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PO-629-01
LEVERAGING SIGNAL-TO-NOISE ANALYSIS TO EXPAND
CLINICAL UTILITY OF PATHOGENICITY CRITERIA FOR
INCIDENTAL VARIANTS IN HYPERTROPHIC
CARDIOMYOPATHY-ASSOCIATED GENES
Leonie Madelaine Kurzlechner BS; Edward G. Jones MD;
Amy M. Berkman MD; Hanna J. Tadros MBChB;
Jill A. Rosenfeld MS; YAPING YANG PhD; Hari Tunuguntla MD;
Hugh D. Allen MD; Jeffrey J. Kim MD and
Andrew Paul Landstrom MD, PhD, FHRS
Background: Hypertrophic cardiomyopathy (HCM) is the
most common heritable cardiomyopathy and can predispose
individuals to sudden death. Most HCM patients host a
known pathogenic variant in a sarcomeric gene. With the
increase in exome sequencing (ES) in clinical settings,
incidental variants in HCM-associated genes are being
identified more frequently. Diagnostic interpretation of
incidental variants is crucial to enhance clinical patient
management.
Objective: We sought to use amino acid-level signal-to-noise
(S:N) analysis to establish pathogenic hotspots in sarcomeric
HCM-associated genes as well as to refine the 2015 American
College of Medical Genetics (ACMG) criteria to predict incidental
variant pathogenicity.
Methods: Incidental variants in HCM genes (MYBPC3, MYH7,
MYL2, MYL3, ACTC1, TPM1, TNNT2, TNNI3, TNNC1) were
obtained from a clinical ES referral database (Baylor Genetics)
and compared to rare population variants (gnomAD) and
variants from HCM literature cohort studies. We compared the
frequency of ES and HCM variants at specific amino acid
locations in coding regions to rare variants (MAF,0.0001) in
gnomAD. S:N ratios were calculated at the gene- and amino
acid-level to identify pathogenic hotspots. ES cohort variants
were re-classified using ACMG criteria with S:N analysis as a
correlate for PM1 criteria.
Results: We identified 7,066 unrelated probands in the ES
cohort, with 509 individuals hosting a rare variant in an HCM
gene. Variants in sarcomeric genes, especially radical variants,
were enriched in the HCM cohort compared to the ES and
gnomAD cohorts (P,0.05). In the HCM cohort, five out of nine
genes carried a S:N ratio greater than 6.0, suggesting a higher
relative frequency of disease-associated variants in these genes.
Among ES referrals, no gene had a global S:N greater than 3.0.
Within each gene, localization of variants found in the ES cohort
was more similar to those found in gnomAD than those found in
the HCM cohort. In MYH7, most pathogenic hotspots were in the
head domain.
Conclusion: Incidental variants in HCM-associated genes
were common among clinical ES referrals, though the
majority were not disease-associated. Leveraging amino
acid-level S:N as a clinical tool may improve the diagnostic
discriminatory ability of ACMG criteria by identifying
pathogenic hotspots.
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PO-629-02
NEW EVIDENCE TO CHALLENGE CLINGEN’S “DISPUTED
EVIDENCE” DESIGNATION FOR AKAP9 AS A BONA FIDE
SUSCEPTIBILITY GENE FOR CONGENITAL LONG QT
SYNDROME
Elliana Huffman MS; Dan Ye MD; Wei Zhou MD;
David J. Tester BS; John R. Giudicessi MD, PhD and
Michael John Ackerman MD, PhD
Background: A-kinase-anchoring protein-9 (AKAP9) mediates
the phosphorylation state of the KCNQ1-encoded Kv7.1
potassium channel. Loss-of-function (LOF) variants in KCNQ1
cause type 1 long QT syndrome (LQT1). In 2007, we published
data suggesting AKAP9-S1570L as a novel LQTS-causative
variant and AKAP9 as a novel LQTS-susceptibility gene.
However, in a recent re-appraisal of LQTS genes, the Clinical
Genome Resource (ClinGen) demoted AKAP9 to a “disputed
evidence” gene due to apparent lack of sufficient evidence to
support causation of LQTS.
Objective: To characterize the electrophysiology of a LQTS
patient-derived induced pluripotent stem cell-cardiomyocyte
(iPSC-CM) AKAP9-S1570L model and its corresponding
CRISPR/Cas9 gene-edited/variant-corrected isogenic control
(IC).
Methods: iPSC-CMs were generated from an AKAP9-S1570L
positive female diagnosed with LQTS at 14 years of age with a
QTc . 480 ms, history of syncope, a LQT1-suggestive treadmill
stress test, and a positive family history of QT-prolongation.
Standard whole-cell patch clamp technique was performed to
measure the action potential duration (APD) of both the AKAP9S1570L and IC iPSC-CMs. To determine if KCNQ1 contributes to
the APD prolongation of the variant iPSC-CMs, the KCNQ1
channel specific activator, ML277 was used in additional APD
measurements.
Results: APD50 (457 6 21) and APD90 (549 6 22 ms) were
significantly prolonged in the AKAP9-S1570L iPSC-CMs
compared to the IC iPSC-CMs (APD50, 335 6 15 ms; APD90,
413 6 16 ms; p,0.05). Addition of ML277 resulted in a greater
degree of APD shortening in AKAP9-S1570L iPSC-CMs (APD50
shortening, 349 6 40 ms (p,0.05); APD90 shortening, 397 6 42
ms (p,0.05) than in IC iPSC-CMs (APD50 shortening, 219 6 31
ms; APD90 shortening, 242 6 33 ms). This indicates KCNQ1
LOF may contribute to the mechanism underlying APD
prolongation in the patient-specific AKAP9-S1570L iPSC-CMs,
consistent with our previously published data.
Conclusion: Using patient specific iPSC-CMs and isogenic
controls, we provide new evidence bolstering AKAP9-S1570L as
the pathogenic LQTS-causative variant responsible for this
patient’s LQTS. Whether ClinGen deems this sufficient evidence
to rescue AKAP9 from genetic purgatory and re-classify it as a
sufficient evidence LQTS-susceptibility gene, remains to be
seen.

PO-629-03
IN-DEPTH ANALYSIS OF THE SCN5A LOCUS HIGHLIGHTS
DISTINCT GENETIC ARCHITECTURES FOR BRUGADA
SYNDROME IN DIFFERENT ANCESTRIES AND IDENTIFIES
A NOVEL RARE ENHANCER VARIANT ASSOCIATED WITH
DISEASE IN SOUTHEAST ASIAN PATIENTS
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Roddy Walsh PhD; Apichai Khongphatthanayothin MD;
John Mauleekoonphairoj MSc; Leander Beekman BS;
Maarten Kooyman; Cheng-I Wu MD; Julien Barc PhD;
Rafik Tadros MD, PhD; Ahmad S. Amin MD, PhD;
Pieter Gerard Postema MD, PhD;
Yanushi Dullewe Wijeyeratne BMBS; Pier D. Lambiase BCH, BM,
MBChB, PhD, FHRS; Elijah Behr MA, MBBS, MD;
Arthur A.M. Wilde MD, PhD; Yong Poovorawan MD;
Connie R. Bezzina PhD and Koonlawee Nademanee MD,
FHRS, CCDS
Background: Brugada syndrome (BrS) is a cardiac arrhythmia
disorder that can cause sudden death in young adults. Genetic
variation in the Nav1.5 cardiac sodium channel encoding SCN5A
gene is robustly associated with BrS, across both rare coding and
common non-coding variants. Despite a markedly higher
prevalence of BrS, the diagnostic yield from SCN5A genetic
testing in east and southeast Asia has been reported to be much
lower than other regions.
Objective: To compare the contribution of different classes of
SCN5A variants (by variant type and rarity) to BrS between
northwest European and Thai populations in order to investigate
the apparent paradox between high disease prevalence and low
diagnostic yield in southeast Asia.
Methods: Genome sequencing data from European (412 cases,
769 controls) and Thai (202 cases, 410 controls) samples was
analysed. SCN5A coding variants were binned by gnomAD
exomes (v2.1) filtering allele frequency (FAF) and case-control
odds ratios (OR) were calculated for each bin and ancestry. Rare
non-coding variants in promoter and enhancer regions of SCN5A
and SCN10A were assessed for enrichment or depletion in BrS
cohorts.
Results: Ultra-rare (FAF,0.00001) SCN5A coding variants are
more prevalent and enriched in European (22.6% of cases,
OR522.1, 11.4-43.0) compared to Thai (5.9% of cases, OR54.3,
1.6-11.5) BrS patients. In contrast, low frequency variants (FAF
0.00005-0.001) that are expected to have intermediate effect
sizes are uniquely enriched in Thai samples, occurring in 9.9% of
patients. 3/6 of these variants (p.R965C, p.A1428S, p.V2016M)
are known to affect Nav1.5 function. A rare non-coding variant in
the SCN5A RE5 enhancer region (GRCh37:3-38621871-A-C),
affecting a base conserved across species, was highly and
uniquely enriched in Thai BrS cases (4.5% vs 0.2%, OR519.1,
p53e-04).
Conclusion: Distinct SCN5A genetic architectures are observed
in European and southeast Asian BrS patients. The increased
prevalence of BrS in southeast Asia is not due to an increased
population burden of ultra-rare and highly deleterious SCN5A
coding variants (which are relatively depleted in case cohorts).
Our data suggest that other SCN5A variant classes, including
coding variants of intermediate effect size and rare non-coding
enhancer variants, are genetic risk factors in Thai BrS cases.
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PO-629-04
PHENOTYPES OF OVERDIAGNOSED LONG QT
SYNDROME
Raquel Almeida Lopes Neves MD; Sahej Bains;
Johan Martijn Bos MD, PhD; Ciorsti MacIntyre MD;
John R. Giudicessi MD, PhD and Michael John Ackerman MD, PhD
Background: Long QT syndrome (LQTS) is a potentially lethal,
yet highly treatable, genetic heart disease that predisposes
individuals to arrhythmic syncope/seizure, sudden cardiac arrest,
or sudden cardiac death (SCD). Although well intended,
increased physician and public awareness of LQTS-associated
warning signs and an increase in ECG screening programs may
contribute to an overdiagnosis of this condition.
Objective: To identify the various avenues or phenotypes that
can lead to an overdiagnosis of LQTS.
Methods: Electronic medical records were reviewed for all
patients evaluated in Mayo Clinic’s Windland Smith Rice Genetic
Heart Rhythm Clinic between July 2000 and March 2021 who
arrived with an outside diagnosis of LQTS but were dismissed
subsequently as normal. Data was abstracted for patient
demographics, clinical characteristics, and cardiac and genetic
test results.
Results: Overall, 291/1909 (15%) originally diagnosed LQTS
patients [174 (60%) female, mean age at first Mayo evaluation
22 6 14 years, mean QTc of 426 6 25 ms] were dismissed as
either normal (276, 95%) or having a different diagnosis
altogether (15, 5%). The main cause of LQTS misdiagnosis was
misinterpretation of the QTc in 93 (32%) patients, including a
borderline QT, inclusion of the U-wave in QTc calculation, or
prolonged QTc associated with exercise training. This was
closely followed by a prolonged QTc recorded in the emergency
department following vasovagal syncope (n589 [31%]).
Furthermore, 47 patients (16%) were diagnosed because of
positive family history of LQTS or SCD but dismissed as normal
after the SCD was found to be unrelated to LQTS or the patient
was negative for family’s LQTS-associated variant. Forty-seven
(16%) patients had a variant of uncertain significance (VUS) in
one of the main LQTS genes (KCNQ1, KCNH2, SCN5A),
however after evaluation, the variant was demoted to likely
benign and/or there was no LQTS phenotype in family members.
Conclusion: Knowing that the four main determinants of
discordance between a previously rendered diagnosis of LQTS
and full diagnostic reversal/removal were misinterpretation of the
QTc, vasovagal syncope, family history of LQTS, and a VUS in
LQTS-causative genes, awareness and screening strategies can
be fine-tuned to reduce this ongoing burden of overdiagnosed
LQTS.

PO-629-05
NEONATAL PRESENTATION OF TIMOTHY SYNDROMEINITIAL REPORT ON AN INTERNATIONAL COHORT
Alexandra Matthews MBChB; M. Cecilia Gonzalez Corcia PhD,
CEPS-P and Katherine W. Timothy BS
Background: Timothy syndrome is a rare multisystem disorder.
It is generally caused by a de novo mutation in exon 8A (type 1)
and exon 8 (type 2) of the CACNA1C gene. Most common clinical
features in type 1 Timothy syndrome (TS1) include long QT
(LQT), syndactyly and congenital heart defects. Neonatal TS1
may present as LQT causing 2:1 atrioventricular block (AVB) and
fetal bradycardia.
Objective: Report on the neonatal cardiac findings of the largest
international cohort of Timothy syndrome and identify markers of
perinatal risk.
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Methods: Retrospective cohort study using data collection from
Timothy Syndrome Foundation, a foundation for Timothy
syndrome patients from around the world. All patients included
have confirmed TS1 (CACNA1C, G406R in exon 8A).
Results: Forty-four cases of TS1 have been identified (26 male;
60%) over 28 years. Eighteen patients (41%) were born
prematurely (,37 weeks gestation). Fetal bradycardia
secondary to AVB presented in 17 patients (39%) and resulted in
premature delivery in 12 patients (27%). From the fetal
bradycardic patients, only 8 (47%) were appropriately diagnosed
prenatally with AVB.
The mean gestational age for the entire cohort was 35.7
weeks (range 28 weeks - term), being 34.4 weeks in the group
with fetal bradycardia compared with 37 weeks in patients
without fetal bradycardia (p,0.05). A neonatal diagnosis of
TS1 was made in 15 patients (34%). At birth LQT was
identified in 25 patients (57%). From this group, 12 patients
(48%) were diagnosed with TS1 in the neonatal period,
compared with 3 patients (7%) from the group in which LQT
was not identified at birth (p, 0.05). Syndactyly was seen in
the majority of patients (n539, 89%). In the syndactyly group,
TS1 was diagnosed neonatally in 14 cases (36%), compared
with 20% in patients without syndactyly (p, 0.01).
Conclusion: Extremely LQT leading to AVB and fetal
bradycardia is frequent in patients with TS1. Fetal AVB is
infrequently diagnosed as the cause of bradycardia in this
population, which results in premature delivery with
suspicion of fetal distress. Moreover, an accurate diagnosis
of TS1 in the neonatal period is rare. Most patients with TS1
are diagnosed beyond the neonatal period, leaving them
untreated from an arrhythmic perspective. Presentation with
long QT and/or syndactyly at birth facilitates an early
diagnosis.

PO-629-06
NOVEL TRANS-2,3-ENOYL-COA REDUCTASE-LIKE
(TECRL) VARIANT ASSOCIATED WITH
CATECHOLAMINERGIC POLYMORPHIC VENTRICULAR
TACHYCARDIA (CPVT) TYPE 3: FIRST TO BE REPORTED IN
A CONSANGUINEOUS LEBANESE FAMILY
Fatme Awad Charafeddine MD, FHRS, CCDS
Background: Catecholaminergic Polymorphic Ventricular
Tachycardia (CPVT) is an inherited arrhythmia characterized
by polymorphic ventricular tachycardia. Recently, alterations
in the trans-2,3-enoyl-CoA reductase-like (TECRL) gene
have been implicated in the disease (4). To date only 16
families have been described in the literature. Reported
phenotypes were notable for their clinical divergence with
variable arrhythmia profile, often being highly malignant (6).
Objective: We herein report a novel mutation in the TECRL gene
that was discovered in a Lebanese family of consanguineous
parents.
Methods: N/A
Results: Two living siblings were affected in an autosomal
recessive pattern in the context of positive family history of
sudden death in the other two siblings. The late sister
collapsed at the age of 16 years while climbing stairs. The
youngest 5-year-old brother collapsed immediately after
choking while eating. He did regain pulse after defibrillation
in the hospital, but he passed away after one month. No
molecular or tissue autopsy was done. A frameshift mutation
(NM_001010874.4c742_758 del) was detected on whole
exome sequencing in the two living siblings (9-year-old boy
and 13-year-old girl) both showing a mixed phenotype of
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Long QT syndrome and CPVT. This mutation creates a shift
in the reading frame starting at codon Arg248. The new
reading frame ends in a stop codon 8 positions downstream,
leading to a loss of function in the encoded protein. Both
patients were started on Nadolol, but both continued to show
premature ventricular contractions (PVCs) on repeat sprint
exercise stress test. Flecainide was added, which completely
suppressed the exercise induced ventricular ectopy in both
patients. Now ten months into the follow up, both patients
remain clinically well, with no events recorded. This case
presents an additional evidence in favor of the pathogenicity
of the bi-allelic loss of function variants in the TECRL gene
by presenting a novel mutation, and the potential
requirement of dual therapy to prevent exercise induced
ventricular ectopy.
Conclusion: We call for including TECRL in the NGS sudden
death panels as well in the LQTS and CPVT screening panels
that are commercially available worldwide.
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PO-629-07
TRIGGERED SYNCOPE AND THE RISK FOR SUBSEQUENT
LIFE THREATENING EVENTS IN LONG QT SYNDROME
Arwa Younis MD; Johan Martijn Bos MD, PhD;
Wojciech Zareba MD, PhD; Mehmet K. Aktas MBA, MD, FHRS;
Bronislava Polonsky; Scott McNitt; Michael John Ackerman MD,
PhD and Ilan Goldenberg MD
Background: Syncope, associated with specific triggers, is
the most powerful predictor for life-threatening events (LTE)
in patients with congenital long QT syndrome (LQTS).
Objective: We aimed to evaluate the association between
adrenergic/non-adrenergic syncope and the risk for subsequent
LTE.
Methods: The study population comprised 3,147 genetically
confirmed LQT1-LQT3 patients from the International LQTS
registry. Multivariate Cox regression was used to determine the
association of adrenergic (exercise, arousal, swimming, etc.) or
non-adrenergic (during rest, pregnancy, medications, etc.)
triggered-syncope on the risk of subsequent LTE (aborted
cardiac arrest, LQTS related death, or appropriate shock) in each
genotype group separately.
Results: In LQT1 patients (n51,410) syncope occurred in
444 (31%) subjects and was triggered mostly by adrenergic
triggers 55%. Syncope preceded 78% of LTEs. Syncope
episodes induced by adrenergic triggers conferred the highest
risk for subsequent LTE in LQT1 (HR55.5; 95%CI 2.7-11.3;
p,0.001), whereas the risk associated with syncope events
during non-adrenergic triggers was non-significant (HR51.2;
95%CI 0.25-5.7; p50.82). In LQT2 patients (n51217),
syncope occurred in 394 (33%) subjects and was triggered by
adrenergic triggers in 28% and by non-adrenergic in 45%.
Syncope preceded 71% of LTEs. Non-adrenergic syncope
was associated with 124% risk increase in LTE (HR52.24;
95%CI 1.22-4.11; p50.010), whereas adrenergic was
associated with a trend of 105% increase (HR52.05; 95%CI
0.97-4.34; p50.059). In contrast, LTE was the first clinical
presentation in the majority of LQT3 patients (81%). The
residual rate of LTE despite beta-blocker therapy was highest
in LQT1 patients with prior syncope triggered by adrenergic
triggers (Figure).
Conclusion: We show for the first time that trigger-specific
syncope episodes confer different risk for subsequent LTE and
response to therapy by genotype.
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PO-630-01
FAM13B AND RS1717131 ARE THE LIKELY GENE AND SNP
RESPONSIBLE FOR THE 5Q31 ATRIAL FIBRILLATION
SUSCEPTIBILITY LOCUS
Gregory Tchou PhD; Shamone Gore Panter PhD; Fang Liu MD,
PhD; Nana Liu MD, PhD; Greg Brubaker MS; John Barnard PhD;
David R. Van Wagoner PhD, FHRS; Mina K. Chung MD, FHRS
and Jonathan D. Smith PhD
Background: Atrial fibrillation (AF) genome wide association
studies (GWAS) have identified an AF susceptibility locus on chr
5q31, between the WNT8A and FAM13B genes. Our prior human
left atrial appendage RNA sequencing study found that
expression of FAM13B is strongly associated with the AF GWAS
lead variant in this locus. However, the regulatory variant
controlling FAM13B expression and the mechanism by which
FAM13B impacts AF incidence are not well understood.
Objective: To identify the common genetic variant responsible
for regulating FAM13B expression and to characterize FAM13B
localization, activity, and its effects on cardiomyocyte gene
expression in order to gain insight into the functional mechanism
of the chr 5q31 AF susceptibility locus.
Methods: We conducted bioinformatic analyses, luciferase
reporter gene transfections, gel mobility shift assays, and
CRISPR gene editing to identify the genetic variant responsible
for regulating FAM13B expression. Recombinant protein
production, activity assays, and knockdown of FAM13B
expression in stem cell derived cardiomyocytes (iCMs) were
performed along with transcriptomic and electrophysiological
analyses. GFP-tagged FAM13B was used to examine FAM13B
localization in iCMs.
Results: We identified rs17171731 as the regulatory variant, in
linkage disequilibrium with the lead GWAS variant, responsible
for controlling FAM13B expression in the left atrium. The AF risk
allele had decreased enhancer activity and bound an additional
protein that may function as a transcriptional repressor. Editing
the reference allele to the risk allele in iCMs resulted in decreased
FAM13B expression. FAM13B knockdown in iCMs altered
expression of .1000 genes and increased the late/peak inward
sodium current ratio. GFP-tagged FAM13B expressed in iCMs
localized to the plasma membrane and the sarcomere, near or in
the Z-disc. FAM13B is a member of the Rho GTPase-activating
protein (RhoGAP) gene family, but failed to demonstrate
RhoGAP activity.
Conclusion: The chr 5q31 AF causal variant was identified as
rs17171731, with the risk allele having less enhancer activity and
leading to decreased expression of FAM13B. FAM13B resides
on the plasma membrane and Z-disc and plays a role in
regulation of cardiomyocyte gene expression and the late sodium
current.

