD A PRIOR HISTORY OF
STROKE: A NATIONWIDE POPULATION-BASED COHORT
STUDY
So-Ryoung Lee MD; Eue-Keun Choi MD, PhD; Seil Oh MD, PhD,
FHRS and Gregory Lip MD
Background: Early rhythm control therapy has been
demonstrated to be associated with a lower risk of stroke
compared to usual care in patients with atrial fibrillation (AF).
However, there are limited data regarding the benefit of early
rhythm control therapy for secondary prevention for stroke in
patients with AF.
Objective: To compare the risk of recurrent stroke between early
rhythm control therapy and usual care in patients with new-onset
AF and a history of prior stroke.
Methods: Using the Korean nationwide claims database, we
identified patients who were newly diagnosed as AF and had a
history of prior stroke. Patients who received rhythm control
therapy, including antiarrhythmic drug (AAD), direct current
cardioversion (DCC), or AF catheter ablation, within 1 year after
incident AF were defined as the early rhythm control group,
otherwise as the usual care group. The propensity score
weighting method was used to balance baseline characteristics

CE-543-04
INTER-ATRIAL BLOCK IDENTIFIES PATIENTS WITH LOW
CHA2DS2-VASC SCORE BUT HIGH STROKE RISK
Joshua Lampert MD; Shreyas Havaldar; David Power MB BCh;
Marc A. Miller MD; Abhishek Maan MBBS; Kartikeya Menon BA;
Emmanuel Ekanem MD; Jonathan Gandhi MD;
Daniel N. Pugliese MD; Daniel Ross Musikantow MD;
Mohit K. Turagam MD; Valentin Fuster MD, PhD;
Srinivas R. Dukkipati MD, FHRS; Benjamin Glicksberg PhD and
Vivek Y. Reddy MD
Background: Beyond current methods of risk stratification,
clinical studies employing machine learning methodology have
demonstrated that the 12-lead ECG harbors additional
prognostic information for various cardiovascular outcomes.
Interatrial block (IAB) manifests as P wave duration .120 msec
and is associated with thromboembolism, atrial arrhythmias, and
mortality.
Objective: To define in a large cohort of patients the
prognostic significance of IAB, and to assess if IAB
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provides incremental prognostic value to the CHA2DS2-Vasc
score.
Methods: We performed a multicenter (5 hospitals in a single
health system) retrospective analysis of 4,837,989 12-lead
ECGs, obtained from 1,228,291 pts. IAB was defined as a P wave
duration .120msec in leads II, III, or aVF. Measurements were
extracted as Extensible Markup Language (.xml) files from the
GE MUSE system. After excluding pts without at least 1 year
follow up from 2015 onward, or pts with AF diagnosed prior to the
first ECG with IAB, there remained 241,450 pts with 945,837
ECGs. Outcomes included AF or flutter, CHF, MACE, stroke or
systemic embolism, MI, hospitalization, and death at 1,000 day
follow up.
Results: The cohort (M/F 5 61.3% / 48.7%) consisted of
59,886 pts with IAB and 179,052 pts without IAB. Of IAB
patients, 56.1% were men. During follow-up, the IAB group
had a greater prevalence of hospitalization (35.7% vs 28.7%),
MACE (9.9% vs 3.7%), AF (6.8% vs 3.3%), CHF (6.3% vs
1.9%), stroke (5.1% vs 2.9%), arterial thromboembolism (3.4%
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Vasc 2 had worse stroke outcomes (OR 1.5, 95% CI 1.391.52, P,0.001).
Conclusion: IAB is associated with adverse cardiovascular
outcomes and is an independent predictor of stroke, even after
adjustment for AF and CHA2DS2-Vasc score. This study provides
equipoise for further investigation into whether anticoagulation
may be beneficial in patients with AF and IAB without other risk
modifiers.

ABSTRACT EN-728:
Towards Health Equity, presented by HRS DEI
Sunday, May 1, 2022
10:30 AM - 11:30 AM

EN-728-01
RACIAL AND ETHNIC INEQUITIES IN ORAL
ANTICOAGULATION AND ASSOCIATED OUTCOMES FOR
PATIENTS WITH ATRIAL FIBRILLATION - THE GET WITH
THE GUIDELINES ATRIAL FIBRILLATION REGISTRY
Utibe R. Essien; Lisa Kaltenbach; Tracy Wang;
Gregg C. Fonarow; Kevin Thomas; Mintu P. Turakhia;
Emelia J. Benjamin; Fatima Rodriguez; Margaret Fang;
Jared Magnani and Jonathan P. Piccini

vs 1.8%), MI (1.5% vs 0.5%) and death (0.5% vs 0.2%)
compared to the group without IAB. Despite having fewer
women (43.7% vs 53.7%), the IAB group had a higher mean
CHA2DS2-Vasc score (1.3 vs 1.2) than the group without IAB.
Even after adjustment for baseline variables, AF, and
CHA2DS2-Vasc score 2, IAB independently predicted stroke
during follow up. Patients who had both IAB and CHA2DS2-

Background: Oral anticoagulation (OAC) is under-prescribed in
racial/ethnic minority patients with atrial fibrillation (AF). Little is
known of how OAC rates differ in hospitalized patients with AF
and how differential prescribing relates to inequities in AF
outcomes.
Objective: We compared OAC initiation and AF-related
outcomes by race/ethnicity in Get With The Guidelines-AFib, a
national quality improvement initiative for hospitalized AF
patients.
Methods: Our primary outcome was the presence of OAC at
discharge by race/ethnicity. We used Medicare linkage data to
assess our secondary outcome of ischemic stroke, bleeding, or
all-cause mortality at 1-year post-discharge by race/ethnicity. We
used multivariable adjusted logistic regression with GEE to
model the odds of our primary outcome and Cox proportional
hazards regression with robust variance estimation to model
secondary outcomes. Individuals with missing race/ethnicity
(3.6%) were excluded from the analysis.
Results: Among 69,553 patients hospitalized with AF from 159
sites between 2014-2020, 85.6% were White, 7.3% Black, 5.8%
Hispanic and 1.2% Asian patients. Overall, 48.8% were women;
mean age was 68.6 years; mean CHADS2VA2Sc score was 3.8.
Overall, 56,385 (78.5%) were discharged on any OAC. Black
patients, adjusted odds ratio [aOR] 0.75; 95% CI 0.67- 0.84, were
less likely than White patients to be discharged on any OAC
(Table 1). Black patients discharged on OAC were less likely to
receive direct oral anticoagulants (DOACs) vs. warfarin (aOR
0.82; 95% CI 0.65-0.96). At 1 year, bleeding (aOR 2.08; 95% CI
1.5-2.8) and stroke (aOR 2.07; 95% CI 1.34-3.20) rates were
higher in Black than White patients (Table 2). Hispanic patients
also had higher stroke rates (aOR 2.02; 95% CI 1.38-2.95).
Mortality rates were higher in Black than White patients (aOR
1.22; 95% CI 1.02-1.47).
Conclusion: In a national registry of patients hospitalized with
AF, Black compared to White patients were less likely to be
discharged on OAC. Black patients also had higher rates of
AF-related outcomes including stroke (also in Hispanic patients),
bleeding, and mortality. Understanding the drivers of racial/ethnic
differences in OAC prescribing, such as the higher cost of
DOACs vs. warfarin, will help guide interventions to reduce OAC
inequities and improve AF outcomes.
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Identifying and addressing barriers for women and URM applying
for CVD and CCEP training will be paramount to increase
representation.