PO-630-02
THE EFFECT OF CHANGES IN EXTRACELLULAR CALCIUM
ON THE SMALL-CONDUCTION CA2+-ACTIVATED K+
CHANNEL OF METABOLIC SYNDROME
ruo-yun Shih

Poster Session II
Background: Metabolic syndrome (MetS) is associated with
increased cardiac arrhythmia and mortality. Small conductance
Ca2+-activated K+ (SK) channels link intracellular calcium
transients to membrane potential changes and play an essential
role in atrial repolarization. Regulation of the SK channels is still
not fully discovered.
Objective: To determine the interaction between extracellular
calcium and MetS on the activity of SK channel in MetS.
Methods: We used the high-fat diet (45%) to induce MetS in
mice. Optical mapping was performed in Langendorff perfused
mice hearts with alteration of extracellular calcium to measure the
atrial action potential duration (APD), calcium transient duration
(CaTD) and conduction velocity (CV). The selective SK blocker,
apamin, has revealed multifaceted functions of the SK channel in
atria of MetS.
Results: Under high and normal extracellular calcium, apamin
prolonged APD and CaTD both in MetS and control mice.
However, the apamin only prolonged APD and CaTD in MetS but
not in control mice in low extracellular calcium, meaning that both
high extracellular calcium and MetS contribute to the
upregulation of SK channels. A reverse relationship between CV
and extracellular calcium was found in control mice but not in
MetS mice. Additionally, the number of phase singularity during
atrial fibrillation was larger in MetS than in control mouse.
Conclusion: We suggest extracellular Ca2+ and MetS both
upregulate SK currents in the atria. The effect of extracellular
calcium on the atrial CV is different between MetS and CTL
mouse. Apamin-sensitive SK current may play an important role
in the atrial repolarization of MetS and associated
arrhythmogenesis.
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restores the autonomic dysfunction and disordered sleep pattern
to normal physiological status. The findings suggest that RDN
may improve sleep-related arrhythmia and sudden cardiac death
after MI by restoring autonomic homeostasis.

PO-630-03
EFFECTS OF RENAL DENERVATION TO SLEEP APNEA
AND CARDIAC ARRHYTHMIA IN RATS WITH MYOCARDIAL
INFARCTION
Wei-Lun Lin PhD; Li-Wei Lo MD, PhD; Chun-Ting Lai; YuHui Chou MS; Shin-Huei Liu MD; Wen-Han Cheng MD;
Tsung Ying Tsai MD; Cheryl C.H. Yang; Terry B.J. Kuo and ShihAnn Chen MD
Background: Sympathetic hyperactivity and poor sleep quality
are reported in MI patients. Sleep is an important modulator of
cardiovascular function, both in physiological and pathological
states.
Objective: We aimed to evaluate the effects of renal denervation
(RDN) on cardiac autonomic activity and disordered sleep
pattern in a MI rat model.
Methods: Wireless transmission of polysomnographic recording
was performed in sham (n512) and MI (n515) rats during normal
daytime sleep before and after RDN treatment. Spectral analyses
of the electroencephalogram (EEG) and electromyogram (EMG)
were evaluated to define active waking (AW), quiet and
paradoxical sleeps (QS, PS). Cardiac autonomic activities were
measured by analyzing the power spectrum of heart rate variability.
Central sleep apnea (CSA) events were measured by analyzing
the EMG of the diaphragm (DEMG).
Results: In MI group, there was a higher LF/HF ratio during sleep,
and LF/HF ratio was reduced significantly after RDN treatment in
all sleep stages, when compared to that before RDN treatment
(Fig A), respectively. The percentage of QS stage significantly
decreased, and the frequency of sleep interruption was
increased in MI rats compared to sham, respectively (Fig C, D).
CSA events were significantly increased in MI rats (Fig E). Those
changes were ameliorated and restored to baseline after RDN
treatment in MI rats.
Conclusion: Our results demonstrate a significant sleep
fragmentation with sympathetic hyperactivity after MI, and RDN

PO-630-04
ELUCIDATION OF ALG10B AS A NOVEL LONG QT
SYNDROME SUSCEPTIBILITY GENE
Wei Zhou MD; Dan Ye MD; David Tester BS; Sahej Bains;
John R. Giudicessi MD, PhD; Carla Haglund-Turnquist;
Kate Orland MS, CGC; Craig T. January MD, PhD;
L. Lee Eckhardt MD, FHRS; Kathleen R. Maginot MD and
Michael John Ackerman MD, PhD
Background: Long QT syndrome (LQTS) is characterized by QT
prolongation and increased risk for syncope, seizures, and sudden
cardiac death. The majority of LQTS stems from pathogenic
variants in either KCNQ1, KCNH2, or SCN5A. However, w10% of
patients clinically diagnosed with LQTS remain genetically elusive.
Here, we used genome sequencing (GS) to identify a novel LQTS
genetic substrate in a multi-generational “genotype negative”
LQTS pedigree with a LQT2-like phenotype.
Objective: To identify the novel LQTS substrate in a multigenerational “genotype-negative” LQTS pedigree.
Methods: GS was performed on 5 affected family members. Only
rare (minor allele frequency , 5x10-5 in gnomAD) nonsynonymous variants present in all affected family members were
considered. The candidate variant was characterized functionally
in gene-edited, variant-corrected, isogenic control and patientderived pluripotent stem cell-derived cardiomyocytes (iPSCCMs) using western blot, immunocytochemistry, patch-clamp,
and multielectrode array (MEA) technologies.
Results: A missense variant (p.G6S) was identified in ALG10Bencoded alpha-1,2-glucosyltransferase B as the most likely
candidate. ALG10B is a known interacting protein of KCNH2encoded Kv11.1. Compared with isogenic control, p.G6SALG10B iPSC-CMs showed 1) decreased protein expression of
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ALG10B (p.G6S: 0.760.18, n58 vs. control: 1.2560.16, n59,
p,0.05); 2) significant retention of Kv11.1 in the endoplasmic
reticulum (p,0.0005); and 3) a significantly prolonged action
potential duration (APD) confirmed by both patch clamp (p.G6S:
531638 ms, n515 vs. control: 324622 ms, n513, p,0.001) and
MEA (p,0.0001). Lumacaftor, a compound known to rescue
Kv11.1 trafficking, shortened the pathologically prolonged APD
of ALG10B-G6S iPSC-CMs by 11% (n531 cells, p,0.001).
Conclusion: Here, we demonstrate that p.G6S-ALG10B downregulates ALG10B resulting in defective Kv11.1 trafficking and
APD prolongation. As such, ALG10B is a novel LQTSsusceptibility gene that serves as the pathogenic substrate for the
LQT2-like phenotype observed in a multi-generational pedigree of
previously genetically elusive LQTS. Inclusion and analysis of
ALG10B to the LQTS genetic test may be warranted, especially in
genotype-negative patients with an LQT2-like phenotype.

PO-630-05
A NOVEL MECHANISM OF SMALL-CONDUCTANCE CA2+ACTIVATED K+ CHANNEL ACTIVATION VIA NEURONAL
NITRIC OXIDE SYNTHASE INHIBITION IN RAT ATRIA
Taro Koya MD; Masaya Watanabe MD, PhD;
HIROYUKI NATSUI MD; takahide kadosaka M.D;
Takuya Koizumi MD; Motoki Nakao MD; Hikaru Hagiwara MD,
PhD; Rui Kamada MD, PhD; Taro Temma MD, PhD and
Toshihisa Anzai MD, PhD
Background: The presence of atrial fibrillation (AF) is associated
with electrical remodeling processes that promote a substrate for
the maintenance of AF itself. Small-conductance Ca2+-activated
K+ (SK) channel is a key factor in the atrial electrical remodeling.
However, the mechanism of its activation is unclear. A recent
study showed that neuronal nitric oxide synthase (nNOS)
expression and activity are reduced in AF patients and that nNOS
depletion causes the abbreviation of APD, leading to increased
AF vulnerability in animals. Decreased NO production, especially
driven by nNOS inhibition, might play a key role in the atrial
electrical remodeling, and the downstream alteration of SK
channels might result from this process.
Objective: We aimed to evaluate the potential of SK channel
blocking to mitigate abnormal electrophysiological properties and
the inducibility of atrial tachyarrhythmia which was induced by
neuronal nitric oxide synthase (nNOS) depletion, and to describe
the related mechanism.
Methods: Atrial tachyarrhythmia (ATA) induction and optical
mapping were performed on perfused rat hearts. nNOS was
pharmacologically inhibited by S-methylthiocitrulline (SMTC,
100nM). The influence of the SK channel was examined by a
specific channel inhibitor, apamin (100nM). Action potential
duration (APD), conduction velocity, and calcium transient (CaT)
parameters (CaTD, Rise time, T 1/2, Tau) were evaluated by
voltage and calcium optical mapping. Dominant frequency was
examined in the analysis of AF dynamics.
Results: SMTC increased the inducibility of ATA and apamin
mitigated the nNOS inhibition-induced arrhythmogenicity. SMTC
caused the abbreviation and enhanced spatial dispersion of
APD, which was reversed by apamin. In contrast, conduction
velocity was not affected by SMTC or apamin. Moreover, apamin
reduced the dominant frequency of SMTC-induced ATA. In
voltage and calcium optical mapping, STMC and apamin does
not altered parameters associated with CaT, however, SMTC
caused abbreviation APD, which was reversed by apamin.
Conclusion: Acute nNOS inhibition abbreviated APD via
activating SK channels. A specific SK channel blocker mitigated
APD abbreviation without alteration of CaT, implying an
underlying mechanism of post translational modification of SK
channels.
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PO-630-06
NEURAL MECHANISM FACILITATING PM2.5-RELATED
CARDIAC ARRHYTHMIAS THROUGH CARDIOVASCULAR
AUTONOMIC AND CALCIUM DYSREGULATION IN A RAT
MODEL
Tsung Ying Tsai MD; Li-Wei Lo MD, PhD; Wei-Lun Lin PhD; YuHui Chou MS; Wen-Han Cheng MD; Shin-Huei Liu MD and ShihAnn Chen MD
Background: Particulate matter,2.5mm (PM2.5) exposure is
associated with increased arrhythmia events and cardiovascular
mortality.
Objective: We aimed to investigate autonomic alterations in rats
after acute exposure to PM2.5.
Methods: Eleven male WKY rats were randomized to control
and PM2.5 groups. All were treated with two exposures of
oropharyngeal aerosol inhalations (1mg PM2.5 per gram of
body weight in 100 uL normal saline for PM2.5 group)
separately by seven days. Detailed procedure is shown in Fig.
A. Polysomnography and electrocardiography were
performed. Spectral analyses of the electroencephalogram
(EEG) and electromyogram (EMG) were evaluated to define
active waking (AW), quiet, and paradoxical sleep (QS, PS).
Autonomic regulations were measured by heart rate variability
(HRV).
Results: In sleep pattern analysis, QS interruption of the PM2.5
group was significantly higher than the control group (0.526
0.04events/min, 0.336 0.04events/min, p50.024). In HRV
analysis, the LF/HF was significantly higher for the PM2.5 group
than the control group (0.666 0.13, 1.166 0.05, p50.009),
largely driven by LF/HF increase during the QS phase (Fig. C).
Protein analysis showed that the PM2.5 group had significantly
lower L-type calcium channel, higher SERCA2 and rectifier
potassium channel expressions (Fig. D) than the control group,
respectively.
Conclusion: Our results showed that PM2.5 exposure leads to
interruption of QS, sympathetic activation, and recruitment of
compensatory calcium handling proteins. The autonomic and
calcium dysregulations developed after PM 2.5 exposure may
increase the risk of sleep-related arrhythmia.

PO-630-07
INVESTIGATION OF DIABETES-INDUCED ATRIAL
REMODELING IN A PRECLINICAL LARGE ANIMAL MODEL

Poster Session II
Sebastian Clauss MD; Philipp Tomsits MD; Julia Vlcek;
Valerie Pauly; Nora Hesse; Ruibing Xia; Simone Loy; LinaSophie Volz; Hannes Elias Villgrater; LAKSHME KOTTU;
Simone Renner; Stefan Kaab MD, PhD; Eckhard Wolf and
€ ttler MD
Dominik Schu
Background: Diabetes mellitus is associated with an increased
risk for arrhythmias such as atrial fibrillation (AF). The underlying
mechanisms, however, are incompletely understood, but may
include structural remodeling processes establishing a
proarrhythmic atrial substrate.
Objective: To evaluate diabetes-induced proarrhythmic
remodeling in a preclinical large animal model.
Methods: At the age of six months, transgenic pigs expressing a
mutant insulin gene (INSC94Y) and their wildtype littermates were
studied in vivo including left/right heart catheterization and
electrophysiology (EP) studies. Inducibility of AF was tested by
atrial burst pacing. Left atrial (LA) tissue was used to
histologically quantify fibrosis and to study the expression of
extracellular matrix genes/proteins.
Results: INSC94Y pigs showed significantly elevated blood
glucose levels indicating a diabetic phenotype (Fig.1A). In both
groups, hemodynamics and left ventricular function were normal
(Fig.1B-E). EP studies revealed significantly shorter refractory
periods (AERP, Fig.1G) and a significantly shorter Wenckebach
cycle length (Fig.1F) in diabetic pigs. Furthermore, diabetic pigs
were more susceptible to develop AF (Fig.1H). Histologic
assessment revealed significant LA fibrosis (Fig.1I) accompanied
by fibronectin upregulation (Fig.1J) in INSC94Y pigs. Further
analysis showed an upregulation/activation of the profibrotic TGFbeta pathway in diabetic pigs (Fig.1K-L).
Conclusion: Diabetic pigs show an enhanced susceptibility for AF.
Further studies suggest an activation of profibrotic TGF-beta
signaling leading to a structural substrate as a potential underlying
mechanism of diabetes-associated arrhythmogenesis.
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PO-630-08
INFLUENCE OF TWO NARCOSIS REGIMENS ON CARDIAC
ELECTROPHYSIOLOGY IN MICE
Philipp Tomsits MD; Dominik Schu€ ttler MD; Lina-Sophie Volz;
Aparna Sharma Chivukula; Ruibing Xia; Hannes Elias Villgrater;
Li Mo; Sarah Schneider and Sebastian Clauss MD
Background: Mouse models are commonly used to study
arrhythmia mechanisms in vivo. Different narcosis regimens have
proven feasibility in rodents with medetomidine (0.5 mg/kg),
midazolam (5 mg/kg) and fentanyl (0.005 mg/kg) (MMF) and
isoflurane (1-3 %)/fentanyl (0.05 mg/kg) (IF) among the most
commonly used regimens, but little data is available regarding
their effects on cardiac electrophysiology.
Objective: To investigate the effects of MMF and IF narcosis in
C57BL/6 wildtype mice on cardiac electrophysiology in vivo.
Methods: Telemetry transmitters were implanted in 4 C57/BL6
mice which served as controls for ECG analysis without
narcosis. In 22 mice ECG and invasive electrophysiology
studies were performed under narcosis (n510 MMF, n512 IF).
We assessed ECG, heart rate variability (HRV), sinus node
recovery time (SNRT), atrial, atrioventricular and ventricular
refractory periods (AERP, AVERP and VERP), Wenckebach
point, VA conduction and arrhythmia inducibility by burst
stimulation.
Results: MMF causes significant bradycardia (452 bpm baseline
vs. 271 bpm MMF, ****p , 0.0001), affects HRV indicated by
increased pRR50 (1.6 % baseline vs. 67.4 % MMF, ****p ,
0.0001), reduced LF/HF ratio (0.62 baseline vs. 0.16 MMF, *p 5
0.019) and both increased SD1 (15 ms baseline vs. 94 ms MMF,
****p , 0.0001) and SD2 (19.6 ms baseline vs. 48.5 ms MMF *p
50.017), and prolongs QRS duration (8.1 ms baseline vs. 11.6
ms MMF, *p 5 0.015) and QT interval (50 ms baseline vs. 68 ms
MMF, ****p , 0.0001). MMF prolongs SNRT (at 120 ms basic
cycle length 234 ms MMF vs. 145 ms IF, ***p , 0.001), antegrade
(69 ms MMF vs. 56 ms IF, ****p , 0.0001), and retrograde
conduction in the AV node (118 ms MMF vs. 89 ms IF, ***p ,
0.001), AVERP (67 ms MMF vs. 50 ms IF, **p , 0.01) and
ultimately leads to increased susceptibility for ventricular
arrhythmias (1.3 % MMF vs. 0 % IF, **p , 0.01) compared to IF.
Conclusion: Our results highlight a significant impact of MMF
narcosis on cardiac electrophysiology in mice. While IF only
moderately reduces heart rate, MMF leads to significant
bradycardia, QRS/QT prolongation and HRV alterations as well
as impaired sinus node and AV node function, ultimately resulting
in an increased inducibility of ventricular arrhythmias. Based on
these effects we suggest using IF narcosis to study cardiac
electrophysiology in mice.
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PO-631-01
TELEROBOTIC CARDIAC CATHETER ABLATION IN A
RURAL HOSPITAL: A PROOF-OF-CONCEPT SIMULATION
STUDY
Stephen P. Seslar MD, PhD, CCDS, CEPS-P; Brian Serafini PhD;
Lanu Kim PhD; Basil Saour MD; Blake Hannaford PhD;
Tadayoshi Kohno PhD; Ryan Hansen PhD; PhD. Ryan james and
Wayne Monsky MD, PhD