EN-728-03
EN-728-02
QUANTIFICATION OF WOMEN AND UNDERREPRESENTED MINORITY APPLICANTS TO CLINICAL
CARDIAC ELECTROPHYSIOLOGY FELLOWSHIP
Uyanga Batnyam; David Chang; Jim W. Cheung; Jose A. Joglar;
James P. Daubert; James P. Daubert and Usha B. Tedrow
Background: Prior to the institution of the Match, there have
been no reliable data available regarding how many women or
under-represented minority (URM) applicants for clinical cardiac
electrophysiology (CCEP) fellowship there are in the United
States.
Objective: To present the available data on women and URM
CCEP applicants.
Methods: We reviewed three years (2019 - 2021) of ERAS data
for CCEP fellowship applicants and their corresponding years for
cardiovascular disease (CVD) fellowship. These data represent
the applicants, and not the matched fellowship matriculants.
Results: Overall, 5-6% of the pool of CVD fellows chose CCEP in
years 2016-2018 (Figure, Panel A). Women comprised 13-15%
of that group and self-identified URM applicants comprised 710%. While there was a numerical increase in the absolute
number of women applicants applying for CCEP fellowship
(Figure, Panel B), this was not a statistically significant increase
given the overall size of the applicant pool (P for trend 5 NS). The
proportion of URM groups applying for CCEP fellowship was
even lower. There were only 4 (3%), 6 (5%) and 4 (3%) selfidentified Black or African American CCEP applicants in 2019,
2020 and 2021, respectively. Similarly, there were only 5 (4%), 6
(5%) and 7 (5%) self-identified Hispanic, Latino, or Spanish origin
CCEP applicants in 2019, 2020 and 2021, respectively (Figure,
Panel C). This trend starts early at CVD application level as
women and URM CVD applicants comprised 21% and 10% in
2016, 24% and 9% in 2017, and 23% and 9% in 2018. (P for trend
5 NS in all above).
Conclusion: The number of women and URM applicants for
CCEP is low with no increase observed between 2019 and 2021.

A WIDENING DIGITAL DIVIDE: UTILIZATION OF VIRTUAL
VISITS IS REDUCED OVER TIME FOR BLACK AND
HISPANIC COMMUNITIES
Katherine Sauer; David Chang; Omar Kreidieh; Amy Leigh Miller;
Usha B. Tedrow; Paul C. Zei; Thomas M. Tadros; Sunil Kapur;
Melanie Maytin; Uyanga Batnyam; Esseim Sharma;
Clinton J. Thurber; John Whitaker; Julie B. Shea;
Nathaniel Steiger; Kenneth Comeiro; Lauren Ashley Rousseau;
Tiffany Andrade; David T. Martin; Jorge Romero; Lindsay Harris;
Patrice Hoskins; William H. Sauer and Bruce A. Koplan
Background: Social distancing restrictions resulted in increased
utilization of virtual visits (VVs) for arrhythmia care in 2020. Over
time, there has been a return to in-person visits (IPVs); however,
utilization of VVs may continue to offer advantages for patients.
Objective: To assess characteristics of patients durably adopting
virtual care.
Methods: All appointments in our arrhythmia clinics from March
2020 through November 2021 were analyzed. Completed
appointments by EP providers were categorized as VV or IPV. The
VV rate was calculated as number of VVs divided by total Visits
(IPVs and VVs). Pt characteristics collected included self-identified
race and ethnicity as well as age, gender, and insurance status. We
compared VV rates amongst patients of different ethnicity, race,
and insurance status. We also assessed enrollment in an internetbased patient portal that interfaces with the electronic medical
record (EMR) and allows for communication with providers.
Results: A total of 6,084 VVs and 10,942 IPVs were included in
the analysis. In 2020, 3,550 VVs comprised the majority (52.8%
of 6,723) of all outpatient visits, whereas in 2021, this proportion
dropped to 24.6% (2,534/10,303) as IPVs became more
common. The largest reduction in VV utilization was amongst
Black patients (65.2% reduction to a 19% VV rate) followed by
Hispanics (62.3% reduction to a 15.8% VV rate). Both groups had
a significantly reduced VV utilization rate compared to others in
2021 (P,0.01). There was no significant difference in VV rates
for underinsured patients in 2020 or 2021, indicating social but
not economic influence on telehealth adoption. Enrollment in the
EMR patient portal during the study period was significantly
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reduced for Black and Hispanic patients (67.4% and 63.1% vs
80.6%; P,0.01) but did not significantly change over time.
Conclusion: There was a large reduction in the overall use of
VVs for arrhythmia care from 2020 to 2021. The largest
reductions in VV utilization were observed in the Black and
Hispanic communities, where digital health resources appeared
to be underutilized.
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ABSTRACT AP-519:
After ablation: Advancing our approach to Afib
patient care
Sunday, May 1, 2022
1:00 PM - 2:00 PM

AP-519-01
A MULTIDISCIPLINARY APPROACH TO SAME DAY
DISCHARGE OF PATIENTS POST ATRIAL FIBRILLATION
ABLATION
Alanna Miller MSN, CRNP; Kimberly Leotta MSN, CRNP;
Todd Mendelson MD and Benjamin Dsouza MD, FACC, FHRS

EN-728-04
: USE OF ARTIFICIAL INTELLIGENCE (AI) TO IDENTIFY
PATIENTS AT RISK FOR SUDDEN CARDIAC ARREST (SCA)
ADDRESSING HEALTHCARE DISPARITIES
Douglas Steven Beinborn and Logan Brigman
Background: Estimated 356,0001 experience Sudden Cardiac
Arrest (SCA) annually in US. SCA often associated with signs of
low EF, heart failure, myocardial infarction. Published data shows
85% of individuals meeting AHA/ACC/AHA guidelines do not
receive a device implant.2 Population largely underserved due to
barriers including: f Patients’ primary care provider is engaged
outside of EP/Cardiology practice f Providers not understanding
HRS/ACC/AHA guidelines f Patients lost to follow-up during 40& 90-day waiting periods
Objective: Reduce deaths, hospitalizations, and suffering , use
artificial intelligence to identify patients at risk proper EP
consultation, assist hospitals to meet clinical guidelines,
appropriate use, and healthcare disparities
Methods: Through utilization Mpirik’s Cardiac IntelligenceÒ
software, cardiovascular reports and clinician free text notes
aids to identify patients with characteristics of SCA risk
without appropriate consultation. Through the Cardiac
IntelligenceÒ real-time platform, clinicians can view patient
populations, manage identified patients with the purpose of
eliminating undertreatment, and receive automated alert
notifications on patients identified with no appropriate
follow-up plan.
Results: During 60-day period, 4,042 patients underwent
cardiac function evaluation at a single site. Patients identified at
risk for SCA was 176 (4.35%), of those patient patients 38
(21.6%) did not have appropriate follow-up. This equates to 228
primary prevention ICD patients annually.
Conclusion: Utilization of artificial intelligence shows clear early
value in identifying patients at risk for SCA. Cardiac Intelligence’s
EMR agnostic platform promises creative options to address
healthcare disparities. For 2022, a minimum of 7 medical
institutions will be fully operational and authors will provide further
detail and impact.

Background: The COVID-19 pandemic created an increased
need for inpatient hospital beds. This need along with advances
in AF ablation technology led us to develop a program to
discharge patients the same day as their AF ablation.
Objective: To develop and implement a protocol to allow safe
Same Day Discharge (SDD) of eligible patients after AF ablation.
Methods: A multi-disciplinary team of providers and nurses
developed an institutional-wide protocol to identify patients for
safe SDD. Eligibility was based on comorbidities, home support,
and distance from hospital. Adjusted procedural workflow
included use of vascular closure devices to decrease bedrest
time, avoidance of urinary catheters, and careful monitoring of
volume status. A post discharge automated call system was
developed to trigger nurse-level outreach to identify and treat
potential post-operative complications. A retrospective analysis
was performed to review enrollment and complications to ensure
safety of the program.
Results: SDD for AF ablation was performed in 113 patients in
2020. There was 1 complication in the immediate post-op
period due to traumatic foley insertion, 1 visit to urgent care for
pericarditis, and 1 hospital readmission within 30 days due to
volume overload; a total complication rate of 2.7%. There was
no mortality observed and no major complications. Average
general anesthesia time was 168.7 +/- 58.5min and average
procedural time (vascular access to reversal) was 105.6 +/53.1 min.
Conclusion: A safe and effective same day discharge
program was developed for patients undergoing AF ablation
by a multidisciplinary team. This program resulted in improved
patient satisfaction and had favorable impacts on healthcare
utilization.
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AP-519-02

Tina C. Sichrovsky MD, FHRS; Dan L. Musat MD and
Suneet Mittal MD, FHRS

THERE’S NO PLACE LIKE HOME: PROTOCOLIZED SAME
DAY DISCHARGE AFTER ATRIAL FIBRILLATION
ABLATION OVERSEEN BY ALLIED HEALTH
PROFESSIONALS IS ASSOCIATED WITH IMPROVED
SUCCESS AND EFFICIENCY OVER TIME