S168
Background: Telerobotic surgery could improve access to
specialty procedures such as cardiac catheter ablation in rural
and underserved regions in the US and worldwide.
Advancements in telecommunication, internet infrastructure, and
surgical robotics are lowering the technical hurdles for this future
healthcare delivery paradigm. Nonetheless, important questions
remain regarding the safe implementation of telerobotic surgery
in rural community hospital settings.
Objective: The purpose of this study was to pilot test a system
and methods to explore remote surgery in a rural community
hospital setting using a novel telerobotic catheter ablation
platform.
Methods: Telerobotic System: We assembled a portable preclinical telerobotic catheter ablation system from commercialgrade components using 3rd party vendors. A Plexiglas case
housed a 3-dimensionally printed cardiac model and
simulated vasculature to represent the patient. Finally, we
used a proprietary telerobotic cloud service and an off-theshelf VR headset to allow a remote operator to perform the
simulated telerobotic operations. Simulations: We carried out
eight simulations with an experienced operator in Chicago, IL,
and the Operating room (OR) team at Ocean Beach Hospital,
a rural community hospital in Ilwaco, WA. OR team members
were assigned to one of two simulation scenarios: loss of
network connection or cardiac perforation with subsequent
life-threatening tamponade physiology. Ethnographic Study:
Two ethnographers observed and recorded each simulation
via two stationary cameras in the rural hospital OR. The
ethnographers also conducted semi-structured and focus
group interviews.
Results: Interviews and observations suggested that rural OR
teams could readily adapt to the telesurgery context. However,
team perceptions of communication and emergency
management were significantly impacted during simulated
network failure with loss of contact with the remote operator. Most
participants believed the team would have been more responsive
to the challenges had they received formal training or had prior
experience with the procedure.
Conclusion: We demonstrate feasibility of a system and
methods for the study of specialty telerobotic surgery in a rural
hospital OR setting.

PO-631-02
RIGHT PRECORDIAL U WAVES IN SEVERE AORTIC
STENOSIS: PREVALENCE IN A "REAL WORLD" COHORT
AND DIMINUTION BY TAVR
Joshua Lampert MD; Matthew Pulaski MD; Marc A. Miller MD;
William Whang MD, FHRS; Jacob S. Koruth MBBS, MD;
Daniel Ross Musikantow MD; Daniel N. Pugliese MD;
Abhishek Maan MBBS; Shreyas Havaldar;
Benjamin Glicksberg PhD; Samin Sharma MD;
Valentin Fuster MD, PhD; Srinivas R. Dukkipati MD, FHRS and
Vivek Y. Reddy MD
Background: Using a convolutional neural network (CNN),
artificial intelligence has identified patients with moderate or
severe aortic stenosis (AS) based solely on the 12-lead ECG.
Saliency mapping (which elucidates feature importance used by
CNNs employing deep learning algorithms in model prediction)
identified right precordial U waves as a key ECG feature to
identify AS.
Objective: To assess both the real-world presence of U waves in
severe AS and any effect of TAVR on dynamic U wave changes.
Methods: In a retrospective analysis of patients with severe AS
undergoing TAVR, the right precordial U wave was defined as a
positive deflection in leads V1-V3 - after the T wave within a
distinct T-P segment not due to artifact. U wave diminution was
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defined as a reduction in amplitude of visible U waves in leads
V1-V3 (if present pre-TAVR).
Results: From August to November 2021, a total of 16
consecutive patients were analyzed. The cohort was 50% male
and 50% female (8 patients each). The mean age was 80.6 yrs
(95% CI 75.9-85.3) and the mean baseline LVEF was 61% (95%
CI 56-67%). TAVR decreased the peak velocity (by ECHO) from
4.7m/s (95% CI 4.4-4.9) to 2.3m/s (95% CI 2.0-2.6, p,0.0001),
mean gradient from 55mmHg (95% CI 48-62) to 12mmHg (95%
CI 9-16, p,0.0001) and increased the valve area from 0.67 cm2
(95% CI 0.61 to 0.73) to 1.6 cm2 (95% CI 1.4-1.9, p,0.0001). U
waves were present in 13 pts (81%; mean amplitude 0.79 mm)
prior to TAVR. After TAVR, U waves disappeared in 8 pts (62%),
reduced in amplitude in 4 pts (30.8%; mean 40% reduction), and
were unchanged in 1 patient.
Conclusion: Right precordial U waves are present in w80% of
pts with severe AS, and reduce or disappear in w90% of pts postTAVR. Further studies should assess clinical outcomes,
diagnosis and treatment. This is one of the first examples of
clinical translation of machine learning-derived feature
importance in the real world.

PO-631-03
DEEP LEARNING FOR THE IDENTIFICATION OF PATIENTS
WITH A HIGH RISK FOR IDIOPATHIC VENTRICULAR
FIBRILLATION
Hidde Bleijendaal MD; Jussi Boersma BSc;
Ricardo Ricci Lopes MSc; Martijn H. van der Ree MD;
Veronique M.F. Meijborg PhD; Ahmad S. Amin MD, PhD;
Michiel M. Winter MD, PHD; Henk Marquering PhD;
Lambert Schomaker PhD; Aeilko H. zwinderman PhD;
Yigal M. Pinto MD, PhD; Arthur A.M. Wilde MD, PhD and
Pieter G. Postema MD, PhD
Background: A DPP6 gene risk haplotype, putatively enhancing
Purkinje fiber transient outward current Ito, associates with
familial idiopathic ventricular fibrillation (IVF). Outside this genetic
disposition, no clinical risk factors nor ECG features for IVF have
so far been identified to recognize those at risk for IVF.
Objective: We aimed to develop deep learning (DL) models to
predict the DPP6 risk haplotype on ECG and use explainable DL
to uncover the ECG specificities recognized by DL.
Methods: Raw 12 lead ECG data of DPP6 risk haplotype carriers
(n5156) and genotype negative family members (n5156) were
analyzed by multiple Convolutional Neural Networks (CNNs) with
various data preprocessing strategies, using 5-fold crossvalidation for testing. For each patient, the first recorded outpatient clinic ECG was used. Gradient weighted Class Activation
Mapping (GradCAM) visualized the ECG specificities most
important for a 2-Dimensional (2D) CNN.
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Results: The Area Under the Curve Receiver Operating
Characteristic (AUC) of the different models to differentiate DPP6
positive from negative family members, was 0.69-0.85. The best
performing DL models were a 1D CNN (AUC 0.85) using raw
waveform data and a 2D CNN (AUC 0.82) using an image of the
mean P-QRS-T complex of each lead. 2D CNN GradCAM
showed the QRS complexes of leads I and V5, among other
activated ECG regions, to be most important (Figure 1).
Conclusion: In contrast to previous standard ECG analyses, DL
models can detect the DPP6 IVF risk haplotype with good
accuracy. In addition, GradCAM uncovered that lateral lead QRS
complexes were of most importance, matching with the inferred
pathophysiological mechanism of increased Ito in Purkinje. It is
important to take into consideration that the saliency of heat-map
patterns in I and V5 is not the consequence of a targeted
optimization, but the emergent result of training the model to
perform the binary decision task, highlighting the most relevant
information for this task. However, ultimately, DL models might be
able to identify pre-symptomatic IVF patients in and outside the
DPP6 risk haplotype, enabling patient tailored pre-symptomatic
treatment.
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recording and a simultaneous 12-lead ECG. The SWAD
(“normal”, “AF” or “inconclusive”) was compared with the
smartwatch ECG and 12-lead ECGs as interpreted by two
cardiologists.
Results: Of the 734 patients, 547 were in NSR (75%) and 187
were in supraventricular tachycardia (SVT, 25%) including AF,
atrial flutter (AFL) or atrial tachycardia (AT). Overall, the SWAD
was NSR in 455 (62%), AF in 137 (19%) and inconclusive (IC) in
142 patients (19%). For the whole cohort, sensitivity and
specificity for AF and AFL/AT was respectively 70% and 81%.
For patients in NSR, 105 were classified as AF or IC. Of these
false positives, 27 (26%) had sinus node dysfunction, 19 (18%)
had second or third degree AV block, 18 (17%) had premature
ventricular contractions (PVCs), 18 (17%) had an
intraventricular conduction delay (IVCD) and 9 (9%) had a
ventricular paced rhythm. For patients in SVT, 58 were
classified as NSR or IC. Among these false negatives, 21 (36%)
had an IVCD, 7 (12%) had a ventricular paced rhythm, and 5
(9%) had PVCs. Moreover, for patients in AFL/AT the SWAD
identified “AF” in only 1/22 patients. When excluding patients
with IVCD, PVCs and paced rhythm, sensitivity and specificity
for AF was 77% and 83%.
Conclusion: In 734 patients with various ECG anomalies, the
SWAD failed to identify patients with AF and AFL/AT in a
significant proportion of patients. The clinician needs to take
these limitations into consideration when using smartwatch
automatic diagnosis for the detection of AF.

PO-631-05
PO-631-04
ACCURACY OF A SMARTWATCH ECG TO DIAGNOSE
ATRIAL FIBRILLATION AND NORMAL SINUS RHYTHM
 o CAILLOL;
Hugo-Pierre Racine MD; Marc Strik MD, PhD; The
Saer Abu-Alrub MD; F. Daniel Ramirez MD, MS;
Hugo Marchand MD; Samuel BULIARD MD;
Michel Haissaguerre MD, PhD; Sylvain Ploux MD, PhD and
Pierre BORDACHAR MD, PhD
Background: Select smartwatches offer the ability to record a
single-lead ECG with automated detection of atrial fibrillation
(AF). The growing use of these devices by consumers is
accompanied by mass screening of AF. However, the accuracy of
the smartwatch automatic diagnosis (SWAD) of AF has only
been validated in limited number of patients, often excluding
patients with comorbidities or low/high heartrates.
Objective: We assessed the ability of SWAD to correctly detect
AF or normal sinus rhythm (NSR) with a 12-lead ECG expert
diagnosis in a large cohort of patients with various ECG
anomalies.
Methods: 734 consecutive hospitalized patients (without
exclusion criteria) underwent a 30-seconds Apple Watch

A MOBILE APP FOR IMPROVING THE COMPLIANCE TO
REMOTE MONITORING OF PATIENTS WITH CARDIAC
IMPLANTABLE DEVICES: A MULTICENTER EVALUATION
IN CLINICAL PRACTICE
Carlo Lavalle MD; Vincenzo Coscia MD;
Ernesto Ammendola MD; Giuseppe Busacca MD;
Carmen Adduci MD; Ermenegildo de Ruvo MD;
Luca PANCHETTI MD; STEFANO VIANI MD;
Giuseppe Ammirati MD; Giampaolo Sanna MD; Giulio Molon MD;
Fabio Quartieri MD; Rita Di Rosa MD; Sergio Valsecchi and
Valter Bianchi MD
Background: The use of remote patient monitoring (RPM) is
recommended for patients with cardiac implantable electronic
devices (CIEDs). The continuity of monitoring is crucial, indeed
patients who consistently transmit data using RPM were shown
to be at substantially lower risk of death and readmission. The
MyLATITUDE Patient App (Boston Scientific) has been
developed to encourage patient compliance to RPM by providing
him with information about communicator setup and
troubleshooting, connection status of the communicator,
scheduled transmissions, status of the implanted device battery.
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Objective: to describe and evaluate patients experience about
the App usage.
Methods: Starting from May 2021, patients with a compatible
CIED with RPM capabilities were invited to download and
install the App on a mobile device, at 14 Italian arrhythmia
centers. In November, patients were asked to reply to an ad
hoc questionnaire to describe and evaluate their experience.
Results: The App was proposed to 242 consecutive patients:
81 at implantation before RPM activation and 161 during
follow-up, 79% male, 67% .50years, 58% .secondary
education level. 177 (73%) patients successfully installed the
App, 49 (20%) declined, 12 (5%) did not have a suitable
phone, 4 (2%) experienced technical problems precluding
RPM activation. The App was installed by 127 (72%) patients
and/or by a caregiver in the remaining cases. Installation
problems were reported by 15 (8%) patients, and required
telephone support in 12 cases. Notifications of lack of
connection were received by 20 (11%) patients, and missed
scheduled transmission by 22 (12%) patients. The median
time from notification to resolution was 2 days (,1 week in
90%). At the time when the questionnaire was completed, 175
(99%) communicators were regularly transmitting data. The
information received from the App were deemed clear and
sufficient for the management and the installation of the
communicator by 94% of patients. The App was judged useful
or very useful for the verification of the monitoring status by
92% of respondents. Its use made 84% of patients feel
reassured.
Conclusion: The App proved to be well accepted. It made
patients feel reassured at home and offered support for
communicator management and installation. Its use seems to
result in very high continuity of monitoring.

PO-631-06
ARTIFICIAL INTELLIGENCE-ENABLED MODEL FOR
EARLY DETECTION OF LEFT VENTRICULAR
HYPERTROPHY AND MORTALITY PREDICTION IN YOUNG
TO MIDDLE-AGED ADULTS
Chih-Min Liu MD; Ming-En Hsieh; Yu-Feng Hu PhD; Tzu-Yin Wei;
I-Chien Wu; Pei-Fen Chen; Yenn-Jiang Lin MD, PhD;
Satoshi Higa MD, PhD, FHRS and Shih-Ann Chen MD
Background: Concealed left ventricular hypertrophy (LVH) is a
prevalent condition that is correlated with a substantial risk of
cardiovascular events and mortality, especially in the young to
middle-aged adults. Early identification of LVH is warranted.
Objective: In this work, we aimed to develop an AI-enabled
model for early detection and risk stratification of LVH using 12lead electrocardiograms (ECGs).
Methods: By deep learning techniques on the ECG recordings
from 28,745 patients (20-60 years old), the AI model was
developed to detect verified LVH from transthoracic
echocardiography and evaluated on an independent cohort. The
LVH diagnoses were further correlated with future cardiovascular
and all-cause mortality.
Results: The area under the curve (AUC) of the AI model in
diagnosing LVH was 0.89 (sensitivity: 90.3%, specificity: 69.3%),
which was significantly better than that of the cardiologists’
diagnosis (AUC: 0.64). In the second independent cohort, the
diagnostic performance of the AI model was consistent (AUC:
0.86; sensitivity: 85.4%, specificity: 67.0%). After a follow-up of 6
years, AI-predicted LVH was independently associated with
higher cardiovascular or all-cause mortality (hazard ratio: 1.91
and 1.54, respectively) (Figure 1). The predictive power of the AI
model for mortality was consistently valid among patients with
different ages, sexes, and comorbidities, including hypertension,
diabetes mellitus, stroke, heart failure, and myocardial infarction.
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Last, we also validated the model in the international
independent cohort from Japan (AUC:0.83).
Conclusion: The AI model improved the detection of LVH and
mortality prediction in the young to middle-aged population and
represented an attractive tool for risk stratification. Early
identification by the AI model gives every chance for timely
treatment to reverse adverse outcomes.

PO-631-07
A NOVEL METHOD FOR EXPLAINABLE DEEP NEURAL
NETWORK-BASED INTERPRETATION OF
ELECTROCARDIOGRAMS USING VARIATIONAL AUTOENCODERS: THE FACTORECG
Rutger van de Leur; Max Bos MSci; Rutger J. Hassink MD;
Pieter A. Doevendans; Deepak Gupta and Rene Van Es PhD
Background: Deep neural networks (DNNs) show excellent
performance in interpreting electrocardiograms (ECGs), even for
novel applications such as detection of reduced ejection fraction
(EF). Despite these promising developments, clinical
implementation is hampered by the ‘black box’ nature of most
algorithms and the lack of adequate explainability techniques.
Especially, currently employed heatmap-based methods have
shown to be inaccurate.
Objective: We aimed to develop a novel method, based on a
variational auto-encoder (VAE), to identify the underlying factors
of variation in the ECG and use them to develop an inherently
explainable pipeline for automatic ECG interpretation.
Methods: We designed a b-VAE, that used the power of DNNs to
learn to summarize the ECG in only 21 continuous factors (the
FactorECG) by training on a database with 1.1 million ECG
recordings (https://decoder.ecgx.ai). These factors are explainable
through visualizations on both the model- and individual patientlevel and are subsequently used in common and interpretable
statistical methods. The predictive performance of the novel
explainable DNN is compared to state-of-the-art ‘black box’ DNNs
in three tasks: a conventional ECG interpretation task, detection of
reduced EF and prediction of one-year mortality.
Results: The explainable DNN was able to compress the ECG
into 21 generative ECG factors, which are associated with
physiologically valid underlying anatomical and (patho)
physiological factors. When applying the novel pipeline to the
three tasks, the explainable DNN performed on par with the
‘black box’ DNNs in conventional ECG interpretation (AUC 0.94
vs 0.96), detection of reduced EF (AUC 0.90 vs 0.91) and
prediction of one-year mortality (AUC 0.76 vs 0.75), while also
providing explainability on which ECG features were important
for prediction or diagnosis, in contrast to the ‘black box’ DNN
(Figure 1).
Conclusion: Future studies should employ DNNs that are
explainable by design to gain confidence in artificial intelligence
and make it possible to identify biased models to facilitate better
clinical implementation.
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Results: The app has received CPD accreditation in the UK and
has so far been used at the University of Oxford, University of
Leeds and Middlesex University. All trainees, medical students
and trainee nurses followed the self-study tutorials and took the
MCQ and interactive test which are embedded within the TCP
app. Development was based on Unity 3D and was made
available on iOS, Android, macOS, Windows and WebGL
platforms.
Conclusion: This project allowed us to meet an urgent
training need and at the same time expand our expertise and
market scope into clinical training. The impact on clinical
training was high and the societal benefit came from better
and quicker trained staff. The project was funded by an
Innovate UK grant.

PO-631-08
REAL-TIME INTERACTIVE 3D SIMULATION OF
TEMPORARY CARDIAC PACING
Vassilios Hurmusiadis BENG, MA, DPhil
Background: In response to the COVID19 pandemic the UK
NHS confirmed that more than 4,000 retired healthcare workers
had signed up to help battle the outbreak. At the same time large
numbers of doctors and nurses of all specialties were being
diverted to Intensive Care Unit (ICU) management. Evidently
there was a sharp increase in demand for rapid clinical training.
Temporary Cardiac Pacing (TCP) is one of the critical
interventions in ICU patients with acute respiratory distress
syndrome. It is an intervention that helps the heartbeat get back
to normal rhythm. Traditionally training for TCP takes place on the
patient.
Objective: In order to address the increased need for rapid
training, we set out to adapt our heart simulator for ICU procedure
training and provide a simulation-bases eTraining solution for
TCP.
Methods: We developed an application for TCP eTraining,
accessible on tablets and smart phones. The app is based on our
validated electromechanical simulation model of the heart and
realtime interactive 3D simulation technology. The app content
consists of a virtual heart in various arrhythmic states. A
simulated interactive pacemaker is connected to the heart model
and is capable of generating realtime changes in pacing location,
rate, voltage, sensitivity and mode. Real-time ECG signals are
being recorded on the virtual heart and are used to monitor the
effect of the pacemaker. Self-study tutorials introduce the
procedure and tests allow trainees to assess their learning
outcomes.
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PO-632-01
TRICUSPID VALVE ADVERSE EVENTS DURING LEADLESS
PACEMAKER IMPLANTATION
Robert G. Hauser BS, MD, CCS, FHRS, CCDS;
Jay D. Sengupta MD, FHRS and Susan Casey RN
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Background: The implantation of a leadless right ventricular
pacemaker (LPM) may be complicated by tricuspid valve injury or
interference with tricuspid valve function.
Objective: Characterize the nature, causes, and outcomes of
tricuspid valve injury and functional interference due to LPM
implantation.
Methods: The Food and Drug Administration’s Manufacturers
and User Facility Device Experience (MAUDE) database was
queried for tricuspid valve adverse events involving the
Medtronic Micra LPM that were reported by the manufacturer.
Results: From 2016-October 2021, 19 patients suffered a
tricuspid valve adverse event, including damage to the
leaflets, papillary muscle, or chordae tendineae (n514; 74%);
interference with valve closure (n53; 16%); and 2 LPMs were
irretrievably wedged in the tricuspid valve apparatus.
Damaged valves included: 1) torn leaflet or chordal tissue
found in the delivery system (n56) after complicated or failed
LPM recapture that necessitated removal without the LPM
retracted into the delivery system; all patients developed
tricuspid regurgitation, and one patient died. 2) valve damage
by the delivery system either directly (n56) or during LPM
recapture (n51) or removal by a snare (n51); all patients had
new or worsening tricuspid regurgitation; one patient died, 2
had valve repair, and one valve was replaced. In three patients
the LPM interfered with valve function; one had valve
replacement, one underwent LPM removal, and one was
treated medically. Of the 2 LPMs wedged in the tricuspid valve
apparatus, one required surgical removal and one was
abandoned.
Conclusion: Tricuspid valve trauma during LPM implantation
may cause significant regurgitation that results in poor outcomes
and requires medical or surgical intervention. Mechanisms
include direct valve injury by the delivery system, complications
of attempted LPM recapture, and LPM interference with valve
function.

multivariable models, use of each additional GDMT conferred
a 41% reduction in the risk of death in ICD recipients
(adjusted HR50.59, p,0.001) (Figure 1A) and a 30%
reduction in the risk of death in CRT-D recipients (adjusted
HR50.70, p50.006) (Figure 1B). Among patients on
quadruple GDMT, 1-year mortality was 2% in ICD and 0% in
CRT-D recipients.
Conclusion: A higher number of prescribed GDMT at the time of
device implantation is associated with better longevity in primary
prevention ICD recipients with or without CRT. Initiation of
maximum tolerated GDMT medications should therefore be the
goal in these patients. In the setting of optimal GDMT, the survival
benefit of primary prevention ICD warrants re-examination in
future studies.

PO-632-02

Faris Haddadin MD; Monil Majmundar; Robert Pecha MD;
Claire Scott; Marilyne Daher; Soufian AlMahameed MD, FHRS;
Christopher V. DeSimone MD, PhD, FHRS; Yong-Mei Cha MD,
FHRS; Siva K. Mulpuru MD, FHRS; Kenneth A. Ellenbogen MD,
FHRS; Mohammad Saeed MD; Mihail G. Chelu MD, PhD, FHRS
and Abhishek J. Deshmukh MBBS, MD, FHRS

GUIDELINE DIRECTED MEDICAL THERAPY AND THE RISK
OF DEATH IN PRIMARY PREVENTION DEFIBRILLATOR
RECIPIENTS
Mehak Dhande MD; Gautam Rangavajla MD;
Ann Canterbury MD; Mohanad Hamandi MD; Hetal Boricha MD;
David Newhouse BS; Floyd Thoma BS; Suresh Mulukutla MD;
Konstantinos N. Aronis MD, PhD; Aditya Bhonsale MD;
Krishna Kancharla MBBS; Alaa Shalaby MD, FHRS;
Mark Estes MD, FHRS, CCDS; Sandeep K. Jain MD, FHRS and
Samir F. Saba MD, FHRS
Background: Primary prevention implantable cardiac
defibrillators (ICD) are indicated in patients with heart failure and
severely reduced ejection fraction (EF). Quadruple guidelinedirected medical therapy (GDMT) with ACE inhibitors/ARB/ARNI,
beta-blockers, aldosterone antagonists, and SGLT-2 inhibitors is
indicated in this population.
Objective: To investigate the impact of number of GDMT
medications prescribed at the time of device implantation on allcause mortality at one year in primary prevention ICD recipients.
Methods: We analyzed data from 4,972 ICD and cardiac
resynchronization therapy ICD (CRT-D) recipients at our
institution, based on the sum of GDMT medications
prescribed. We examined mortality using Cox multivariable
models adjusting for age, EF, and the Elixhauser comorbidity
score.
Results: Our cohort had 5%, 20%, 52%, 22%, and 1% of
patients prescribed 0, 1, 2, 3, or 4 GDMT, respectively. In the

PO-632-03
COMORBIDITIES, CLINICAL OUTCOMES AND
PREDICTORS OF COMPLICATIONS IN PATIENTS WITH
LEADLESS PACEMAKER

Background: Leadless pacemakers have emerged as a viable
alternative for traditional transvenous pacemakers to reduce the
risk of device-related complications
Objective: This study aimed to examine the real-world clinical
outcomes and complications associated with implantation of
leadless pacemaker devices
Methods: Using the National Readmission Database, we
examined patient demographics, in-hospital, and 30-day
procedural outcomes after leadless pacemaker implantation
from 2016-2018. Our cohort was comprised of all adults (18
years) with an ICD-10 procedural code for leadless pacemaker
implantation
Results: Our cohort included a total of 7,821 patients that
underwent leadless pacemaker implantation. Pericardial effusion
without the need for pericardiocentesis occurred in 1.9% of
patients, while pericardiocentesis was performed in 1.0%.
Vascular complications occurred in 2.3% of patients. The most
significant predictor for procedural complications was end-stage
renal disease (OR 2.36, 95% CI 1.56-3.56, P50.002), chronic
liver disease (OR 2.08, 95% CI 1.32-3.28, P50.019),
coagulopathy (OR 1.57, 95% CI 1.08-2.29, P .0.001), and
female gender (OR 1.45, 95% CI 1.07-1.97, P .0.001). All-cause
readmission occurred in 17.9% of patients within 30 days from
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device implant, with 1.36% of readmissions being procedural
related. At 30 days post-implant and after discharge, 0.25% of
patients needed a new pacemaker and 0.18% had pericardial
complications
Conclusion: We found the rate of complications related to
leadless pacemakers placement to be slightly higher than postapproval registery studies, but the rate of serious complications
remained relatively low in a high-risk population with multiple
comorbid conditions

PO-632-05
LONG-TERM FOLLOW-UP ON PERFORMANCE OF SINGLECONNECTOR (DF4) IMPLANTABLE DEFIBRILLATOR
LEADS: EXPERIENCE FROM A SINGLE TERTIARY CARE/
REFERRAL CENTER

PO-632-04
PATTERNS OF DEVICE-RELATED INFECTION IN DE NOVO
TRANSVENOUS IMPLANTABLE CARDIOVERTERDEFIBRILLATOR MEDICARE PATIENTS WITH
UNDERLYING RENAL DISEASE
Mikhael F. El-Chami MD, FHRS; Yiyan Liu; Amy Brisben CCDS
and Robert Griffiths
Background: Renal disease is a risk factor for device infection in
transvenous implantable cardioverter-defibrillator (TV-ICD)
implants.
Objective: Since chronic dialysis treatment for advanced renal
disease creates a portal of entry for bacteria that can seed
indwelling devices, we hypothesized that infection risk could
accelerate after TV-ICD implantation in renal patients, especially
dialysis dependent (DD) patients.
Methods: Medicare 100% administrative and claims data were
used to identify patients who underwent de novo TV-ICD
implantation (7/2016-12/2018). Patients were followed up to
540 days post implantation. Baseline characteristics, including
renal disease (none; renal-non-DD; and renal-DD), and device
infection during follow-up were identified using claims diagnosis
and procedure codes. Statistical analysis consisted of Poisson
regression with restricted cubic splines, followed by plotting
predicted hazard ratios (HR) for TV-ICD infection in renal-nonDD and renal-DD patients to identify changes in infection risk
over time.
Results: 42,200 TV-ICD patients were included (9,151
[22%] renal-non-DD; 1,832 [4%] renal-DD), with 809 (2%)
device infections. The HRs for infection (Figure) increased
with time in both renal disease groups: 2.5-fold in renalnon-DD patients over 18 months; and almost 10-fold in
renal-DD patients before leveling off after approximately 12
months.
Conclusion: The risk of infection following TV-ICD implantation
is significantly higher in patients with underlying renal disease
and increases over time, particularly in patients who are dialysis
dependent.

Rand Ibrahim MD; Mounir Al-Gibbawi MD;
Neal Kumar Bhatia MD; Soroosh Kiani MD, MS;
Stacy B. Westerman MD, MPH; Anand D. Shah MD;
Michael S. Lloyd MD, FHRS; David B. De Lurgio MD, FHRS;
Anshul M. Patel MD, FHRS; Christine Tompkins MD, FHRS;
Angel R. Leon; Faisal M. Merchant MD, FHRS and Mikhael F. ElChami MD, FHRS
Background: Single-connector (DF4) defibrillator electrodes,
introduced 10 years ago, eventually became the predominantly
implanted trans-venous ICD leads. Assessment of their longterm performance comes primarily from manufacturer database
analyses.
Objective: We describe the long-term performance of DF4
defibrillator leads in a cohort of patients implanted and followed in
a single tertiary-care referral center.
Methods: A review of device interrogation reports in 5284
patients who received DF4 leads between 2011 and 2021
determined the frequency of lead-related abnormalities. We
defined failure/malfunction as an electrical abnormality requiring
revision to address a sudden increase (2X) in stimulation
threshold, a discrete jump in high-voltage impedance, or sensing
of non-physiologic intervals or noise. We documented time to
failure and the management for electrodes supplied by Boston
Scientific, Medtronic, and St. Jude/Abbott.
Results: The cohort included 33.8% women with a mean age at
implant of 60.6 years [95% CI 46.3-74.8]. The patients received
an average of 2.0 ICD leads. We followed them for 3.0 years [0.25.9]; 30% of them for . 5 years. 82 (1.6%) leads demonstrated
electrical abnormalities requiring revision. 64/82 leads that failed
underwent explanation/extraction and replacement; we
abandoned and replaced the other 18 (22%).Kaplan Meier
survival curve shows an overall lead survival rate of 98.5% at 10
years, with no difference between manufacturers in unadjusted
analyses. Multivariate analysis identifies younger patient age at
implant as an increased risk of failure (OR51.03 per year
younger age at implant, 95% CI 1.01-1.04). Cox-regression
models adjusted for age at implant, gender, and the presence of
additional leads, identifies Abbott leads as developing a
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significantly higher failure rate than Boston Scientific (2.6,
1.1-6.3). Although the Abbot failure numerically exceeded the
Medtronic rate, the difference fails to reach significance (1.1,
0.9-1.4).
Conclusion: DF4 leads demonstrate excellent longevity
profiles with overall survival .98% at 10 years. Historically
higher failure rates of other leads (DF-1, etc.) seen in younger
patients also occur with DF4 leads. The clinical relevance of
small differences in survival rates between manufacturers
remains unclear.
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noise. Low frequency signals on the Uni and Bi channels were
observed with beam on and off (E), resulting in over-sensed
events only when directly in the radiation beam and sensing Uni.
When directly in the beam, oversensing of A pacing on the V
sensing Uni channel was observed leading to pacing inhibition
(F). Post-radiation exposure interrogation was unremarkable
revealing no evidence of device malfunction.
Conclusion: Pacemaker malfunctions when directly in photon
radiation beam are related to oversensing and crosstalk
phenomena preferentially affecting the unipolar sensing
channel. There was no evidence of long-term device
malfunction upon repeated interrogations despite multiple
exposures.

PO-632-07
EFFECTIVENESS OF THE WEARABLE CARDIOVERTER
DEFIBRILLATOR IN PATIENTS WITH COVID-19
Nicole Bianco PhD; Nan Song; Bahar Davoudi and
Steven J. Szymkiewicz MD

PO-632-06
REAL-TIME EX-VIVO RADIOTHERAPY IMPACTS ON
PACEMAKER FUNCTION ARE MINIMAL
John Whitaker BCH, BM, PhD; Omar Kreidieh MD;
Jeremy Bredfeldt; 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; Bruce A. Koplan MD, MPH, FHRS;
Raymond Mak; Neil Martin; Usha B. Tedrow MD, MS, FHRS;
Paul C. Zei MD, PhD, FHRS and
William H. Sauer MD, FHRS, CCDS
Background: There is a paucity of data regarding the safety of
radiotherapy in patients with pacemakers and the impact of linear
accelerator parameters is unclear.
Objective: To assess the function of pacemakers when exposed
to different linear accelerator parameters.
Methods: Pacemakers (2 single, 1 dual chamber) were exposed
to radiation at dose rates 0.2-11.8Gy/min. Dose rate was
modulated by adjusting the distance from the beam edge, linear
accelerator pulse repetition rate (rep rate) and distance from
source. Noise amplitude, pacemaker output, and device behavior
during irradiation were assessed in VVI or DDD modes.
Results: Each device was irradiated 28 times for 10 seconds.
Noise amplitude on bipolar (Bi) channel increased with dose rate
(r250.3611, p,0.0001, B) and on unipolar (Uni) channel
decreased with rep rate (r2 5 0.09, p,0.01; C). On both channels
noise amplitude decreased with distance from field edge (Bi
r2 5 0.53, p,0.01; Uni r2 5 0.42, p,0.01; D). No over-sensed
events occurred in response to radiation induced background