Background: Obstructive sleep apnea (OSA) is a risk factor for
atrial fibrillation (AF). Previous data have suggested that
treatment of OSA improves freedom from recurrent AF following
catheter ablation. However, these studies have not used
continuous long-term ECG monitoring to objectively identify AF.
Objective: To determine the frequency and burden of AF using
an implantable loop recorder (ILR) in patients with OSA
prescribed continuous positive airway pressure (CPAP) therapy
who underwent catheter ablation.
Methods: We enrolled consecutive patients with AF and OSA
who were prescribed CPAP therapy. All patients underwent
catheter ablation and had an ILR. OSA severity was defined by
the apnea-hypopnea index (AHI). AF frequency and burden were
adjudicated via the ILR.
Results: The cohort included 78 patients (66 6 8 years, 67%
male, 51% paroxysmal AF, CHA2DS2-VASc 2.8 6 1.7). Mild,
moderate, and severe sleep apnea was present in 40 (51%), 21
(27%), and 17 (22%) patients, respectively. There was no
difference in AF burden between the 3 groups. The CPAP was
used by 51 (65%) patients; these patients had a higher AHI than
patients not using CPAP (24611 vs. 14611, p50.001). During a
follow-up of 886 6 495 days, AF recurred in 60 (77%) patients
with an overall burden of 1.87% [0.06, 6.61]. Irrespective of OSA
severity, CPAP use was not associated with a reduction in AF
burden (Figure).
Conclusion: Using objective data from an ILR, we found no
difference in AF burden based on OSA severity. Also, we could
not demonstrate any favorable impact of CPAP therapy,
irrespective of OSA severity, on AF burden during nearly 2.5
years of follow-up following catheter ablation. These data
highlight the need for a randomized clinical trial in these patients.

Lauren Ashley Rousseau PAC, CCDS; Megan E. Brady PAC;
Laurel M. Taylor PA, PAC; Tiffany Andrade MS;
Nicole Bourque BS, MS, PAC; Laura Ann Sifrig PAC;
Patrice Hoskins PA; Morgan Turner PAC; Uyanga Batnyam MD;
David Chang MD; Esseim Sharma MD; Sunil Kapur MD;
Thomas M. Tadros MD, MPH; Usha B. Tedrow MD, MS, FHRS;
Paul C. Zei MD, PhD, FHRS; William H. Sauer MD, FHRS, CCDS
and Bruce A. Koplan MD, MPH, FHRS
Background: Same day discharge (SDD) after atrial fibrillation
ablation (AF Abl) may be associated with improved patient
satisfaction and reduced hospital resource utilization. As this new
care strategy is incorporated, it is important to understand factors
associated with success and safety.
Objective: We sought to determine the improvement of success
rate in intended SDD after AF Abl over time, along with an
evaluation of the benefits and safety of this strategy.
Methods: All patients (pts) undergoing AF Abl at a single site
from 12/2020-11/2021 were considered eligible for SDD.
Eligibility was protocolized by the Allied Health Professionals
(AHPs) and included case completion by 2pm, companion to stay
overnight, AHP assessment and next day virtual telehealth visit
by AHP. Comparisons within SDD pts and with non-SDD AF Abl
pts was performed to explore SDD pt characteristics and
predictors of success over time.
Results: From 12/2020-11/2021, 602 pts underwent AF Abl
(mean Age 64+/-12; 35% female). In the first 1/3rd of AF Abl
(Group 1, n5200), SDD was successful in 34/53 (64.2%)
intended SDD pts, vs. 94/111 (84.7%) in the subsequent 402
pts (Group 2) (p,0.01). Failure of SDD was most often due to
vascular access management (n515) and urinary retention
(n57). Compared to the total intended SDD (n5164), patients
not deemed eligible for SDD (n5438) were older (66 vs. 61yrs;
p,0.01), had greater BMI (29 vs. 28), and higher CHADsVASc (2.4 vs. 1.8;) (p,.05 for all). Furthermore, of all AF Abl,
more pts underwent SDD in Group 2 (94/402, 23.4%) than
Group 1 (34/200, 17%). The later cohort of intended SDD had
older age (63 vs. 57, p5.05). Total time from pt arrival to SDD
also improved from 12.9 hrs to 12.0 hrs (Grp1 vs. Grp2).
Readmission for adverse events (AE) occurred in 2/128 SDD
(1.6%) vs. 8/474 (1.7%) non-SDD (p5ns). The AE rate was
similar in Grp1 (1/34, 2.9%) vs. Grp2 (1/94, 1.1%) (p5ns).
Conclusion: An AF Abl SDD program overseen by AHPs can be
performed with increasing success, increasing patient eligibility
and efficiency over time. Allied Health Professional resource
utilization and further process improvements are essential to this
important care strategy.

AP-519-03
IMPACT OF TREATMENT OF OBSTRUCTIVE SLEEP APNEA
USING CONTINUOUS POSITIVE AIRWAY PRESSURE ON
ATRIAL FIBRILLATION BURDEN FOLLOWING CATHETER
ABLATION: INSIGHTS FROM LONG-TERM ECG
MONITORING
Matthew T. Saberito MS; Nicolle Sara Milstein MS;
Jeannean Hernandez CRAT; Adrian Musat;
Carissa Rose Pistilli MSN; Nicole DeBonte; Advay G. Bhatt MD,
FHRS; Mohammadali Habibi MD; Mark W. Preminger MD;

AP-519-04
DEVELOPMENT OF THE ATRIAL FIBRILLATION
“BEHAVIORAL CHA2DS2-VASC” IN
ELECTROPHYSIOLOGY CLINICS
Scarlett Anthony MA; Rebecca Harrell BA; Saleen Khan MD;
Yumi Ha; Ahmed Hassaan Qavi MD; Irion W. Pursell BSN, RN;
Aditi Naniwadekar MD; Kevin Travia; Matthew Whited PhD and
Samuel F. Sears PhD
Background: AF etiology, recurrence, and burden are influenced
by both modifiable and non-modifiable risk factors spanning
biological, behavioral, and demographic factors. There is
increased interest in understanding and measuring behavioral
risk factors (e.g., alcohol, sedentariness, smoking) associated
with AF, to reduce stroke risk. An efficient measure of lifestyle
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factors in AF would allow for rapid clinical assessment and
appropriate patient education and referral.
Objective: This study aimed to develop a risk factor score to
assess health behaviors among AF patients from physician and
patient perspectives. The differences among physician and
patient reported risk were evaluated to determine potential gaps
in patient and provider communication.
Methods: At the East Carolina Heart Institute and University of
Arkansas for Medical Sciences, patients completed the East
Carolina University AF Behavioral Risk Factor Assessment
System. This comprehensive battery assessed for AF symptoms,
American Heart Association’s Life’s Simple 7, and associated AF
specific behavioral risk factors as reported by patient and clinical
cardiologist.
Results: 110 patients were enrolled in the study. Mean (SD) age
of patients was 69 (10.18) years, 38.2% of the sample was female
(n 5 42), and most patients identified as White (71.8%) or Black
(26.4%). Of all patients enrolled, no patients received a risk factor
score of “0,” indicating that all patients had at least one potentially
manageable AF risk factor. The total risk factor scores from both
the patient (M 5 9.39, SD 5 3.82, range 5 2-19) and the provider
(M 5 9.94, SD 5 3.37, range 5 2-18) were calculated. The
patient and provider scores were found to be statistically different,
p 5 .04. Approximately half of our sample had a BMI greater than
30 kg/m2, two-thirds of the sample maintaining a poor diet, and
only one-fourth of the sample reported engaging in weekly
physical activity recommendations.
Conclusion: AF patients in two university clinics demonstrated
high rates of lifestyle burden potential for risk factor management.
The AF behavioral risk score can provide a “behavioral
CHA2DS2-VASc” that proved successful at providing an efficient
risk score. Behavioral risk assessment should be integrated into
routine cardiac care for a patient-centric approach to AF
management.

by selective PV angiographies. 3D voltage mapping of the left
atrium was performed before and after PVI.
Results: A total of 110 patients (mean age 67612 years, 62%
male, 61% persistent AF) were included. PVI was achieved in all
patients by deploying 3567 applications in 435 PVs (8.463.1 per
vein). Disappearance of PV signals after the first of eight
applications was demonstrated in 433/435 PVs (99%). More than
eight PFA applications were applied in 23/435 PVs (0.5%) due to
difficulties in positioning (3x left superior PV, 7x right superior PV,
7x right inferior PV) or due to reconnection after remapping (2x
LIPV, 3x RSPV, 1x RIPV). Mean procedure time was 81623
minutes including pre- and post PVI high-density voltage
mapping. PF catheter left atrial dwell-time was 27610 min. Left
atrial dwell-time reduced from 40 to 24 min during the first 50
procedures at UHZ. Total fluoroscopy time was 16.669.2
minutes with a dose area product of 749679 cGy*cm2. One
pericardial tamponade occurred independent of PFA applications
and two minor groin complications. No other complications
occurred, especially no phrenic nerve palsy, stroke, hemoptysis,
atrio-oesophageal fistula or acute symptomatic PV stenosis.
Conclusion: In this multi-center real world setting, pulsed field
ablation achieves effective pulmonary vein isolation with low
complication rates.