Background: COVID-19 (Co) is associated with a higher risk of
arrhythmias, including fatal ventricular arrhythmias (VA). The
mechanism is not well known, but may involve acute myocardial
injury, QT prolonging drugs, inflammation and/or worsening of
pre-existing cardiovascular disease.
Objective: The objective of this study was to determine the VA
risk in Co pts that were prescribed the wearable cardioverter
defibrillator (WCD), and to demonstrate the potential benefit of
the WCD in pts diagnosed with Co and reduced ejection fraction
or other need for SCD protection.
Methods: A retrospective review of the manufacturer’s database
(ZOLL, Pittsburgh, PA) was conducted for pts prescribed the
WCD with positive diagnosis of Co at the time of initial use. From
1/ 2020 to 2/2021, 237 pts with Co (Co-pos) were fit with the
WCD. 474 (1:2) case matched Co negative pts (Co-neg) (on age,
gender, month of WCD start) served as a comparison.
Results: Patients Co-pos prior to WCD use (70% male, median
age 68) wore the WCD for a shorter period of time than Co-neg
pts (median 47 vs. 75 days, p,0.0001), but experienced higher
rates of VA. Overall, 22/237 (9.3%) of CO-pos pts and 11/474
(2.3%) Co-neg pts had appropriate shocks of VT or VF. This
translates to 4.9 events per patient-month of use for Co-pos pts
vs 1.0 in CO-neg pts, p,0.0001). Severe bradycardia/asystole
events were also more common in Co-pos pts (4.7 per patientmonth vs. 0.1, p,0.0001), as were episodes of SVT (3.6 per
patient-month vs. 0.36, p,0.0001), Days to first appropriate
shocks did not differ significantly between the group (median 33
days for Co-pos, 23 days for Co-neg controls, p50.49. The rates
of cardioversion and survival were similar (18/22 of Co-pos and
11/11 of Co-neg pts who experienced VA).
Conclusion: In pts prescribed a WCD, rates of VT/VF are higher
in pts diagnosed with COVID-19 than in those without. The rates
of SVT and bradycardia are also higher. The WCD does
effectively treat VT/VF in CO-pos pts. Early detection of
arrhythmias may improve long term outcomes in these pts.
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PO-632-08
REDUCTION OF SUBCUTANEOUS DEFIBRILLATION
THRESHOLDS WITH A DUAL-COIL ELECTRODE SYSTEM
IN SWINE
Stephen Hahn PhD; Megan Fine DVM; Michelle Curtis;
Andres Belalcazar PhD and Wyatt K. Stahl BS, BSE, BSEE, CCDS
Background: S-ICD systems deliver 80 J shocks from a leftparasternal coil to a left lateral PG. A system that defibrillates
with lower energy could enable a significant reduction in PG
size. Computer models of shock fields in human torsos suggest
dual parallel coils lower shock impedance and may reduce
DFTs by w50%.
Objective: Compare defibrillation efficacy of single (S) and dual
(D) coil shock configurations in isoflurane-anesthetized swine.
Methods: Two 8 cm long coil electrodes were inserted
subcutaneously (SQ) and/or intermuscularly (IM), w1 cm apart,
along the sternal margin. The PG was placed IM in a left posterolateral pocket caudal to the scapula. DFTs of S and D were
randomly determined using an up-down process with 10%
voltage steps. VF was induced and continued for 10 s prior to test
shock. Testing continued until at least three reversals in outcome
occurred. DFT was computed by averaging the tested values.
Results were compared via t-tests.
Results: Shock impedance was lower than in humans and IM
vs SQ coil placement significantly affected results, likely due
to layers of sternal muscle that are not present in humans.
Impedance was always lower with D vs S, but SQ had higher
impedance than IM and had more impedance reduction with
D. DFT energies, known to be higher in swine than in humans,
were lower with D vs S but were also lower for IM vs SQ.
Conversely, IM had lower S impedance, so D had less effect.
Conclusion: Parasternal electrode configurations that
reduced shock impedance (intramuscular placement or dual
coils) also reduced DFT in swine, but to a lesser extent than
predicted by computer models of human torsos. Use of dual
coils to reduce DFT appears promising, but swine may not be
a good model for S-ICD. This requires study in humans.
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meta-analysis assessed the long-term outcomes of cardiac
resynchronization therapy (CRT) with or without defibrillation in
patients with NICM.
Objective: To evaluate effect of defibrillator on mortality in
non-ischemic cardiomyopathy with resynchronization
therapy
Methods: Databases were searched for studies reporting the
effect of CRTwith or without defibrillation on all-cause mortality in
patients with NICM (Ovid MEDLINE, EMBASE, Scopus, Web of
Science, Google Scholar, and EBSCO CINAHL). The primary
endpoint was all-cause mortality. The minimum duration of followup required for inclusion was one year. The search was not
restricted to time or publication status.
Results: The literature search identified 955 candidate studies,
of which 15 studies and 22,763 patients were included. Mean
follow up was 53 months (17-100 months). CRT-D in NICM was
associated with lower all-cause mortality (log HR -0.169, SE
0.055; p50.002) compared to CRT-P. Heterogeneity: df5 15
(P 0.03), I2 5 43; Test for overall effect: Z 5 -3.043 (P 5 0.002).
(Figure 1)
Conclusion: CRT-D in NICM was associated with lower allcause mortality compared to CRT-P.
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THE IMPACT OF INCISION TECHNIQUE ON
INAPPROPRIATE SHOCK RATES IN THE UNTOUCHED
STUDY

POSTER PO-633:
Posters: CIED at Pod 5
Friday, April 29, 2022
3:00 PM - 5:00 PM
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THE EFFECT OF DEFIBRILLATOR ON MORTALITY IN NONISCHEMIC CARDIOMYOPATHY WITH
RESYNCHRONIZATION THERAPY
mohammed al-sadawi MBChB; Faisal Aslam MD;
Saadat Aleem MD, PhD; Ibrahim O. Almasry MD;
Abhijeet Singh MD; Roger Fan MD, FHRS and Eric J. Rashba MD,
FHRS
Background: Recent studies have questioned the role of
defibrillators in non-ischemic cardiomyopathy (NICM). This

Mikhael F. El-Chami MD, FHRS; 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 CCDS; Nathan Carter MS; Michael R. Gold MD,
PhD, FHRS and Lucas V.A. Boersma MD, PhD
Background: Subcutaneous implantable cardioverter
defibrillators (S-ICDs) implant practice has evolved from the 3incision (3IT) to the 2-incision technique (2IT). In the
UNTOUCHED trial the 2IT was found to reduce implant time by
almost 15% but be an independent predictor of inappropriate
shocks (IAS). The 2ITrelies on tunneling the S-ICD lead vertically
from the supra-Xiphoid incision, thus the superior electrode is not
secured to the underlying muscle or fascia. Whether the
association between the 2IT and IAS is related to the technique
itself or confounding variables is unclear.
Objective: To investigate the association between 2IT and IAS in
the UNTOUCHED trial.
Methods: Primary prevention patients (pts) with ejection
fraction 35% and no pacing indication were prospectively
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enrolled and implanted with S-ICDs and followed for up to 18
months in the UNTOUCHED trial (n51111). IAS rates by
implant technique and by sense vector were evaluated and
Multivariable modeling was used allowing for interaction terms
with incision technique.
Results: Pts implanted using 2IT were more likely to be male
(p5.0131) and have lower BMI (p5.0016). Overall IAS rates
for pts implanted using 2IT were 4.7% vs 2.6% using 3IT. Pts
implanted using 2IT were three times as likely to receive IAS
due to non-cardiac oversensing (myopotentials, noise, etc;
1.8% vs 0.6%) and more than twice as likely to receive IAS
due to t-wave over-sensing (2.0% vs 0.9%). In pts implanted
using the 2IT, IAS rate was similar when the sense vector
included the distal electrode as compared to patients
programmed with the primary vector (distal electrode
excluded): 19 pts (2.4%) experiencing 29 episodes vs. 20 pts
(2.6%) experiencing 27 episodes respectively (p51.0).
Multivariable modeling results (table) showed the only
significant interaction term with 2IT was BMI, leading to less
risk of IAS. In contrast, 2IT remained a significant,
independent predictor of increased IAS and BMI was also an
independent predictor of increased IAS.
Conclusion: In the UNTOUCHED trial, the two-incision
technique was found to be an independent predictor of
inappropriate shocks. This increase does not appear to be a
consequence of an unsecured tip electrode. More analysis is
needed to further understand the interaction between the 2ITand
BMI on inappropriate shocks.
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Methods: A 7Fr conductance catheter (CD Leycom, the
Netherlands) was inserted into the RV to record PV loops during
speed optimization study in a 78 year old woman with nonischemic cardiomyopathy post CRT, pacemaker dependent atrial
fibrillation, and Heartmate 3 LVAD. Concurrently, pulmonary
arterial catheter (PAC) measured intracardiac pressure. Pacing
strategies were assessed at low (4800 rpm) and high speed
(5400 rpm). RV function was assessed by slope and contour of
end-systolic PV relationship (ESPVR) and end-diastolic PV
relationship (EDPVR).
Results: At low speed there was no significant change in RV
systolic or diastolic function among pacing strategies. At high
speed, peak pressure generation declined and ESPVR slope
was shallower with LV-only pacing. There was no significant
difference in RV function between BiV and RV-only pacing. PAC
measured pressure and cardiac output were unchanged with
pacing at both speeds.
Conclusion: RV PV analysis identified hemodynamic
changes associated with different pacing strategies not
evident with traditional assessment of filling pressures. LVonly pacing negatively impacted RV function while RV-only
and BiV pacing had similar RV hemodynamics. Further
investigation is needed to evaluate this pattern in additional
LVAD patients.

PO-633-04
WHAT’S ALL THAT NOISE? A CASE OF DEVICE TO
DEVICE INTERFERENCE DURING SECOND MICRA AV
IMPLANT NECESSITATING AD HOC OLDER DEVICE
EXTRACTION
Francis Thanh Phan MD; Ryle Przybylowicz BS, MD;
Uday Gajjandra Sandhu BS, MD; Christopher M. Verdick MD;
Ignatius Gerardo E. Zarraga MD, FHRS; Khidir Dalouk MD;
Merritt H. Raitt MD, FHRS and Peter M. Jessel MD, FHRS

PO-633-03
RIGHT VENTRICULAR PRESSURE ANALYSIS ASSESSING
THE IMPACT OF DIFFERENT PACING STRATEGIES
DURING A LEFT VENTRICULAR ASSIST DEVICE SPEED
OPTIMIZATION STUDY
Ellie Coromilas MD; Michael Lavelle MD; Michael I. Brener MD;
Gabriel Sayer MD; Melana Yuzefpolskaya MD; Justin Fried;
Hannah Rosenblum MD; Nadira Hamid MD; Sanjum Sethi MD;
Elaine Y. Wan MD; Nir Uriel MD and Jose M. Dizon MD
Background: CRT restores ventricular synchrony and improves
outcomes in advanced heart failure. It is unknown if the benefit of
CRT persists post LVAD; recent data suggest improved
performance status and quality of life with RV-only versus
biventricular (BiV) pacing. The mechanism underlying this
observation is uncertain.
Objective: To assess the acute hemodynamic impact of 3 pacing
strategies (BiV, RV-only, LV-only) with pressure volume (PV)
analysis.

Background: Implantation of leadless pacemaker devices is
becoming more prevalent in patients with relative
contraindications to traditional systems. To date, little has been
described about the complications that arise when patients
require implant of subsequent additional leadless devices.
Objective: To describe device-device interference as a
significant limitation to multiple leadless pacemaker
implantations.
Methods: N/A
Results: A 62 year old veteran with ESRD on HD via right IJ
tunneled catheter, Type 2 DM, mixed cardiomyopathy (LVEF 4045%) from severe aortic stenosis presented with symptomatic
complete heart block with a ventricular escape in the setting of
hyperkalemia from a missed dialysis session. He continued to
require temporary pacing despite correction of his electrolyte
derangements with HD. Due to poor transvenous options, he
underwent successful implantation of a leadless pacemaker
(Micra AV). He had good sensing (20 mV) and pacing parameters
on post op day 1(0.63v at 0.24ms, 830 ohms). Unfortunately, the
patient represented with symptomatic complete heart block 43

Poster Session II
days later with elevated device thresholds (4.5V at 0.4ms)
concerning for micro-dislodgement. Given ongoing relative
contraindications to a transvenous system and long-term
infection risk with planned renal transplant, he underwent implant
of a second Micra AV device. Multiple deployments on the
septum away from the initial device had poor thresholds.
Ultimately, the second device was placed very close but slightly
more basal to the initial device with excellent parameters. Soon
after, there was consistent noise from device-device interaction
with numerous V oversensing events on the new device
suggesting a mechanical interaction (initial device in non-pacing
mode). To avoid this interaction, the initial device was
successfully extracted by snaring the retrieval knob (25mm
Gooseneck snare, Mach-1 multipurpose catheter to angle snare
septal, medium curve Agilis sheath). The patient tolerated the
complex case well with excellent new device function over 9
months of follow-up.
Conclusion: Device-device interference may be a significant
limitation to multiple leadless pacemaker device implantations
and an important consideration in peri-procedural planning for
initial device as well as subsequent implants.
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the risk of damage to the S-ICD electrode during sternotomy and
of oversensing due to interaction with sternal wires has not been
defined.
Objective: To determine the risk of S-ICD electrode damage,
as well as oversensing of electrical noise due to interactions
between the S-ICD electrode and sternal wires.
Methods: Retrospective study of all patients implanted with a SICD between 2010 and 2021 at a single academic medical
center. All S-ICDs were implanted under fluoroscopy. The
electronic medical record of each S-ICD recipient was searched
to identify those undergoing a median sternotomy before or after
S-ICD implantation. Adverse events were sought, including
damage to the S-ICD electrode, change in lead impedance,
oversensing of electrical noise and failure to terminate
spontaneous ventricular arrhythmias.
Results: Among 392 patients who underwent S-ICD
implantation, 41 had undergone sternotomy before S-ICD
implantation and 6 underwent sternotomy after S-ICD
implantation. The majority (79%) were men. Mean age was 48 6
15 years, BMI 29 6 7 and LVEF 40 6 20%. Primary prevention
was the indication in 74%, and 36% had ischemic
cardiomyopathy. The median time between sternotomy and SICD implantation was 59 months (range 1-531). The median time
between S-ICD implantation and sternotomy was 14 months
(range 4-28). DFT testing was successful in all patients that
underwent testing (n537), with mean shock impedance 67 6 20
ohms; 1 patient required shock polarity reversal. Among those
undergoing sternotomy after S-ICD implant, no lead fractures or
major changes in impedance occurred. There were no
inappropriate shocks among the entire cohort of 47 patients due
to electrical noise artifact or ineffective shocks for spontaneous
arrhythmias. Six patients received inappropriate shocks due to T
wave oversensing.
Conclusion: Patients with pre-existing S-ICDs can safely
undergo sternotomy without high risk of lead damage. In addition,
the risk of interaction between the S-ICD electrode and sternal
wires appears low.

PO-633-06
SAFETY AND EFFICACY OF TRANSVENOUS LEAD
EXTRACTION IN PATIENTS WITH VERY LONG LEAD
DWELL TIME
Satish K. Misra MD; KAMALA SWAYAMPAKALA PhD;
Tricia Coons RCES; Magdalena Lesiczka RCES;
Claire Cerbie BSN; John W. Holshouser; Jeko Madjarov and
Rohit Mehta MD, FHRS

PO-633-05
MEDIAN STERNOTOMY BEFORE OR AFTER
SUBCUTANEOUS ICD IMPLANTATION DOES NOT DAMAGE
LEAD OR RESULT IN OVERSENSING
Alan M. Sugrue MBChB; Gustavo S. Guandalini MD;
Matthew Craig Hyman MD; Rajat Deo MD;
Pasquale Santangeli MD, PhD; Saman Nazarian MD, PhD,
FHRS; Jeffrey Arkles MA, MD; Michael P. Riley MD, PhD;
Robert D. Schaller DO, FHRS; Andrew E. Epstein MD, FHRS;
Sanjay Dixit MD, FHRS; David J. Callans MD, FHRS, CCDS;
Francis E. Marchlinski MD, FHRS and David S. Frankel MD, FHRS
Background: Implantable cardioverter defibrillators (ICDs)
reduce mortality among those at high risk of sudden cardiac
death. Subcutaneous ICDs (S-ICDs) are an attractive alternative
to transvenous ICDs among those not requiring pacing. However,

Background: Tranvenous lead extraction (TLE) is an important
component of lead management in patients with cardiac
devices. Lead dwell time has been associated with increased
procedural complexity and is often associated with a perception
of increased risk. There is, however, limited data on the safety
and outcomes of TLE in patients with leads of very long dwell
times.
Objective: Describe safety and outcomes of TLE in patients with
leads with a very long (.5 20 years) dwell time.
Methods: Patients undergoing TLE between 2013 - 2021 with at
least one targeted lead with 20 years or more dwell time were
identified from a single center prospective registry. Patient
characteristics, outcomes, and 30-day major adverse events
were collected. Clinical success of TLE was defined as the
removal of all targeted leads and all lead material from the
vascular space with less than 4 cm lead fragment residual that
does not negatively impact either the patient or procedural goals.
Lead-level analysis was summarized as number (percentage) for
categorical variables and as mean 6 standard deviation for
continuous variables. Major adverse events related to TLE
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procedure, in accordance with HRS guidelines, within thirty days
of the procedure were recorded.
Results: A total of 36 patients were included in the analysis with
71 leads of .5 20 years dwell time targeted for extraction. Mean
patient age was 60.4 years (6 15.1) with the majority of patients
having 2 indwelling leads. Included patients were
predominantly male (64%) and Caucasian (86%). Indications
included infection (25%), lead malfunction (32%); other
indications including vascular occlusion and system revision
made up the remaining 45% of cases. Among the 71 targeted
leads, 94% were pacing leads and the mean dwell time was 25
years (64.9 years). Initial applied tool was TightRail in 62% of
cases and a laser sheath in 37% of cases. A femoral approach
was ultimately required in 11% of cases. Clinical success was
achieved in 90% of patients. There was one major adverse event,
specifically vascular laceration requiring emergent sternotomy
for repair.
Conclusion: Leads with a very long (.520 year) dwell time can
be safely and successfully targeted for extraction. Further data
from larger multicenter cohorts is needed to help guide optimal
extraction strategies and patient selection.
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Methods: Procedural characteristics and electrophysiology
parameters in 81 patients who underwent LBAP at a tertiary
referral center were extracted from medical records. Data on RS
implants were compared to LS. Anatomical implant failure was
defined as inability to advance lead into septum.
Electrophysiologic failure was defined as QRS . 130 msec and/
or left ventricular activation time . 90 msec.
Results: Eleven pts had RS implants and 70 were LS. C315Ô
sheaths (Medtronic, Inc) were used in all RS implants and in 69/
70 LS pts. Deflectable sheath was used in 1 LS implant. One
septal perforation was observed in LS implant and lead was later
repositioned in RV. Acute lead dislodgment was seen in 1 RS and
3 LS patients. Procedural and pacing characteristics between RS
and LS implants were comparable (Table) and excellent with high
success rates for LBAP in both groups.
Conclusion: 1. High success rate with RS LBAP implants was
observed in a mixed patient population at a large tertiary referral
center.2. Procedural and pacing characteristics between RS and
LS implants were comparable.