ABSTRACT CA-536:
Acute and Long-Term Outcomes after Pulsed Field
Ablation for the Treatment of Atrial Fibrillation

Background: Catether ablation of atrial fibrillation (AF) using
thermal energies such as radiofreqency or cryothermy is
associated with indiscriminate tissue destruction. Pulsed field
ablation (PFA) with adapted sub-second electric - fields create
pores in cell membranes - caused irreversible electroporation.
Analysis conteined FarawaveÔ catheter PFA in single center
high-volume center.
Objective: To evaluate a novel, focal PFA catheter in real clinical
practise for catheter ablation paroxysmal and persistent AF.
Methods: Ablation was perfoermed using proprietary biphasic
bipolar PFA waveform with in two diferent configurations: basket
and flower for PV isolation (in 2+2 after rotating strategy) and
flower for posterior wall ablation. In the case of posterior wall
ablation we nevigate the catheter by integration of CT and
fluoroscopy system. The index procedure was performed in deep
sedation,intravenous atropin was administered prior PFA
application.
Results: 179 patients (118 M/ 61 F), average age was
63,2 610,9 years; BMI 28,96 4,4 underwent procedure for
paroxysmal AF (145 pts) and for persistent AF (34 pts). All PVs
were acutely isolated with PFA  4,2 min elapsed delivery/
patient, skin-to-skin procedure time for paroxysmal AF was
26,8 6 8,9 min and fluoroscopy time of 7,1165,4 min. For
persistent AF skin-to-skin procedure time was 53,3617,2 min
and fluoroscopy time was 7,464,9 min. There were no significant
adverse event: including phrenic nerve and esophageal injury,
PV stenosis. During mean 3,6 months follow-up the freedom from
arrhythmia was 98.1 + 4,8 % by repeated Holters and ECGs.
Conclusion: In these very first real clinical series of patients when
PFA was used for the patients out of clinical studies, FarawaveÔ
catheter proved very high effectivity allowing to facilitate ultra-rapid
ablation procedure with excellent durability and safety.

Sunday, May 1, 2022
1:00 PM - 2:00 PM

CA-536-01
PULSED-FIELD ABLATION BASED PULMONARY VEIN
ISOLATION: ACUTE SAFETY AND EFFICACY IN A MULTICENTER REAL WORLD SCENARIO
Marc D. Lemoine MD; Thomas Fink; Celine Mencke;
Ruben Schleberger MD; Ilaria My; Laura Rottner;
Julius Obergassel; Paula Muenkler MD; Leonard Bergau;
Fabian Moser MD; Julia Moser MD; Leon Dinshaw;
Bruno Reissmann; Feifan Ouyang MD; Paulus Kirchhof MD;
Philipp Sommer MD, FHRS; Andreas Rillig MD;
Christian Sohns MD and Andreas Metzner MD
Background: Pulsed-field ablation (PFA) is a new energy source
to perform pulmonary vein isolation (PVI) by targeted
electroporation of cardiomyocytes. Integrated into a single-shot
device, PFA has the potential to increase efficacy and safety of
PVI compared to thermal energy sources.
Objective: To assess feasibility, efficacy and safety of PFA for
index PVI in a multi-center real world setting.
Methods: Consecutive patients with symptomatic paroxysmal or
persistent atrial fibrillation (AF) underwent PVI using the PFA
ablation catheter (FarawaveÒ, Farapulse Inc, Menlo Park, CA,
USA) at two high-volume ablation centers. The left atrium was
accessed by a single transseptal puncture and PVs were located

CA-536-02
PULSED FIELD ABLATION FOR PAROXYSMAL AND
PERSISTENT ATRIAL FIBRILLATION USING AN OPTIMIZED
BIPHASIC WAVEFORM: REAL CLINICAL DATA FROM
SINGLE CENTER
Petr Neuzil MD; Jan Petru MD; Jan Skoda;
Moritoshi Funasako MD, PhD; Lucie Sediva MD; Milan Chovanec;
Pavel Hala; Pavel Hala MD; Stepan Kralovec MD and
Vivek Y. Reddy MD
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Data at re-ablation was available for 6 of the 7 patients: 1 patient
had 2 PVs reconnected, 3 patients had 1 PV reconnected, and 2
patients had durable PVI.
Conclusion: In this long-term (3 years) evaluation of PFA, there
were no untoward late safety events, and efficacy appears to
remain good. During redo procedures, patients initially receiving
the optimized PFA waveform retained durable PVI, while the
patients receiving the earlier waveforms had a higher rate of PV
reconnections.

CA-536-03
FIRST REPORT OF LONG-TERM (3-YEAR) CLINICAL
OUTCOMES IN PATIENTS TREATED WITH PULSED FIELD
ABLATION FOR PAROXYSMAL ATRIAL FIBRILLATION
Daniel N. Pugliese MD MSc; Petr Neuzil MD; Pierre Jais MD;
Ante Anic; Jan Petru MD; Ivan Sikiric; Moritoshi Funasako MD,
PhD; Hubert Cochet MD, PhD; Toni Breskovic; Milan Chovanec;
Srinivas R. Dukkipati MD, FHRS; Jacob S. Koruth MBBS, MD and
Vivek Y. Reddy MD
Background: Pulsed field ablation (PFA) has gained
prominence due to its enhanced safety profile, durable
pulmonary vein isolation (PVI), and high 1-year rates of freedom
from recurrent paroxysmal AF. However, the long-term (beyond 1
year) safety and efficacy outcomes of PFA in paroxysmal patients
remains unknown.
Objective: To assess 3-year clinical safety and efficacy
outcomes of PFA for paroxysmal AF.
Methods: In 3 multicenter trials (IMPULSE - NCT03714178,
PEFCAT - NCT03714178, PEFCAT2 - NCT04170608), of similar
design and utilizing a multielectrode penta-spline PFA catheter
(Farawave, Farapulse Inc; Figure 1), paroxysmal AF patients
underwent PVI. A protocol-driven remapping procedure at 2-3
months assessed PVI durability, and standardized rhythm
monitoring to 1 year. Following study exit, patients returned to
institutional standard-of-care monitoring. At a recent timepoint,
7-day Holter monitors and symptom and safety assessments were
performed.
Results: The overall patient cohort included 121 patients
enrolled at 3 centers. Long-term safety data is available for 112 of
121 patients, with follow-up of 1049 6 205 days. Patients had no
long-term ablation-related adverse events - including no deaths
(1 patient had a brain tumor treated with radiation). Long-term
efficacy data is available for 81 of 121 patients, with follow-up to
11166193 days. Repeat catheter ablation after the 1 year time
point was performed on 10 of 78 (12.8%) patients. The mean time
to re-ablation was 9346269 days. Of these 10 patients, 3 patients
had initially received the optimized PFA waveform at the index
procedure - all PVs had remained isolated at both the protocolmandated remapping procedure, as well as at the late re-ablation
procedure. The remaining 7 patients had initially received the
index PVI procedure with an early version of the PFA waveforms.