PO-633-08
EVALUATION OF A NOVEL PREMATURE VENTRICULAR
CONTRACTION DETECTION ALGORITHM IN AN
INSERTABLE CARDIAC MONITOR
Harish Manyam MD; M. Rizwan Afzal MD;
Rakesh Gopinathannair MA, MD, FHRS; Fujian Qu; Paul Ryu and
Dhanunjaya R. Lakkireddy MD, FHRS

PO-633-07
RIGHT-SIDED VS. LEFT-SIDED LEFT BUNDLE AREA LEAD
IMPLANTS - A SUCCESS STORY?
Ioannis Koulouridis MD, MSc; Marianna Nikolaychuk MD;
Adhiraj Bhattacharya MD; Artem Astsaturov MD;
Danylo Zorin MD; John V. Wylie MD; Alena Goldman MD;
Shaw R. Natan MD and Michael V. Orlov MD, PhD
Background: His bundle pacing can be challenging from rightsided access. Success rate for right-sided (RS) left bundle area
pacing (LBAP) lead implants is unknown.
Objective: To investigate success rate and pacing parameters of
RS implants in comparison to left-sided (LS) in a tertiary referral
center.

Background: Frequent premature ventricular contractions
(PVCs) may induce arrhythmias, cardiomyopathy, and left
ventricular dysfunction. PVC identification and burden
quantification can be an important aspect of patient monitoring.
Objective: Evaluate a novel algorithm for PVC identification in an
insertable cardiac monitor (ICM).
Methods: The novel algorithm tracks R-R interval changes at
each beat to identify premature sensed ventricular events, and
then compares QRS morphologies to a self-updating template to
verify the premature excitations are originated from the ventricles.
The algorithm was trained using randomly selected symptom
electrograms (EGMs) from 94 Confirm RxÔ ICM devices, with a
total duration of 832 minutes. Performance was evaluated on
EGMs from independent devices. All EGMs were manually
adjudicated beat-by-beat and all annotated PVC beats (isolated,
couplets, triplets, etc.) were included in the analysis.
Results: The validation ICM data set consisted randomly
selected symptom EGMs from 100 devices, with a total duration
of 864 minutes. The table below shows the performance in
algorithm training and validation, quantified by sensitivity,
specificity, positive predictive value (PPV), negative predictive
value (NPV), and correlation coefficient between estimated vs
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actual PVC burden. The main causes of false positives were
oversensing and baseline wandering, whereas the main causes
of false negatives were signal saturation, long coupling interval,
and ventricular undersensing.
Conclusion: The novel PVC detection algorithm was able to
achieve 99.7% specificity while detecting 75.8% of true PVCs in
the ICM sensed signal. Prospective evaluation during continuous
monitoring is needed to confirm these findings.
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codes. Patients with sarcoidosis-related VT treated with CA were
identified using ICD-9 and ICD-10-PCS codes. 1:3 propensity
score matching (PSM) was used to compare patient
characteristics, mortality, in-hospital outcomes, and hospital
costs between CA and medically managed groups.
Results: Of 2331 sarcoidosis patients with VT, 92 (3.9%)
underwent CA. Patients who underwent CA were male
predominant (70.7%). After PSM, we identified 77 CA cases and
231 medically managed cases. Compared with patients who
were medically managed, there was a lower in-hospital mortality
rate (8.7% vs. 1.3%, p50.03) and higher mean hospital cost
($18,709 6 29,447vs. $40,824 6 17,053, P,0.001) in patients
who underwent CA. There were no significant differences in
acute heart failure (34.6% vs 23.4%, P50.07) and mean length of
hospital stay (7.0 6 8.9 vs 6.4 6 6.2, P50.48) between the two
groups. The most common complications were pericardial
drainage (5.4%), followed by postoperative hemorrhage (4.4%),
cardiac tamponade (3.3%), and accidental puncture periprocedure (3.3%). Independent predictors of in-hospital mortality
or procedural complications among patients who received CA
included congestive heart failure (odds ratio [OR], 11.2; 95% CI,
1.4-91.7) and mild to moderate renal disease (OR, 4.3; 95% CI,
1.1-16.5).
Conclusion: Our study suggests that the use of CA as an adjunct
therapy for sarcoidosis-related VT may be associated with lower
in-hospital mortality but higher mean hospital costs compared to
medical management. As with all retrospective analyses,
selection bias cannot be excluded, and prospective investigation
is recommended to better evaluate the benefits and risks of VT
ablation in patients with CS.

PO-634-02
SLOW PATHWAY MODIFICATION FOR
ATRIOVENTRICULAR NODAL RE-ENTRANT
TACHYCARDIA INSIDE CORONARY SINUS OSTIUM
UNDER CONVENTIONAL FLUOROSCOPY: A PILOT STUDY
Debabrata Bera MD
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PO-634-01
OUTCOMES OF CATHETER ABLATION FOR
VENTRICULAR TACHYCARDIA IN PATIENTS WITH
SARCOIDOSIS: INSIGHTS FROM THE NATIONAL
INPATIENT SAMPLE DATABASE (2002-2018)
Jian Liang Tan MD; Chengyue Jin MD; Justin Z. Lee MD;
john gaughan MS, PhD, MBA; Sei Iwai MD, FHRS and
Andrea M. Russo MD, FHRS
Background: Cardiac sarcoidosis (CS) is associated with poor
outcomes. The effect of catheter ablation (CA) on mortality in CS
has not been well studied.
Objective: We sought to determine mortality and in-hospital
outcomes of sarcoidosis-related ventricular tachycardia (VT),
and incidence and predictors of peri-procedural complications
associated with the CA procedure.
Methods: We queried the 2002 - 2018 National Inpatient Sample
(NIS) database to identify patients age 18 with a primary
diagnosis of VT and who also had a secondary diagnosis of prior
history of sarcoidosis using ICD-9 and ICD-10-CM diagnosis

Background: Anatomical slow pathway (SP) modification in the
lower triangle of Koch (TOK,M2-P1 region) is the conventional
mode of radiofrequency ablation(RFA) for atrioventricular nodal
re-entrant tachycardia(AVNRT). Sometimes, AVNRT can still
remain inducible.
Objective: To see whether ablation inside CS ostium is safe and
feasible
Methods: We retrospectively analyzed AVNRT cases where
ablation under fluoroscopy in lower TOK was unsuccessful. A
maneuver with timed atrial premature depolarisation(APD) from
2-3 cm inside coronary sinus(CS) was performed to prove/
exclude left sided SP inputs. Then, RFA was attempted just inside
CS ostium near roof (within 1 cm).
Results: Among 130 AVNRT cases, ablation in TOK was initially
unsuccessful in 11. After excluding 3 cases with anatomic
variability, 8 cases (including 2 with left sided SP input) were
subjected to ablation just inside CS ostium near the roof. Among
the 8 cases - Age: 33617 years, Male 5 4. With this novel
approach 7/8 cases(including 2 left sided extensions) had acute
success with a median of 3 RF lesions. In 1 case (right sided SP),
this approach was unsuccessful and high up(M1-A2) ablation
was required.
Conclusion: SP modification just inside CS ostium appears
to be a safe and effective strategy for cases where
conventional ablation in lower TOK fails. Need for high up
ablation can be avoided minimizing the chance of AV nodal
injury. This can also obviate the need for left sided
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ablation.We propose the following stepwise algorithm for SP
modification- 1) Lower TOK and near floor of CS ostium, if
still inducible 2) Inside CS ostium (near roof), is still
inducible3) APD to confirm right vs. left sided SP - high up
ablation vs. trans-septal left sided ablation.
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border-zone was homogenized with ablation (40-50W, median
30 mins (IQR 23-27), and clinical VT was non-inducible in all,
and 10 patients (91%) remain VT-free at median 90-day followup (IQR 23-139).
Conclusion: The bipolar voltage that differentiates putative scar
from bordering conducting tissue is unique to each patient, and
far lower than 0.5mV-1.5mV. RM presents a practical approach to
individualize scar delineation and visualize the border-zone
activation to guide ablation.

PO-634-03
RIPPLE MAPPING: A PRACTICAL APPROACH TO
DIFFERENTIATE VENTRICULAR SCAR FROM BORDERZONE SLOW CONDUCTION USING CARTO RIPPLE
MAPPING DURING VENTRICULAR TACHYCARDIA
ABLATION
Dibbendhu Khanra MD, CCDS; Peter Calvert MBChB;
Susan Hughes; Paul Wright CVT; Saagar N. Mahida MBChB,
PhD; Mark Hall MBBS; Derick Todd; Dhiraj Gupta MBBS, MD and
Vishal Luther MBBS
Background: Areas of ventricular scar and border-zone slow
conduction are often highlighted on a bipolar voltage map with
generalized values 0.5mV-1.5mV. The true voltage that
differentiates regions of conducting tissue from nonconducting scar is unknown. Ripple mapping (RM) is a core
feature within CARTO3 that displays the bipolar electrogram
amplitude from each point as a white moving bar. Conducting
tissue is seen as areas supporting Ripple activation, and
electrical scar as areas devoid of Ripple activation.
Objective: We describe how CARTO RM were used to
differentiate areas of putative ventricular scar from conducting
tissue during VT ablation.
Methods: Dense bipolar voltage maps were created (Pentaray
catheter, pacing 80-100bpm) and presented as a single value
(e.g. 0.5mV-0.5mV) to binarize the color display (red and purple).
RMs were superimposed on the voltage map and played above a
pre-set noise threshold (.0.05mV) to minimize artifact. The
voltage map mV limit was sequentially reduced until only those
areas devoid of Ripple bars appeared red to define scar threshold
(Figure). The surrounding border-zone supporting ripple
activation thus appeared purple. We performed a retrospective
analysis of scar thresholds from a series of RM guided VT
ablations.
Results: 11 consecutive pts (LVEF 34.567.6%, 9 endocardial
post-infarct, 2 epicardial non-ischemic) underwent VT ablation
(median 20 days since last VT (IQR 12-37)). Bipolar voltage
mapping (633462817 points, median shell area 247cm2),
revealed voltages ,0.5mV covered a median 10% (IQR 616%) of the shell. The scar threshold, defined using RM, was
median 0.2mV (range 0.12mV - 0.3mV) and covered only
median 3% (IQR 2.5-6%) of the entire shell. VT was mappable
in 4 patients, and the isthmus was bordered by tissue below
the same scar threshold as found in normal rhythm. The

PO-634-04
FLUOROLESS CRYOBALLOON ABLATION FOR
PULMONARY VEIN AND LEFT ATRIAL POSTERIOR WALL
ISOLATION IN PATIENTS WITH PERSISTENT ATRIAL
FIBRILLATION: A SINGLE CENTER EXPERIENCE
David Chang MD; Gary Peng; Uyanga Batnyam MD;
Esseim Sharma MD; Sunil Kapur MD; Bruce A. Koplan MD, MPH,
FHRS; David T. Martin MD, FHRS, CCDS; William H. Sauer MD,
FHRS, CCDS; Usha B. Tedrow MD, MS, FHRS; Paul C. Zei MD,
PhD, FHRS and Thomas M. Tadros MD, MPH
Background: Fluoroless electrophysiology procedure
techniques have gained popularity for safely minimizing radiation
exposure to patients and operators. While cryoablation for
concomitant pulmonary vein isolation (PVI) and left atrial
posterior wall isolation (PWI) have shown long-term efficacy in
patients with persistent atrial fibrillation (AF), no studies have
assessed the efficacy of the cryoablation utilizing a fluoroless
technique.
Objective: To assess outcomes of fluoroless cryoablation for
concomitant PVI and PWI in patients with persistent AF.
Methods: From March 2019 to September 2021, 28 consecutive
patients with persistent AF with no prior AF ablations who
underwent concomitant fluoroless PVI and PWI were included.
Patient demographics, procedural details including the
procedural time, and follow-ups were retrospectively analyzed
(Tables 1 and 2).
Results: Fluoroless cryoablation for concomitant PVI and PWI
was successfully achieved in 24 subjects (85.7%).
Radiofrequency ablation was required in four patients (14.3%) to
achieve PVI/PWI or avoid phrenic nerve injury. The average
procedural time was 277 6 49 minutes and there were no
procedural complications. After 357 6 285 days, 3 patients
(10.7%) had recurrence of AF after 2 patients (7.1%) had new
onset of atrial flutter.
Conclusion: Fluoroless cryoballoon ablation for PVI and PWI is
a safe and effective technique for first time ablation in patients
with persistent AF.
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pericardial effusion (1.4%), pericardial tamponade (0.06%), and
gastrointestinal bleed (1.5%). The most common reasons for ED
care were SVT/AF (15.0%), non-cardiac chest pain (13.3%), and
non-infectious respiratory illness (12.2%). The figure depicts
predictors of all-cause (A) hospital readmission and (B) ED care.
Conclusion: More than 1 in 7 patients requires unplanned
hospitalization or ED care after AF ablation, most commonly due
to SVT/AF. Predictors of unscheduled care include sex and
several patient comorbidities. This study can inform quality
improvement initiatives by identifying common causes for
unscheduled care.

PO-634-05
RATES AND PREDICTORS OF HOSPITAL AND
EMERGENCY DEPARTMENT CARE AFTER CATHETER
ABLATION OF ATRIAL FIBRILLATION
Daniel J. Friedman MD; James Freeman MD; Charlene Wong BS,
MPH; Janice Febre BSN; Rahul Khanna BPharm, MBA, PhD and
Jonathan P. Piccini MD, MHS, FHRS
Background: Rehospitalization and emergency department
(ED) evaluation after atrial fibrillation (AF) ablation is common.
Better identification of reasons for hospitalization and ED
evaluation after ablation are needed, particularly as same-day
discharge programs expand.
Objective: To define rates and predictors of hospital and ED care
after AF ablation in US clinical practice.
Methods: The Optum database was used to study patients
undergoing AF ablation between 1/1/16 -5/30/19. Primary
outcomes were all-cause hospital and ED care within 30 days of
discharge. Independent predictors of all-cause ER and hospital
admissions care were determined via logistic regression.
Results: Within 30 days of AF ablation, 1,440 of 18,848 patients
(7.6%) required hospital care and 15% had .1 admission; 7.9%
required ED care and 28.6% had .1 ED visit. The most common
reasons for hospital care were supraventricular tachycardia
(SVT) including AF (33.2%), heart failure (12.7%), and infection
(12.2%). Notably infrequent causes for hospital care included
angina or myocardial infarction (2.2%), ischemic stroke (1.5%),
transient ischemic attack (0.5%), intracranial bleed (0.7%),

PO-634-06
WHEN LOCAL IMPEDANCE MEETS CONTACT FORCE:
DATA FROM THE CHARISMA REGISTRY
Giuseppe Stabile MD; Valerio De Sanctis MD;
Ruggero Maggio MD; Luca Segreti MD;
gianluca zingarini MBChB, MD, MHA, MHS, PhD;
MARCO SCAGLIONE MD; Vincenzo Schillaci MD; massimo
mantica MD, MSN; Ferdinando Varbella MD;
Matteo Anselmino MD; Antonio Dello Russo MD, PhD;
FILIPPO Maria CAUTI MD; Luca Ottaviano MD;
Maurizio Malacrida MD and Francesco Solimene MD
Background: Highly localized impedance (LI) measurements
during AF ablation have emerged as a viable real-time indicator of
tissue characteristics and durability of the lesions created.
Objective: We investigated the impact of catheter-tissue contact
force (CF) on LI behavior during pulmonary vein isolation (PVI).
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Methods: Forty-five consecutive patients underwent de novo
radiofrequency (RF) atrial fibrillation catheter ablation procedure.
A new open-irrigated tip catheter with CF and LI measurement
capabilities (Stablepoint catheter, Boston Scientific) was used.
RF power was set at 45 W. During RF delivery, it was
recommended to reach and maintain displayed CF values
between 5 and 40 g. Ablation endpoint was PVI. Data are
reported as mean6DS.
Results: A total of 2895 point-by-point RF applications were
analyzed (RF delivery time (DT)58.764s, CF51368g, LI
drop52367U). All PVs were successfully isolated with an
overall procedure time of 118634min (fluoroscopy
time51368min). The magnitude of LI drop was weakly
correlated with CF (R50.13, 95% confidence interval (CI): 0.09
to 0.16, p,0.0001) whereas both CF and LI drop inversely
correlated with DT (R5-0.26, 95%CI: -0.29 to -0.22, p,0.0001
for CF; R5-0.36, 95%CI: -0.39 to -0.33, p,0.0001 for LI,
respectively). FigA. For each 5 grams of CF, LI drops markedly
increased from 22.2 to 24.6U at 5 to 25g CF intervals, whereas it
has a smooth transition over 25g (24.6U at 25-29g and 25U at
30g CF intervals). FigB. No major complications occurred
during or 30-day after the procedures.
Conclusion: CF significantly impact effective lesion formation
during RF PV isolation. The benefit of higher contact between the
catheter and the tissue over 25g of CF appears to have less
impact on the increase of LI drop.
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Methods: A LA bipolar voltage 3D map was created. All PVs
were individually isolated using a 13F steerable sheath and a
pentaspline over-the-wire PFA catheter. After ablation,
mapping was repeated to assess lesion formation. One day
after PVI, bronchoscopy without biopsies was performed.
Serial hemoglobin levels were measured during 30-day
follow-up.
Results: In 30 patients (mean 63 years; 47% male),
uncomplicated PFA was performed, with all PVs acutely
isolated. Post ablation, all voltage maps consistently showed
extensive antral PV lesions. ACT was .325 seconds in all
patients. Clinical course was uneventful, no patient had chest
discomfort, coughing or hemoptysis. All patients underwent
uncomplicated bronchoscopy, without thermal lesions or ulcers.
In 12 patients (40%), small amounts of blood clots without active
bleeding were seen in multiple segments. All hemoglobin levels
remained stable. At 30-day follow-up, all patients were
asymptomatic.
Conclusion: PVI using PFA for paroxysmal AF is safe for the
bronchial system. PFA using a straight tip, extra-stiff wire can
lead to asymptomatic blood oozing in the bronchial system
without clinical relevance at 30-day follow-up.
Figure: Postero-anterior LA view before (left) and after (right)
ablation with the trachea and main bronchi (dark grey)
projected over the roof and posterior wall. The right bipolar
voltage 3D map shows extensive, non-magenta antral ablation
lesions.