CA-536-04
SIX-MONTH FOLLOW-UP OF FIRST REAL-WORLD
EXPERIENCE WITH PULMONARY VEIN ISOLATION USING
PULSED FIELD ABLATION FOR PAROXYSMAL ATRIAL
FIBRILLATION
€ wel MD;
Anna Fu€ ting MD; Nico Reinsch MD; Dennis Ho
Lenny Brokkaar MD; Gilbert Rahe MD and Kars Neven MD, PhD
Background: Catheter ablation for AF using thermal energy can
cause collateral damage. Pulsed field ablation (PFA) is a novel
nonthermal energy source. Only a few small clinical studies have
been published.
Objective: We report on the first ,real-world“ experience with 6month follow-up with PVI with PFA for paroxysmal AF.
Methods: Pre and post ablation, phrenic nerve function was
assessed. A high-density LA bipolar voltage map was created. All
PVs were individually isolated using a steerable sheath and a
pentaspline over-the-wire PFA catheter. After ablation, mapping
was repeated to assess lesion formation. Patients had a
scheduled follow-up visit at days 30, 90 and 180 after ablation.
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Results: In 30 patients (age 63 years, 47% male), uncomplicated
PFA was performed, with all PVs acutely isolated. Skin-to-skin
procedure time was 120621 min. Total LA dwell time was
109622 min. LA dwell time of the PFA catheter was 31612 min.
Fluoroscopy time was 2367 min. Dose-area product was
4.9663.54 Gy.cm2. Number of applications per patient until
complete PVI was 3261. In 1 patient with roof dependent flutter, a
roof line was intentionally created with 8 additional applications.
In 2 patients, unintentional bidirectional mitral isthmus block was
created. In 10 patients, temporary pacing due to vagal
bradycardia after LSPV ablation was needed. There was no
phrenic nerve palsy. In 1 patient who had repeated, difficult CScatheter placement, 6 hours after the procedure a cardiac
tamponade with uncomplicated pericardial drainage of 250 ml
blood occurred. Further in-hospital stay was uneventful, on day 2
all patients were discharged in SR. On day 30, all patients were
free of complaints and there were no groin complaints. 29
Patients were in SR, 1 patient had a cardioversion because of
asymptomatic AT with 4:1 conduction. On day 90, 27 (90%)
patients were in SR, 3 patients had AF/AT recurrence. During
redo LA procedure, 2 patients with isolated PVs had inducable LA
macro-reentrant tachycardia (1 roof and 1 mitral isthmus
dependent) and 1 patient had LIPV reconduction. All 3 patients
had uncomplicated RF ablation. On day 180, all 30 patients were
off anti-arrhythmic drugs and in SR.
Conclusion: PVI using PFA for paroxysmal AF in a ,real-world“
setting is safe and feasible. Post-ablation clinical course and 6month follow-up are favorable.
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0.05 ms, and output of 1 V/kg (,70V) both in sinus rhythm and
during atrial pacing. Substantial reduction of response to ECVS
was arbitrarily defined as a maximum induced pause of ,1.5
seconds.
Results: At baseline, physiological response to ECVS (long
sinus arrest and/or AV block) was demonstrated. After PVI, a
substantial reduction of SAN response was observed in 21/24
(88%) patients after thermal PVI and 7/25 (25%) patients after
non-thermal PVI (P 5 0.0001). Similarly, a substantial reduction
of AVN response was observed in 21/24 (88%) patients after
thermal PVI and 9/25 (36%) patients after non-thermal PVI (P 5
0.0003). The Figure shows on the continuous scale the post-PVI
pauses in sinus rhythm (maximum P-P interval) and atrial pacing
(maximum R-R interval) induced by ECVS.
Conclusion: Vagal responses of SAN and AVN are preserved in
most AF patients after non-thermal PVI. This contrasts with the
much stronger effect of thermal PVI. Whether this may influence
the clinical outcome of AF ablation procedures remains to be
investigated in future studies.

ABSTRACT CA-537:
A Critical Appraisal of Tools for Improving Success
or Safety of Atrial Fibrillation Ablation
Sunday, May 1, 2022
2:15 PM - 3:15 PM

CA-537-01
ACUTE CHANGE OF CARDIAC AUTONOMIC
REGULATIONS AFTER THERMAL AND NON-THERMAL
PULMONARY VEIN ABLATION
Predrag Stojadinovic MD; Dan Wichterle MD, PhD;
Petr Peichl MD, PhD; Robert Cihak MD, PhD; Helena Jansova;
Vojtech Nejedlo; Jana Haskova and Josef Kautzner MD, PhD
Background: Pulmonary vein isolation (PVI) by thermal energy
(radiofrequency energy or cryoenergy) results in collateral
ganglionic plexi ablation. On the contrary, pulsed electric field
(PEF) energy presumably spares neural tissue.
Objective: We investigated and compared the effect of PVI on
parasympathetic input into the sinus node (SAN) and AV node
(AVN) when four different ablation strategies were used.
Methods: A study enrolled 49 patients who underwent PVI in
general anesthesia (age: 57 6 13 years, 71% males). In 17
patients, point-by-point radiofrequency energy delivery by the
irritated-tip catheter was used for ablation while 7 patients were
ablated using a second-generation cryoballoon catheter. In 7
patients, PEF energy was delivered using a single-shot Farawave
catheter (Boston Scientific) while 18 patients were ablated using
Sphere9 lattice-tip catheter (Affera, Inc.); both subgroups with
manufacturer-specific PEF settings. Before and after PVI, the
responsiveness of the SAN and AVN was assessed by
extracardiac vagal nerve stimulation (ECVS) via a diagnostic
catheter in the right internal jugular vein. Five-second stimulation
trains were delivered with a frequency of 50 Hz, pulse width of

CA-537-02
MARKED DISCREPANCY IN LEFT ATRIAL LATE
GADOLINIUM ENHANCMENT QUANTIFICATION BETWEEN
TWO COMMONLY USED TECHNIQUES
Haseeb Valli MBBS, MRCP, Ph.D; Vennela Boyalla MBBS;
Emily-Jane Cantor MBChB; Omar Hatem Mohamed Amin
Riad MBChB, PhD; Rui Shi MD, PhD; Iain Sim MBBS;
Zhong Chen MBS, MRCP, Ph.D; Wajid Hussain MD;
Julian W.E. Jarman MBBS; David Gareth Jones MBBS, MD;
Vias Markides MBBS, MD; Raad Mohiaddin; Tom Wong and
Shouvik Haldar MBBS, MD
Background: Left atrial (LA) fibrosis, estimated by late
gadolinium enhancement (LGE) on cardiac magnetic resonance
imaging (CMR), is a predictor of recurrent atrial fibrillation (AF)
following catheter ablation. The two prevailing techniques for
identification of LA LGE at present are 1) image intensity ratio
(IIR) method, normalising intensity of the atrial wall by mean
value of the atrial blood pool, and 2) standard deviation (SD)
method analysing signal intensity distribution of the LA wall.
However, there is a paucity of data comparing these techniques
and no consensus exists as to the optimal quantification tool for
LA LGE.
Objective: To evaluate the concordance in quantification of LA
LGE between the IIR and SD techniques.
Methods: Respiratory- and ECG-gated CMR scans were
obtained using a 1.5 Tesla scanner, in ten ablation naïve subjects
with persistent AF (PsAF). Scans were analysed using the open
source CEMRG software (Kings College London, UK) and LA
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LGE identified using an IIR threshold of 1.2 and SD method at
intensity values 3 SD above mean blood pool signal.
Results: Mean LGE burden, calculated as percentage of LA
surface area, varied widely between patients with PsAF. LGE
area differed significantly between the two methods, with higher
mean LGE using the IIR method compared with the SD approach
(42.15 6 17.81% vs. 17.12 6 12.25%, p , 0.005) and poor
agreement on interclass correlation coefficient analysis (ICC 5
0.33). However, despite the intra-patient differences, the LGE
burden correlated well between the two approaches (r 5 0.82, p
, 0.005). When categorised according to the Utah LGE
classification (stage I 0-10%, stage II 10-20%, stage III 20-30%,
stage IV . 30%), mean stage using IIR vs. SD was 3.50 6 1.12
vs. 2.20 6 1.14 (p , 0.05). Eight of ten (80%) subjects were
assigned to different classification stages depending on the
quantification technique employed.
Conclusion: The extent of LA LGE varies significantly amongst
PsAF patients. LGE burden and hence Utah classification stage
is highly dependent on the quantification approach utilised. Given
LGE quantification may aid prognostication and patient selection
for rhythm control intervention, further validation studies are
required to identify the optimal technique and correlate with
clinical outcomes.