PO-634-08
PULSED FIELD ABLATION FOR PAROXYSMAL ATRIAL
FIBRILLATION IS SAFE FOR THE ESOPHAGUS
€ wel MD;
Kars Neven MD, PhD; Anna Fu€ ting MD; Dennis Ho
Gilbert Rahe MD; John Bell MD and Nico Reinsch MD

PO-634-07
PULSED FIELD ABLATION FOR PAROXYSMAL ATRIAL
FIBRILLATION IS SAFE FOR THE BRONCHIAL SYSTEM
€ wel MD;
Kars Neven MD, PhD; Anna Fu€ ting MD; Dennis Ho
Lenny Brokkaar MD; Annika Essling MD and Nico Reinsch MD
Background: Thermal LA ablation, like cryo can cause bronchial
damage, like hemorrhagic lesions, atrio-bronchial fistula and
severe bleedings. Pulsed field ablation (PFA) is a novel, nonthermal ablation modality.
Objective: We report on possible bronchial injury after PVI using
PFA for paroxysmal AF.

Background: Thermal LA ablation, like RF, cryo and laser can
cause esophageal damage, like ulcera and atrio-esophageal
fistula. Pulsed field ablation (PFA) is a novel, non-thermal
ablation modality. Pre-clinical evaluation of PFA showed
absence of thermal injury to the esophagus due to the tissue
specificity of PFA. Only limited data from very small clinical
studies on absence of esophageal injury after PFA is
available.
Objective: We report on possible esophageal injury after PVI
using PFA for paroxysmal AF in a real-world, non-clinical study
setting.
Methods: A LA bipolar voltage 3D map was created. All PVs
were individually isolated using a 13F steerable sheath and a
pentaspline over-the-wire PFA catheter. After ablation, mapping
was repeated to assess lesion formation. No proton-pump
inhibitors were started. One day after PVI, esophagoscopy
without biopsies was performed. All patients had a 30-day
follow-up.
Results: In 30 patients (mean 63 years; 47% male),
uncomplicated PFA was performed, with all PVs acutely isolated.
Post ablation, all voltage maps consistently showed extensive
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antral PV lesions. Clinical course was uneventful, no patient had
chest discomfort, coughing or hematemesis. All patients
underwent uncomplicated esophagoscopy, without thermal
lesions or ulcers. At 30-day follow-up, all patients were
asymptomatic.
Conclusion: In a real-world, non-clinical study setting, PVI
using PFA for paroxysmal AF is safe for the esophagus.
Figure: Postero-anterior LA view before (left) and after (right)
ablation with the esophaus (dark grey) projected over the
posterior wall. The right bipolar voltage 3D map shows extensive,
non-magenta antral ablation lesions.
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significantly reduced far-field atrial and ventricular EGM while
enhancing local near-field EGM. CUE provided more accurate
timing of EGM based on maximum negative dV/dt at sites with
complex atrial EGM. WCT-UE often falsely annotated timing
on large FP. CUE activation maps accurately identified the
location of lines of block with sharp demarcation in all 6
swine.
Conclusion: The new ultra-high resolution mapping system
using CUE significantly reduced FP and improved mapping
accuracy in the area of complex atrial EGM.
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PO-635-01
REDUCTION OF FAR-FIELD POTENTIALS USING CLOSEUNIPOLAR ELECTROGRAMS IN A NOVEL ULTRA-HIGH
RESOLUTION CATHETER MAPPING SYSTEM:
EVALUATION IN A SWINE ATRIAL LINEAR LESION MODEL
Yoshimori An MD; Hiroshi Nakagawa MD, PhD;
Shunsuke Kuroda MD; Assaf Govari PhD;
Christopher T. Beeckler BS; Vadim Gliner MS; Joe T. Keyes PhD;
Kevin J. Herrera BS; Atsushi Ikeda MD, PhD; Shady Nakhla MD;
Ayman A. Hussein MD, FHRS; Walid I. Saliba MD, FHRS;
Oussama M. Wazni MD and Warren M. Jackman MD, FHRS
Background: In complex atrial substrate with multiple atrial
potentials, unipolar electrograms (EGM) referenced to the Wilson
Central Terminal (WCT) are often timed to the wrong component
due to large, steep far-field potentials (FP).
Objective: To evaluate the ability of close-unipolar
electrograms (CUE) to reduce FP in a novel ultra-high
resolution mapping system (IsoSense, Biosense Webster)
using a swine model.
Methods: In 6 swine, linear RF ablation was performed in the
RA to create complex patterns of activation. The RA was
mapped during atrial pacing using an 8F catheter with
deployable mini-basket (18 mm diameter) of 10 splines of 10
electrodes (total 100 outward facing tiny electrodes, 0.5 mm2
area, 1.7 mm center-to-center) and a central non-contact
electrode for CUE reference (Fig). The system generated
chamber geometry and simultaneous activation maps using
timing based on either: 1) CUE (between each of the 100
electrodes and the non-contact reference electrode); or 2) 100
conventional unipolar EGMs using the WCT reference (WCTUE). CUE and WCT-UE maps were compared at sites exhibiting
complex EGM.
Results: Fig. Activation maps of the entire RA (median 5,208
mapped points) were obtained in median 6.4 min. CUE

PO-635-02
FACTORS ASSOCIATED WITH INFUSION NEEDLE
RADIOFREQUENCY ABLATION FAILURE IN PATIENTS
WITH REFRACTORY VENTRICULAR TACHYCARDIA
Uyanga Batnyam MD; Kenichi Tokutake MD;
Amir M. AbdelWahab MBChB, MD, MSci;
Travis D. Richardson MD; Arvindh N. Kanagasundram MD,
FHRS; John L. Sapp MD, FHRS; William G. Stevenson MD,
FHRS and Usha B. Tedrow MD, MS, FHRS
Background: We have previously described infusion needle
catheter ablation (INCA) using endhole irrigation (Biosense
Webster, Inc) for treatment of VT in 31 patients refractory to
medications and conventional catheter ablation (CA). While
INCA was safe with high procedural success, a significant
number of patients had VT recurrence.
Objective: To identify the factors associated with unsuccessful
INCA.
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Methods: We reviewed INCA data to identify patients with
successful (no VT recurrence at 6 months), partially successful
(VT recurrence but no hospitalization for VT or defibrillator
therapy), and unsuccessful procedures (VT requiring
hospitalization or defibrillator therapy at 6 month follow up).
Univariate logistic regression with SPSS software was used for
analysis.
Results: In total, 57 patients underwent INCA, with 32
(56.1%) successful, 9 (15.8%) partially successful and 16
(28.1%) unsuccessful. The only clinical factor significantly
associated with failure was VT storm (OR 4.3, CI 1.2,15.2,
p50.03). The procedural factor associated with failure was
presence of any low power heating (,10 Watts to reach 60
degrees C) with infusion needle ablation during the procedure
with OR 3.6 (1.04-12.9, p50.04). There was no difference in
type of cardiomyopathy, left ventricular systolic function,
number of prior failed ablations, number and location of
needle application, or use of antiarrhythmic medications
(Figure 1).
Conclusion: In patients with recurrent VT and failed standard
catheter ablation, refractory VT storm is 4.3-fold more likely to
be associated with INCA failure, due to difficult, potentially
diffuse intramural substrate. Low power heating is likely
associated with densely fibrotic substrate that is difficult to
intramurally irrigate, limiting lesion size during INCA. Low
power heating was 3.6 times more likely to be associated with
INCA failure.

PO-635-03
HIGH-DENSITY MAPPING GUIDES ABLATION
STRATEGIES TO TREAT ATRIAL FLUTTER: RESULTS
FROM THE ADVISORÔHD GRID MAPPING CATHETER
OBSERVATIONAL STUDY
Daniel Steven PhD; Lukas M. Fiedler; Ivo Roca-Luque;
Faizel Lorgat MBChB; Jerome Lacotte MD;
Haris M. Haqqani MBBS, PhD, FHRS; Emily Jesser;
Christopher Williams and Franz X. Roithinger MD
Background: Patients undergoing RF ablation to treat
persistent AF (PersAF) may develop atrial flutter (AFL) during
the procedure. Ablation of atypical AFL can be challenging
but, recent advancements in high-density (HD) threedimensional mapping strategies may help rapidly and
accurately assess ablation targets to achieve successful
outcomes in treating AFL.
Objective: The AdvisorÔ HD Grid Mapping Catheter
Observational Study (NCT03733392) was designed to quantify
and characterize the utility of mapping with a market-released HD
mapping catheter in AFL subjects undergoing ablation. This
study was sponsored by Abbott Laboratories.
Methods: Subjects undergoing mapping with the AdvisorÔ HD
Grid Mapping Catheter, Sensor Enabled (HD Grid) for PersAF
ablation were enrolled in this multi-center study, some of which
were also in AFL. The aim of this study was to gather data
regarding safety, mapping and ablation strategies, electrogram
(EGM) quality, and outcomes.
Results: 15.2% (51/334) of enrolled subjects in this study
were in AFL and of these subjects, 96.1% (49/51) were
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ablated for AFL (65.5yrs, 67.3% male). 81.4% (35/43) of the
maps generated were late activation timing (LAT) and 16.3%
(7/43) were peak-to-peak voltage maps. Median total mapping
points collected and used were 7008 (IQR 3374-16811) and
1654 (IQR 900-2286), respectively, in a median of 11 (IQR 617) min per map. HD Grid identified substrates such as, low
voltage (82.4%; 42/51) and fibrosis/scar (66.7%; 34/51) and
detected signals of interest not identified by the ablation
catheter in 90.2% (37/41) of subjects. Ablation strategies
included targeting the mitral isthmus (38.8%; 19/49), roof line
(36.7%; 18/49), and cavotricuspid isthmus (26.5%; 13/49).
The mean procedure time was 171.4 6 60.3 min with a
fluoroscopy time of 13.7 6 10.6 min and RF time of 36.1 6
37.3 min. AFL was terminated in 93.9% (46/49) and noninducible in 94.1% (16/17) of subjects. 84% (21/25) were free
from recurrent AF/AT/AFL at 12 months. 2 SAEs, 7 SADEs,
and 1 ADE were experienced in 17.6% (9/51) of subjects with
none related to HD Grid.
Conclusion: The results of this study support the utility of
the AdvisorÔ HD Grid mapping catheter in generating LAT
and voltage maps based on high-quality EGMs and for
guiding efficient and effective ablation strategies to treat
AFL.

PO-635-05
PO-635-04
“FREEZE THE MOVING TARGET” - CRYOABLATION FOR
ARRHYTHMIAS ARISING FROM THE RIGHT VENTRICULAR
MODERATOR BAND AND PAPILLARY MUSCLE
Uyanga Batnyam MD; John Whitaker BCH, BM, PhD;
Omar Kreidieh MD and Usha B. Tedrow MD, MS, FHRS
Background: The right ventricular moderator band and papillary
muscles (RV MB-PM) are an uncommon source of ventricular
arrhythmias (VA) and may present with hemodynamically
unstable VA. Given its anatomy, sometimes it is challenging to
achieve catheter stability.
Objective: To study procedural success using cryoablation for
VA arising from RV MB-PM.
Methods: We reviewed our institutional VA ablation database
during last 3 years to identify those in whom cryoablation was
used to treat VAs arising from the RV MB-PM.
Results: Out of 521 VA ablations during this period, 5
patients underwent cryoablation of VA arising from the RV
PM-MB. Three patients had structural heart disease with
mean left ventricular ejection fraction (LVEF) of 44%. Two
patients presented with VT storm, and others presented
with increasing VA burden. Three patients had prior failed
radiofrequency ventricular ablations. RF delivery was
attempted in 2 cases but was limited due to either catheter
instability or hemodynamically unstable automaticity.
Purkinje potentials were seen pre-QRS in 2 patients who
had activation mapping, and at the best pace map in
others. A median of 3 cryoablation lesions were delivered
for 240 to 360 ms duration with a target temperature of
-80 . Acute VA suppression was achieved in all patients
with no recurrence with post procedure provocation. No
major complication occurred. Patients were followed up for
median of 396 days, 3 had no VT or PVC recurrence, 1
was lost follow up, and 1 had only non-sustained VT
recorded via ICD, with no sustained VT, which was the
original presenting rhythm.
Conclusion: Cryoablation is safe and efficacious to treat VA
arising from RV MB-PM.

VENTRICULAR ARRHYTHMIA ABLATION WITHOUT
FLUOROSCOPIC UTILIZATION - A SINGLE CENTER
EXPERIENCE
Uyanga Batnyam MD; David Chang MD; Esseim Sharma MD;
John Whitaker BCH, BM, PhD; Omar Kreidieh MD;
Clinton J. Thurber MD; Nathaniel Steiger MD; Sunil Kapur MD;
Paul C. Zei MD, PhD, FHRS and Thomas M. Tadros MD, MPH
Background: Utilization of fluoroscopy is common practice for
ventricular arrhythmia (VA) ablation, but its use can be associated
with radiation induced morbidities to both the patient and
providers. Intracardiac Echocardiogram (ICE) can be helpful to
minimize radiation exposure while not compromising procedural
safety.
Objective: To study feasibility of fluoroscopy free (FF) VA
ablation using ICE.
Methods: We performed a retrospective analysis of our
institutional data on VA ablation performed by three providers
between August 2019 to October 2021 to analyze procedural
success and safety on FF VA ablation.
Results: Among total 70 patients who underwent intended FF VA
ablation, 60 were FF (VT529, PVC531). Intracardiac
echocardiography (ICE) and 3-dimensional mapping were
utilized for all cases. For left sided mapping and ablation,
transseptal approach was utilized in 27 (45%) and retrograde
aortic approach was used in 25 (41.6%). Radiofrequency
ablation was used in all patients, and concomitant cryoablation
was used in 2 (6.4%) patients who underwent PVC ablation.
Acute procedural success (defined as elimination of the clinical
VA) was 96.5% in VT group and 90.3% in PVC group. Among
remaining 10 VA ablation patients, five patients converted to
fluoroscopy use due to coronary angiography (VT52, PVC53)
and three patients due to cryoablation (VT51, PVC52) due to
ablation site in close proximity to conduction system or coronary
artery. Among patients who had VT ablation, 3 had repeat VT
ablation during follow up (271 days +/- 250) and zero patient
among PVC ablation group needed repeat ablation during follow
up (328 days +/- 235). Importantly, there were no procedure
related complication in all FF VA ablation patients.
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Conclusion: Utilizing ICE and 3-dimensional mapping in the
absence of fluoroscopy is an effective and safe technique for VA
ablation.
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procedure. For PAF, elimination of non-PV triggers at the redo
procedure was documented in 47.6%, 94.4%, and 83.3% of the
PV, PV+linear, and PV+other group, respectively (P,0.05). For
PersAF, 73.1%, 83.3%, and 90.9% of the PV, PV+linear, and
PV+other group received lesion sets beyond PV isolation at redo
(Table 1). More non-PV lesions were delivered per patient at the
repeat procedure in the index PV+linear group. At the end of the
redo procedure, sinus rhythm was achieved in a similar (p.0.05)
proportion of patients across groups in both PAF and PersAF
(Table 1).
Conclusion: Incorporation of non-PV lesions at index
procedure was associated with a more extensive ablation
strategy at subsequent repeat procedures. Although a higher
percentage of the patients in the index PV+linear and
PV+other groups achieved sinus rhythm at the end of the
repeat procedure, it did not appear to correlate with the
number of non-PV lesion sets created. A larger randomized
study may be warranted to investigate long-term clinical
outcomes following extensive ablation at index and repeat
ablation.

PO-635-06
PO-635-07
IMPACT OF PRIOR ABLATION STRATEGIES ON
PROCEDURE EFFICIENCY AND ABLATION STRATEGY IN
REPEAT PROCEDURES FOR ATRIAL FIBRILLATION
Jose A. Martel MD, MPH, FHRS; Coty W. Jewell MD;
Paul J. Garabelli MD, FHRS; Mauro Fantinel MD; Elvis TeijeiraFernandez MD; Leonor Parreira MD; Frederic Treguer MD;
Julien Bertrand MD; Caroline Tao PhD and Pietro Rossi MD
Background: Many ablation strategies, such as box isolation
and linear ablation, have been proposed to improve outcomes in
atrial fibrillation (AF) ablation. While the ablation of nonpulmonary vein (PV) targets has gained considerable traction,
whether these strategies should be incorporated at the index
procedure remain to be addressed.
Objective: To examine the correlation between ablation
strategies at index procedure and the need for creation of non-PV
lesion sets at repeat procedure.
Methods: Data from patients who underwent a first repeat
procedure for AF were prospectively collected between February
to September of 2021. Where the history of index procedure was
available, procedure characteristics and ablation strategies at
repeat procedure were grouped and compared based on ablation
strategies at index procedure
Results: A total of 343 patients [Paroxysmal (PAF): 209,
Persistent(PersAF): 134] were included in this analysis. Patients
were grouped into PV, PV+ linear (including posterior wall
isolation), and PV+other (including focal, rotor, alcohol ablation,
and hybrid procedure) based on ablation strategy at index
procedure. Non-PV lesion sets were delivered in 52.6% (n5110)
and 76.9% (n5103) of the PAF and PersAF cases at repeat

EVALUATION OF A 3-DIMENSIONAL SUBSTRATE WITH
WIDE BIPOLAR ELECTRODE SPACING IN ISCHEMIC
SCARS
Naohiko Sahara and Keijiro Nakamura
Background: Wide bipolar interelectrode spacing can aid in
estimating a 3-dimension substrate due to far-field potential
sensing.
Objective: This study investigated the relationship between
electrograms and myocardial wall thickness collected by wide
bipolar interelectrode spacing and identified a heterogeneous
scar within a dense scar.
Methods: Three of twenty-four consecutive cases of ventricular
tachycardia ablation that met the following criteria were analyzed:
(1) old myocardial infarction patients with a dense scar with wall
thickness ,2 mm and (2) patients with voltage maps created
using HD Grid Mapping Catheter (Abbott Laboratories, Abbott
Park, IL) during sinus rhythm.Along with the usual 3 mm
interelectrode bipolar spacing, voltage maps were made with 6
mm interelectrode spacing. Computed tomography images
imported into the EnSite mapping system were merged with
voltage maps (Figure 1A). Wall thickness was measured
manually at each corresponding point in scar areas with wall
thickness of 4 mm or less.
Results: Voltage amplitudes collected by 6 mm interelectrode
spacing were more strongly correlated with wall thickness than
those collected by 3 mm interelectrode spacing (r 5 0.708, p ,
0.01; vs r 5 0.247, p , 0.01). The regression line is shown in
Figure 1B. Four of the five induced ventricular tachycardias in the
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three cases had an isthmus in the area with 2-4 mm wall
thickness.
Conclusion: In cases of old myocardial infarction with thin scars,
bipolar voltage maps with widened interelectrode spacing
represented wall thickness and identified heterogeneous scar as
arrhythmogenic substrate.
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Conclusion: In CONVERGE, w66% of patients were off AADs
through 12-mos follow-up representing a w60% relative
reduction in AAD use when compared to baseline. QOL
measures improved at 12 months follow-up with HC.