CA-537-03
ESOPHAGEAL TEMPERATURE MANAGEMENT DURING
CRYOBALLOON ABLATION FOR ATRIAL FIBRILLATION
Joshua Sink MD; Kiran Nimmagadda MD; Manyun Zhao MPH;
Adin-Cristian Andrei PhD; Hawkins Gay MD, MPH;
Rachel M. Kaplan MD, MS; Xu Gao MD, MS; Anna Pfenniger MD,
PhD; Kaustubha D. Patil MD, FHRS; Rishi Arora MD, FHRS;
Susan S. Kim MD; Alexandru B. Chicos MD; Albert C. Lin MD;
Rod S. Passman MD, FHRS; Bradley P. Knight MD, FHRS and
Nishant Verma MD, MPH
Background: Esophageal thermal injury (ETI) is a wellrecognized complication of atrial fibrillation (AF) ablation. The
EnsoETM temperature control device is a multi-lumen silicone
tube inserted into the esophagus. An external heat exchanger is
used to adjust the temperature of recirculated water to allow for
esophageal warming or cooling. Previous studies have
demonstrated that esophageal cooling with this device reduces
ETI during radiofrequency AF ablation.
Objective: The purpose of this study was to evaluate the use of
esophageal warming with the EnsoETM device to prevent ETI
during cryoballoon ablation (CBA) for AF.
Methods: This single-center, prospective, double-blinded study
enrolled 42 patients with symptomatic AF undergoing CBA under
general anesthesia. Patients were randomized to the treatment
group of CBA with esophageal warming (42 celsius) using the
EnsoETM device (WARMING) or the control group of CBA with
traditional luminal esophageal temperature monitoring
(MONITOR). Patients underwent EGD the next day. ETI was
classified into four grades: (1) erythema (2) superficial ulceration
(3) deep ulceration (4) fistula/perforation.
Results: Baseline patient characteristics were similar between
the two groups. Procedural characteristics including number of
freezes, total freeze time, early freeze terminations, coldest
balloon temperature, procedure duration, posterior wall
ablation, and TEE use prior to procedure were not different
between groups. The EGD was completed in 40/42 patients.
There was more ETI in the WARMING group compared to the
MONITOR group (n58 [38%] vs n51 [5%], p50.02). All ETI
lesions were mild to moderate (grade 1 or 2). EGD evidence of
gastroparesis was similar between groups (63% vs 57%,
p50.76). Total freeze time in the left inferior pulmonary vein was
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found to be predictive of ETI (360 vs 300 seconds, p50.03).
Median procedure duration was also predictive of ETI (146 vs
125 minutes, p50.02). The number of freezes, early freeze
terminations, and coldest balloon temperature were not
predictive of ETI.
Conclusion: Use of the EnsoETM device for esophageal
warming during CBA for AF was associated with a higher risk
of ETI.

CA-537-04
INTRACARDIAC ECHOCARDIOGRAPHY USE AND IMPACT
ON OUTCOMES FOR ATRIAL FIBRILLATION CATHETER
ABLATION
Saurabh A. Deshpande MBBS, MD; Hiroyuki Sawatari PhD;
Raheel Ahmed MBBS MRCP; Mohammed Khanji MD;
Virend Somers MD, PhD; Rakesh Gopinathannair MA, MD,
FHRS; Anwar A. Chahal BS, MBChB, PhD and
Deepak Padmanabhan MD DM
Background: Impact on outcome associated with the use of
intracardiac echocardiography (ICE) during catheter ablation of
atrial fibrillation (AF) remains unclear.

Abstracts
Objective: To evaluate the impact of using ICE during AF
ablation on mortality, arrhythmia recurrence and hospital
readmission
Methods: All patients .18 years of age who underwent AF
ablation (cryo and radiofrequency), with and without use of ICE
from 2010-2017 were included. Data were abstracted using
International Classification of Diseases-9th and 10th RevisionClinical Modification from the Nationwide Readmissions
Database (NRD). Patient demographics, presence of
comorbidities, and the reason for readmission were also
evaluated.
Results: A total of 51,129 patients underwent AF ablation
between 2010-2017. ICE was used in 8,005 (15.7%) patients. Inhospital mortality at readmission was significantly higher in the
patients without ICE use (2.9% vs 1.7%, p50.02). Length of stay
(LOS) at readmission was significantly higher in non-ICE (days
[95%CI]:3 [2-6] vs 2 [3-5] days, p,0.0001) with similar healthcare
associated costs (HAC) in both the groups ($[95%CI]: $7,507.30
[4,057.80-15,474.20] vs $7,339.4 [4,024.80-15,191.60],
p50.43). Readmission was 12% lower (HR[95%CI]: 0.88 [0.830.94], p,0.0001) with the use of ICE at 90-day follow-up.
Additionally, heart failure (HF)-related admissions at follow-up
were 24% lower in the ICE-group (HR[95%CI]: 0.76 [0.60-0.96],
p50.02), although readmissions for AF on follow up were similar
with or without the use of ICE (HR[95%CI]: 1.09 [0.96-1.23],
p50.20).
Conclusion: The use of ICE during AF ablation is associated
with a reduction in mortality, reduction in LOS at readmission, but
with similar HAC.

ABSTRACT CE-544:
Arrhythmias in the Community: Risk factors,
Detection and Management
Sunday, May 1, 2022
2:15 PM - 3:15 PM

CE-544-01
SUDDEN CARDIAC DEATH DURING SPORTS ACTIVITY IN
OLDER ADULTS
€ m MD, PhD; Harpriya Chugh; Audrey UyLauri Holmstro
Evanado MD; Arayik Sargsyan; Chad Sorenson;
Kotoka Nakamura; Shiva Salmasi; hadduck Katy;
Angelo Salvucci; Jonathan Jui; Kyndaron Reinier PhD and
Sumeet S. Chugh MD, FHRS
Background: Sudden cardiac death (SCD) is a major public
health problem and the majority (60%) occur among the
elderly (age .65). In the last 2 decades, there has been a
significant rise in prevalence of sports activity among the
elderly but there is little data regarding SCD associated with
sports.
Objective: To investigate the prevalence and characteristics of
sudden cardiac arrest (SCA) during sport activity in adults over
65 years of age.
Methods: The study population was drawn from the Oregon
SUDS and the Ventura PRESTO studies. These prospective
studies have ascertained all out-of-hospital SCAs from the
Portland OR metro area (2002-2017), and Ventura County (20152021). In the present substudy, we investigated SCAs in subjects
over 65 years of age. Information on the preceding circumstances
and clinical characteristics were obtained by assessment of EMS
reports and lifetime medical history. Subjects who had SCA
during sport activity or within 1 hour of cessation of sports activity
were considered as sport associated SCA.
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Results: From a total of 3,690 SCAs in subjects over 65 years, 60
were sports associated events (1.6%). Mean age of these
subjects was 7568 and 87% were male. The most common
types of sport activity were biking (n511), running (8), working
out (8), golf (7), and tennis (7). In the subset with information on
prior medical history (n544), 43% had previously diagnosed
coronary artery disease whereas 21% had previously diagnosed
heart failure. Two subjects had an implantable cardioverter
defibrillator and four had a pacemaker. In sports associated
SCAs, initial rhythm was VF/VT in 75%, PEA in 10%, asystole in
8%, bradycardia in 3%, and unknown in 3%. Sports associated
SCA was witnessed in 87% of the cases, 75% received bystander
CPR, and 40% survived to hospital discharge. Survival to
hospital discharge was 12% among all SCAs in subjects over 65
years.
Conclusion: In older adults a small minority of SCA (1.6%)
occurred in the setting of sports activity and survival following
resuscitation was high (40%). These findings suggest that the
proportion of SCA associated with sports is extremely low among
the elderly and benefits of exercise by far outweigh any
associated risks.

CE-544-02
THE PREVALENCE OF TYPE-1 BRUGADA PATTERN AT
MAYO CLINIC: A LARGE POPULATION STUDY FROM THE
UNITED STATES
Pattara Rattanawong MD; Olubadewa Fatunde MD, MPH;
Nway Le Ko Ko MBBS, MD and Dan Sorajja MD, FHRS
Background: The prevalence of Type-1 Brugada pattern in the
United States has been estimated to be 4.9 per 100,000 in
162,590 patients between 1992 to 2009 at a single tertiary care
medical center in New York . Whereas the pooled prevalence of
Type-1 Brugada pattern in the Europe has been estimated to be
more common at 10.0 per 100,000.
Objective: This study aims to identify the prevalence of Type-1
Brugada pattern at Mayo Clinic.
Methods: Medical records of 1,179,792 patients ages 18 years
old or older with at least one 12-lead electrocardiogram (ECG)
performed at Mayo Clinic locations (Arizona, Florida, Minnesota,
Wisconsin, and Iowa) between January 1, 2011 to December 31,
2020 were included. Mayo Database Explorer software was used
to identify 2,243 patients with keywords (Brugada pattern,
Brugada ECG, Brugada Type-1, or Brugada syndrome)
documented in the electronic medical record. The 12-lead ECGs
were retrospectively analyzed by 2 cardiologists. Any
inconsistencies were reviewed by a third cardiac
electrophysiologist. Type-1 Brugada pattern was diagnosed
according to the recent Heart Rhythm Society Expert Consensus
Statement.
Results: Among 1,179,792 patients (51.2% males, 92.1%
Caucasian, and 1.7% Asian), 122 patients (mean age 47.8615.3
years, 79.5% males, Caucasian 86.1%, and Asian 6.6%) had
Type-1 Brugada pattern documented on at least one 12-lead
ECG. The prevalence of Type-1 Brugada pattern in this large
patient population of Mayo Clinic was 10.3 per 100,000. The
prevalence of Type-1 Brugada pattern in Caucasians and Asians
were 9.6 per 100,000 and 38.8 per 100,000 respectively. Nine
patients (7.4%) had at least one major arrhythmic event at
6.666.1 years follow-up.
Conclusion: The prevalence of Type-1 Brugada pattern in
the United States is similar to the pooled prevalence of
European studies. Type-1 Brugada pattern is two-times more
common at Mayo Clinic compared to previous data from
New York, likely due to increased awareness of Brugada
syndrome over time.
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CE-544-03
INCIDENCE AND PREDICTORS OF ACQUIRED LV
DYSFUNCTION IN PATIENTS WITH ASYMPTOMATIC
FREQUENT PREMATURE VENTRICULAR COMPLEXES: A
LONGITUDINAL CMR STUDY
Silvia Magnani MD; Daniele Muser BS; Gaetano Nucifora;
Andres Enriquez MD; Simon A. Castro MD; Ioan Liuba MD;
Weeranun Dechyapirom Bode MD; Jeffrey Arkles MA, MD;
Erica S. Zado PAC, FHRS; Robert D. Schaller DO, FHRS;
Rajat Deo MD; Fermin C. Garcia MD; David S. Frankel MD,
FHRS; David J. Callans MD, FHRS, CCDS; Martín Ricardo
Arceluz MD; David Lin MD, FHRS; Cory M. Tschabrunn PhD,
CEPS; David S. Frankel MD, FHRS; Francis E. Marchlinski MD,
FHRS and Pasquale Santangeli MD, PhD
Background: Frequent PVC can cause LV dysfunction, a
condition known as PVC-induced cardiomyopathy (PIC). The
predictors of PIC have been retrospectively investigated by
comparing patients presenting with PIC to those with preserved
LV function, but there are no longitudinal data evaluating the
incidence and predictors of PIC
Objective: In this longitudinal CMR study we sought to
determine the incidence and predictors of PIC in patients initially
presenting with PVC and normal LV function
Methods: We included 107 asymptomatic patients (pts) (43611
years, 60% males) with 24-hour PVC burden 20% and normal
heart by CMR imaging including LGE and native T1-mapping as
indicator of interstitial fibrosis. Reassessment of LV adverse
remodeling was performed every 6-months alternating
echocardiography and CMR
Results: In 37 pts, beta-blockers and/or class IC antiarrhythmic
drugs were given despite absence of symptoms and no
evidence of LV adverse remodeling, but eventually discontinued
because of lack of efficacy or intolerance. After a median followup of 7-years, 12 (11%) pts developed PIC ( LVEF50%). The
median time to PIC onset was 3 years (range 1-5 years) and the
median LVEF was 44% (range 38-50%). All pts who developed
PIC underwent RF ablation which resulted in a significant
decrease in PVC burden (80% reduction) and a normalization
of LV function within 6-months. Male gender (HR 2.33, 95% CI
1.08-3.41, p50.01), PVC burden (HR 1.11, 95% CI 1.03-1.17,
p,0.01) and PVC-QRS duration (HR 1.58, 95% CI1.02-2.10,
p,0.01) were all independent predictors of PIC. No significant
difference was found in the baseline T1-time between pts who
developed PIC and those who did not (975618ms vs.
950620ms, p5NS) nor between baseline and the time of PIC
onset among those who developed PIC (960622ms vs.
980624ms, p5NS). No development of LGE was observed
over follow-up. A PVC burden 32% (Sn 89%; Sp 63%) and a
PVC-QRS duration of 153 ms (Sn 91%; Sp 58%) best
predicted development of PIC
Conclusion: In this longitudinal CMR study, the incidence of
PIC in pts with asymptomatic frequent PVC was 11% at a
median follow-up of 7 years. Incident PIC was predicted by
male gender, PVC burden and PVC-QRS duration. The
development of PIC was not associated with myocardial
structural changes as evidenced by no new areas with LGE or
variation in T1-times

CE-544-04
HABITUAL COFFEE CONSUMPTION AND INCIDENCE OF
ARRHYTHMIAS: A LARGE POPULATION STUDY
David Chieng MBBS, CCDS; Rodrigo Canovas PhD;
Louise Segan MBBS; Hariharan Sugumar MBBS, PhD;
Aleksandr Voskoboinik MBBS, PhD; Sandeep Prabhu MBBS,
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PhD; Liang-Han Ling MBBS, PhD; Geoffrey Lee;
Joseph B. Morton MBBS, PhD; Jonathan M. Kalman MBBS, PhD,
FHRS and Peter M. Kistler MBBS, PhD, FHRS
Background: General perception is that arrhythmias are
increased in coffee drinkers. In contrast, meta-analyses report
beneficial effects of coffee on incident arrhythmias. However
earlier studies are limited by smaller sample sizes.
Objective: To evaluate associations between coffee intake and
incident arrhythmias utilising the UK Biobank.
Methods: The UK Biobank is a large prospective cohort with
outcomes measured .10 years linked to ICD-10 codes. Coffee
intake, obtained from questionnaires, was divided into 0, ,1, 1, 23, 4-5, .5 cups/day. Cox regression modelling with hazard ratios
(HR) determined associations with incident any arrhythmia, atrial
fibrillation/flutter (AF/flutter), SVT, and ventricular tachycardia/
fibrillation (VT/ VF).
Results: The cohort included 382,535 individuals (age 57 6
13yrs, 52% female, hypertension 28%). U shaped relationships
exist between higher coffee intake and incident any arrhythmia,
AF/flutter, and SVT. After adjustment for co-variables age,
gender, alcohol intake, tea intake, obesity, diabetes mellitus,
hypertension, physical activity, OSA, smoking status, the lowest
risk for any arrhythmia was seen in those who consumed 2-3
coffee cups/day, with HR 0.92 (CI 0.88-0.95, p,0.01). Risk of AF/
flutter and SVT were lowest at 4-5 cups/day, with HR 0.88 (CI
0.83-0.94, p,0.01), and HR 0.82 (CI 0.71-0.95, p ,0.01),
respectively. Lowest VT/ VF risk was seen with 4-5 cups/day (HR
0.81, CI 0.67-0.96, p 50.02).
Conclusion: Mild-moderate regular coffee intake was
associated with significant reductions in the incidence of any
arrhythmia, AF/flutter, SVT and VT/VF. Daily coffee intake
should not be discouraged but rather considered part of a
healthy diet.

ABSTRACT CI-569:
Conduction System Pacing: What is New?
Sunday, May 1, 2022
2:15 PM - 3:15 PM

CI-569-01
RIGHT VENTRICULAR FUNCTION DURING LEFT BUNDLE
BRANCH AREA PACING - LONG-TERM
ECHOCARDIOGRAPHY STUDY
Pawel Moskal MD, PhD; Agnieszka Bednarek MD, PhD;
Grzegorz Kielbasa MD; Adam Bednarski; Aleksander Kusiak MD,
PhD; Tomasz Sondej MD, PhD; Marek Rajzer MD, PhD and
Marek Jastrzebski MD, PhD

Abstracts
Background: Left bundle branch area pacing (LBBAP)
maintains or restores synchronous activation of the left ventricle,
however at the same time, it introduces delay in activation of the
right ventricle (RV) — expressed by R/r wave in lead V1.
Objective: To evaluate the effects of LBBAP on RV function as
measured with 2D-echocardiography.
Methods: Consecutive patients receiving LBBAP with significant
ventricular pacing burden (. 40%), R/r wave in lead V1 and at
least one-year echocardiographic follow-up were included.
Echocardiographic examination was focused on RV morphology
and function and tricuspid valve function; final follow-up values
were compared with baseline.
Results: A total of consecutive 100 patients were studied:
age 76.7 610 years, female 41%, left ventricular ejection
fraction 53 612%, ventricular pacing burden 87.6 620% and
follow-up 21 67 months. There was no change in RV
anatomy measured with RV basal, proximal or distal diameter
(37 65 mm vs 37 64 mm, 29 64 mm vs 29 64 mm, 27 6mm
4 vs 29 64 mm, respectively). There was no change in RV
systolic function measured with S’ (13 63 vs 13 63) and
fractional area change (41 611 vs 42 610) but there was an
significant increase in tricuspid annular plane systolic
excursion (22 65 mm vs 23 64 mm). Tricuspid regurgitation
(TR) progression from low to moderate was observed in 8
patients. TR improved from severe to moderate in 2, and from
moderate to low in 12 patients. There was no significant
change in estimated TR maximal jet velocity (2.3 60.6 m/s vs
2.4 60.6 m/s).
Conclusion: Despite introduction of some delay in electrical
activation of RV during LBBAP, the mechanical RV function
seems to be unaffected.

S97
(p5 0.49). Left ventricular ejection fraction (LVEF) significantly
improved from 38 6 13 to 48 6 13 in the HBP group
(p,0.001), and from 33 6 11 to 42 6 13 in the LBBAP group
(p,0.001) (Table 1). The incidence of lead revision was 8.9%
in the HBP and 2.4% in the LBBAP group (p50.26).
Conclusion: Both HBP and LBBAP resulted in significant
ventricular resynchronization in patients with HFrEF. Largescale randomized trials are needed to validate these
outcomes and further investigate the different options
available for CSP.

CI-569-03
CI-569-02
CONDUCTION SYSTEM PACING FOR CARDIAC
RESYNCHRONIZATION THERAPY IN PATIENTS WITH
HEART FAILURE
Fatima Ezzeddine MD; Margarida Pujol Lopez MD;
Michael Lavelle MD; Elaine Y. Wan MD, FHRS;
Kristen K. Patton MD, FHRS; Melissa R. Robinson MD, FHRS,
CCDS; Adi Lador MD; Kamala P. Tamirisa MD, FHRS;
Saima Karim DO, FHRS; Soufian AlMahameed MD, FHRS;
Cecilia Marianne Linde MD, PhD; Ratika Parkash MD, MS, FHRS
and Yong-Mei Cha MD, FHRS
Background: Whether conduction system pacing (CSP) is an
alternative option for cardiac resynchronization therapy (CRT) in
patients with heart failure and reduced ejection fraction (HFrEF)
remains to be learned.
Objective: To assess the technical and echocardiographic
outcomes of His Bundle pacing (HBP) and left bundle branch
area pacing (LBBAP).
Methods: This multi-center retrospective study included 121
patients who fulfilled CRT indications for HFrEF and received
HBP or LBBAP. The implant and echocardiographic outcomes
were assessed.
Results: Mean age was 71 6 13 years (67.8% male). 80
(66.1%) patients had de novo implant while 41 (33.9%)
patients had upgrade of an existing device. HBP and LBBAP
were performed in 79 (65%) and 42 (35%) patients,
respectively. The mean follow-up duration in the HBP and
LBBAP groups was 312 6 238 and 248 6 199 days,
respectively. In the HBP group, the pacing threshold was
1.32 6 0.93 V at implant and 1.34 6 1.00 V at follow-up
(p5 0.88). In the LBBAP group, the pacing threshold was
0.91 6 0.56 V at implant and 0.976 0.54 V at follow-up

LEFT BUNDLE BRANCH AREA PACING FOR CARDIAC
RESYNCHRONIZATION THERAPY: A MULTICENTER
PROSPECTIVE STUDY
Santosh K. Padala MBBS; Paula Sanchez Somonte;
Jeffrey Kolominsky MD; Alexandre Raymond-Paquin MD;
W. Savindu Botheju; Jordana Kron MD, FHRS;
Richard K. Shepard MD; Gautham Kalahasty MD;
Bernice Tsang MD; Yaariv Khaykin MD, FHRS;
Alfredo A. Pantano MD; Jayanthi N. Koneru MBBS;
Kenneth A. Ellenbogen MD, FHRS and Atul Verma MD, FHRS
Background: The societal guidelines recommend physiologic
pacing for patients who are anticipated to require high burden
ventricular pacing. This includes patients with a) AV block and
LVEF between 35-50%, b) tachy-cardiomyopathy undergoing
AV node ablation, c) chronic RV pacing induced
cardiomyopathy, and d) failed CS lead implants as a rescue
CRT strategy. There are limited data on the utility of left bundle
branch area pacing (LBBAP) as an alternative to CRT in this
patient sub-groups.
Objective: To evaluate the feasibility and outcomes of LBBAP in
patients eligible for CRT.
Methods: Patients referred for pacemaker implantation at two
academic centers between 02/2019-07/2021 were considered
for LBBAP. LBBAP was performed by implanting the 3830
lumenless lead using the C315 fixed curve or C304 His
deflectable sheath (Medtronic, MN). Implant success rates,
complications, electrophysiological and echocardiographic
parameters were assessed.
Results: LBBAP was successful in 135/161 CRT eligible
patients (84%). Mean age was 7569 years and 34% were
women. Failed cases were more likely to be men and had wider
QRS duration at baseline (163634 vs. 137632, p,0.001)
compared with successful cases. Among successful cases 20%
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had RBBB, 25% had LBBB, 3% had IVCD, 12% were RV paced
and 24% had narrow QRS complexes. Pacing indications: AV
block with LVEF 35%-50%: 48%, rescue CRTor pacing induced
cardiomyopathy: 40% and refractory AF with LVEF,50%: 12%.
Mean procedural duration was 84645 mins and mean
fluoroscopic time was 14613 mins. Paced QRSd was 116614
ms. Mean LV activation time was 74.6612 ms at high output and
78613 ms at low output. LBB potentials were noted in 20%
patients. Transition from non-selective to selective LBBA or
septal pacing was noted in 67%. Mean follow-up was 2996220
days (median 248 days). Lead parameters remained stable
during intermediate term follow-up (Fig A). Left ventricular EF
improved significantly from 36.5610% to 45.4612% during
follow-up (Fig B). The were no chronic LBBAP lead related
complications such as lead perforation, threshold rise .3V or
lead revision.
Conclusion: LBBAP is safe and feasible alternative for CRT.
LBBAP is associated with stable intermediate term lead
parameters, low complication rate, and is associated with
improved echocardiographic outcomes.
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Background: His-Purkinje conduction system pacing (HPCSP)
has been proposed as an alternative to cardiac
resynchronization therapy (CRT); however, no predictors of
echocardiographic response have been described. Septal flash
(SF) is a marker of intraventricular dyssynchrony.
Objective: The study aimed to analyze whether HPCSP corrects
SF in patients with CRT indication, and if correction of SF predicts
echocardiographic response.
Methods: Prospective observational study (n530). Left
ventricular ejection fraction (LVEF) was measured with
echocardiography at baseline and at 6-month follow-up.
Echocardiographic response was defined as increase in 5
points LVEF. ECG Imaging was performed (CardioInsight
Mapping Vest-Medtronic) in 2 patients to validate ventricular
activation shortening and to study the basal and HPCSP
activation pattern.
Results: HPCSP shortened QRS duration by 48621ms and
SF was significantly decreased (baseline 3.662.2mm vs
HPCSP 1.561.5mm p,0.0001). At 6-months, mean LVEF
improvement was 8.6% 6 8.7% and 64% of patients were
responders. There was a significant correlation between SF
correction and increased LVEF (r50.61, p50.004). A
correction of 1.5mm had 81% sensitivity and 80% specificity
to predict echocardiographic response (area under curve 0.86,
p50.019).
Conclusion: HPCSP improves intraventricular dyssynchrony
and results in 64% echocardiographic responders at 6-month
follow-up. Dyssynchrony improvement with SF correction may
predict echocardiographic response at 6-month follow-up
(Fig.1.).