PO-635-08
REDUCTION IN ANTI-ARRHYTHMIC DRUG USE AND
IMPROVEMENT IN QUALITY OF LIFE FOLLOWING THE
HYBRID CONVERGENT PROCEDURE IN PERSISTENT AND
LONGSTANDING PERSISTENT ATRIAL FIBRILLATION: A
CONVERGE TRIAL ANALYSIS
David B. De Lurgio MD, FHRS; Karl J. Crossen MD;
Christopher Blauth; Faraz Kerendi; Saumil R. Oza MD;
Anthony R. Magnano MD, FHRS; mark mostovych;
Michael Halkos; David R. Tschopp MD, FHRS and Jaswinder Gill
Background: CONVERGE (NCT01984346) was a prospective,
multicenter, randomized controlled trial comparing effectiveness
of combined epicardial and endocardial (hybrid convergent, HC)
ablation to endocardial catheter ablation (CA) for treatment of
persistent atrial fibrillation (PersAF) and longstanding PersAF
(LSPAF). In 2020, we reported that CONVERGE met protocolstated primary safety and effectiveness. Here we report
CONVERGE quality of life (QOL) results and anti-arrhythmic drug
(AAD) utilization after HC.
Objective: To determine QOL and AAD utilization changes
following HC.
Methods: Eligible pts were 18-80 yrs, had drug-refractory
symptomatic PersAF or LSPAF, and left atrium diameter 6.0
cm. Enrolled pts were randomized 2:1 to HC or CA. AAD use
at baseline and any time after a 3-mos blanking period
through 12- and 18-mos post-HC procedure were evaluated.
Atrial Fibrillation Severity Scale (AFSS) and the 36-Item Short
Form Health Survey (SF-36) were assessed at baseline and
12 mos.
Results: 102 pts were treated with HC; 38 pts had LSPAF. The
proportion of pts in the HC arm who used Class I /III AADs postblanking period through 12 mos was 34.3%, vs 84.3% at
baseline; for LSPAF pts, the proportions were 31.6% through 12
mos vs 71.1% at baseline. AAD use was similar through 18months with 37.2% of all pts and 31.6% of LSPAF pts on AADs.
AFSS Composite and Overall Symptoms Scores and SF-36
Mental and Physical Component scores were significantly
improved at 12 mos vs baseline (Table, Figure).
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PO-636-01
DURABILITY OF PULMONARY VEIN AND POSTERIOR
WALL ISOLATION FOLLOWING HYBRID CONVERGENT
ABLATION FOR LONG STANDING PERSISTENT ATRIAL
FIBRILLATION
Adnan Ahmed MD; Rishi Charate MD; Peter H. Park MD, FHRS;
Rangarao V. Tummala MBBS; ahmed romeya; Justin Van
Meeteren; Rakesh Gopinathannair MA, MD, FHRS;
Dhanunjaya R. Lakkireddy MD, FHRS and Naga Venkata Krishna
Chand Pothineni MD
Background: Hybrid convergent ablation has been shown to
be superior to endocardial catheter ablation in patients with
long standing persistent AF (LSPAF). However, data on
durability of a hybrid ablation lesion set during repeat
procedures is sparse.
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Objective: To assess rates of durable pulmonary vein (PV) and
left atrial posterior wall (LAPW) isolation during repeat left atrial
procedures following a hybrid convergent ablation procedure.
Methods: We conducted a retrospective analysis of all patients
with LSPAF that underwent hybrid convergent ablation (surgical
ablation plus endocardial catheter ablation) and left atrial
appendage (LAA) clipping at our institution. Patients who
presented for repeat left atrial ablation procedures for recurrent
atrial arrhythmias after undergoing a hybrid ablation were
included in the analysis. PV and LAPW isolation were assessed
using standard techniques evaluating for entrance and exit block.
Results: A total of 43 patients with long standing persistent AF
underwent hybrid ablation with LAA occlusion from 2019-2020.
Mean age of the cohort was 64.968.9 years and 62.8% were
males. Over a 12 month follow up period, 5 out of 43 patients
(11.6%) patients required repeat catheter ablation. Mean
duration between hybrid convergent procedure and repeat
ablation was 6.2 6 4.3 months. Presenting rhythm for all patients
was recurrent AF. During repeat left atrial mapping, PV
reconnection was seen in 2 patients(LIPV&RSPV). There was
evidence of LAPW reconnection in 4 out of 5 patients. 3 patients
had evidence of a residual LAA stump which was active
electrically and required additional ablation for electrical isolation.
Conclusion: LAPW reconnection is seen commonly in patients
presenting with recurrent AF following hybrid convergent AF
ablation. Additional strategies to achieve durable LAPW isolation
need to be evaluated. Residual LAA stump may also be an
important contributor to recurrent AF and needs further
evaluation.

used to successfully entrain VT in 5 patients yielding isthmus
sites in 4 and entrance/exit sites in 2 (Figure). VT terminated with
radiofrequency ablation at these sites identified with HOP. In the
remaining 3 patients, HOP identified scar locations with delayed
exit (long stimulus to QRS). Acute procedural success (VT noninducibility) was achieved in all without any adverse events. Over
a mean follow up period of 1.261.2 years, only one patient
experienced VT recurrence requiring repeat ablation during
which the same location (RVOT) was targeted.
Conclusion: In patients with dense scar which is unexcitable
with SO, HOP can provide valuable localizing information and
facilitate successful VTablation by identifying critical components
of the reentrant circuit.

PO-636-02

PO-636-03

UTILITY OF HIGH OUTPUT PACING TO IDENTIFY CRITICAL
COMPONENTS OF VENTRICULAR TACHYCARDIA
CIRCUITS IN PATIENTS WITH ISCHEMIC AND
NONISCHEMIC CARDIOMYOPATHY

ELECTROPHYSIOLOGICAL FINDINGS DURING
ENDOCARDIAL LEFT ATRIAL MAPPING FOLLOWING
SURGICAL EPICARDIAL AF ABLATION

Bishnu P. Dhakal MD; Lohit Garg MBBS; David S. Frankel MD,
FHRS; Matthew Craig Hyman MD; Gustavo S. Guandalini MD;
Gregory E. Supple MD, FHRS; Saman Nazarian MD, PhD, FHRS;
Ramanan Kumareswaran MD; Michael P. Riley MD, PhD;
Pasquale Santangeli MD, PhD; David Lin MD, FHRS;
David J. Callans MD, FHRS, CCDS; Jeffrey Arkles MA, MD;
Fermin C. Garcia MD; Robert D. Schaller DO, FHRS;
Erica S. Zado PAC, FHRS; Francis E. Marchlinski MD, FHRS and
Sanjay Dixit MD, FHRS
Background: : Entrainment and pace mapping are used to
identify critical components (CC) of ventricular tachycardia (VT)
circuits. In patients with dense myocardial scar, VT circuits can be
located deep and may elude capture at standard pacing outputs
(SO; up to 10 mA at 2 ms).
Objective: The purpose of this study was to assess utility of high
output pacing (HOP; 50 mA at 2 ms pulse width) for identifying
CC of VT circuits after SO failed to elicit capture in densely
scarred myocardial tissue.
Methods: Our standard VT ablation approach included
electroanatomic mapping for substrate characterization and
entrainment and/or pace-mapping to identify CC of VT circuits.
Patients that required HOP comprised the study cohort. Ablation
end-points were VT termination and additional substrate
modification to achieve complete non-inducibility.
Results: Nine patients (age 6969 years; all males) met inclusion
criteria. 0.9% patients required HOP during VTablation. Mean left
ventricular ejection fraction was 34614% and majority (78%) had
ischemic cardiomyopathy. The location of scar was LV apex in 3
patients, inferior wall in 4, septum in 1 and RVOT in 1. HOP was

Adnan Ahmed MD; Rishi Charate MD; Peter H. Park MD, FHRS;
Rangarao V. Tummala MBBS; ahmed romeya; Justin Van
Meeteren; Chandrasekhar R. Vasamreddy MD, FHRS;
Scott Koerber DO; Rakesh Gopinathannair MA, MD, FHRS;
Dhanunjaya R. Lakkireddy MD, FHRS and Naga Venkata Krishna
Chand Pothineni MD
Background: Hybrid surgical ablation of AF using bipolar
ablation clamps offers the advantage of targeting epicardial
aspects of the left atrial posterior wall (LAPW) and pulmonary
vein (PV) antrum.
Objective: We sought to assess the durability of surgical
epicardial ablation of PV and LAPW in patients with long standing
persistent AF (LSPAF).
Methods: We conducted a retrospective analysis of all patients
with LSPAF that underwent hybrid convergent ablation (surgical
ablation plus endocardial catheter ablation) and LAA clipping at
our institution. Patients were divided in group 1 (surgical PV
isolation + LAPW isolation) and group 2 (surgical LAPW isolation
only). Durability of the surgical ablation lesion sets were
examined during the endocardial catheter ablation using
standing electrophysiological criteria.
Results: A total of 43 patients were included in the cohort. Mean
age was 64.968.9 years and 62.8% were males. Endocardial LA
mapping was performed within 2.661.7 months of the epicardial
ablation procedure. Group 1(PVI+LAPW) included 36 (83.7%)
patients and group 2 (PW only) included 7 (16.3%). 37.3% of
patients that underwent surgical PVI had evidence of PV
reconnection with majority (68.8%) having right pulmonary vein
(RPV) reconnection. LAPW reconnection was noted in a total of
14 (32.5%) of patients. Additional endocardial ablation let to
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demonstration of entrance and exit block in all PVs and LAPW in
all patients.
Conclusion: Surgical epicardial ablation of the PVs and
LAPW is associated with a high rate of chronic
reconnection. A third of patients have PV reconnection, with
majority involving RPV reconnection. Additional endocardial
mapping and ablation is necessary to achieve durable
isolation.

PO-636-04
ABLATION OF ATRIAL FIBRILLATION BEYOND
PULMONARY VEIN ISOLATION: DO ADDITIONAL
ABLATION LESIONS IMPACT LEFT ATRIAL FUNCTION?
Olga Reynbakh MD; Mario Jorge Garcia MD;
Hardikkumar Patel MD; Jorge Romero MD, FHRS;
Eric D. Braunstein MD and Luigi Di Biase MD, PhD, FHRS
Background: Electrical isolation of pulmonary veins (PVI) is a
cornerstone for Atrial Fibrillation (AF) ablation therapy.
Elimination of non-pulmonary vein (NPV) triggers in addition to
PVI was shown to decrease long-term AF recurrence. The overall
effect of AF ablation on left atrial (LA) function is poorly
understood and it is unknown if additional ablation lesions can
affect it.
Objective: Our aim was to determine if LA function is
different in patients after extensive LA ablation compared to
PVI only. We hypothesized that addition of NPV ablation
lesions in LA do not further deteriorate LA function
compared to PVI alone.
Methods: Out of consecutive 994 patients who underwent AF
ablation at our center in years 2018-2019, we included 68
patients in our retrospective analysis who had echocardiograms
(TTE) performed within 12 months prior to AF ablation and 1-12
months after. Redo ablations, history of mitral valve
interventions were excluded. Patients were stratified into 2
groups: PVI only and PVI with additional LA ablation lesions
(PVI+). Primary outcome was LA reservoir strain (LASr). We
applied non-inferiority analysis with 90% CI for an overall alpha
level of 0.05. Mean LASr in patients after AF ablation is reported
19 69%, we used a conservative 6% to define non-inferiority as
a change in LASr.
Results: Patients in our study cohort had higher rates of history
of HTN, HFrEF, DM, HLD, ESRD compared to all patients who
underwent AF ablation. A higher rate of paroxysmal AF in the PVI
only group was noted (70% vs 30%). The PVI+ group was
observed to have a slightly higher increase in LASr compared to
PVI alone (5.0%vs 4.3%), with 90% CI (-4.2 to 2.9). The upper
bound for the true difference of 2.9% did not cross the pre-set
margin of 6% (p,0.01 for test of non-inferiority). These findings
were consistent when the LASr was adjusted for age, sex, hx of
CAD, HLD, paroxysmal vs persistent AF, rhythm at pre-procedure
TTE in a multivariable linear regression model, 90% CI (-5.46;
2.04), p,0.01.
Conclusion: LA functional improvement evaluated by LASr
is statistically non-inferior after PVI with additional LA
ablation lesions compared to PVI alone. These findings
were confirmed when adjusted for confounding clinical
variables.
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Omar Kreidieh MD; Jose Osorio MD, FHRS; Allyson Varley;
Christopher Thorne; Joshua R. Silverstein MD, FHRS;
Paul D. Varosy MD, FHRS; Gunther Schrappe and
Paul C. Zei MD, PhD, FHRS
Background: First pass isolation (FPI) has been shown to be
associated with improved long-term freedom from atrial
arrhythmia recurrence following atrial fibrillation ablation (AFA).
The clinical and procedural predictors of FPI are not as well
described.
Objective: Determine the clinical and procedural predictors of
pulmonary vein first pass isolation.
Methods: REAL AF is a prospective registry of AFA procedures
performed at centers utilizing low fluoroscopy with high
procedural volumes. The first 1539 ablation procedures were
reviewed to determine clinical and procedural predictors of FPI
using logistic regression.
Results: We analyzed 2939 vein sets that had the required data
available. The FPI rate for the entire cohort was 80.3% (86.5% on
the left and 73.9% on the right).
Significant predictors include: Age was associated with increased
odds of FPI (OR: 1.009 [ 1.001 - 1.016]), while BMI ( OR: 0.976
[ 0.963-0.989]) and CHF ( 0.674 [ 0.502- 0.907]) were negative
predictors. Procedurally, higher ablation index targets anteriorly
( OR: 1.003 [ 1.001 - 1.006]), higher power targets anteriorly ( OR:
1.027 [ 1.004 - 1.049]), and higher maximum contact forces
posteriorly ( OR: 1.014 [ 1.002-1.026]) were all associated with
increased FPI rates (Table 1).
Conclusion: The use of higher ablation index and power targets
anteriorly as well as higher force posteriorly was related to
increased odds of FPI. Further research may clarify ideal targets
to optimize ablation effectiveness.
Clinically, advanced age was a positive predictor, while obesity
and CHF were negative predictors of FPI. Worsened clinical
outcomes in these populations may be partially related to reduced
intra-procedural efficacy, demonstrated here by worsened FPI
rates.

PO-636-06

PO-636-05

DOES RENAL ARTERY DENERVATION IN ADDITION TO PVI
REDUCE AF BURDEN? RESULTS OF THE MULTICENTER
ERADICATE-AF RANDOMIZED CLINICAL TRIAL

CLINICAL AND PROCEDURAL PREDICTORS OF FIRST
PASS PULMONARY VEIN ISOLATION- FINDINGS FROM
THE ANALYSIS OF 1539 FIRST TIME ATRIAL FIBRILLATION
ABLATIONS IN THE REAL-AF REGISTRY

Christopher Jonle Yao MPH; Alexander B. Romanov MD, PhD,
FHRS; Sajni Vora BS; Vitaly Shabanov MD;
Evgeny A. Pokushalov MD, PhD, FHRS and
Jonathan S. Steinberg MD, FHRS
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Background: The large randomized clinical trial
ERADICATE-AF (JAMA 2020) demonstrated that
concomitant renal artery denervation (RDN) with pulmonary
vein isolation (PVI) can reduce time to first atrial fibrillation
(AF) recurrence post-procedure in patients with AF and
poorly controlled hypertension. RDN also resulted in
improved control of systolic blood pressure (SBP) with no
change in PVI only group.
Objective: To assess if AF burden is reduced when RDN is
added to PVI; to determine if reduction in SBP following RDN
correlates with reduction in AF burden; and to examine
subgroups and their AF responses.
Methods: Patients were randomized to PVI alone (n5148) or PVI
+ RDN (n5154). AF burden was defined as the proportion of time
in AF during 7-day Holter monitoring at 12 months postrandomization. A stratified analysis was performed based on
decreased (D) in-office SBP from baseline to 12-month follow-up
in the RDN group.
Results: At 12 months, AF burden was 1.43 6 3.36% in the
PVI+RDN group vs 3.90 6 8.53% in the PVI only group
(p50.0012). Relative to DSBP (mm Hg) in the RDN + PVI group,
all subgroups had similar low AF burdens (p5NS): no change
(n531, 1.23 6 3.73), D10 (n536, 1.51 6 3.27), D15-25 (n559,
1.64 6 3.81) and D.25 (n555, 1.16 6 2.30).
Conclusion: In this multicenter randomized trial, patients in
whom RDN was added to PVI had a significantly lower AF
burden at 12 months than patients with PVI alone. AF burden
was similarly reduced independent of improvement in SBP after
RDN suggesting that BP reduction is not responsible for
antiarrhythmic response.

PO-636-07
EFFICACY AND SAFETY OF EARLY POST-OPERATIVE
ABLATION IN PATIENTS WITH CONGENITAL HEART
DISEASE
Sarah Kerr MD; Edward T. O’Leary MD; Elizabeth S. DeWitt MD;
Douglas Y. Mah MD, FHRS, CEPS-P; Mark E. Alexander MD,
FHRS, CEPS-P; John Kheir MD; Edward P. Walsh MD, FHRS,
CCDS, CEPS-P; John K. Triedman MD, FHRS, CEPS-P and
Audrey Dionne MD
Background: Post-operative arrhythmias are most often
transient and medically treated, but refractory arrhythmias may
require electrophysiology study (EPS) and ablation.
Objective: To describe the efficacy and safety of early postoperative ablation.
Methods: Retrospective case series of patients who underwent
EPS within 3 months of surgery for congenital heart disease
(CHD) between 2000-2020. Procedural outcome included
complete or partial success, failure or empirical ablation, and
complications. Long-term outcome included arrhythmia
recurrence and burden according to a 12-point clinical arrhythmia
severity score (documented arrhythmia, arrhythmia severity,
cardioversion, antiarrhythmic medication).
Results: From 28,902 surgeries during the study period, 24
(0.1%) patients underwent EPS with ablation at a median 32
[IQR 16, 64] days after surgery (Table), which occurred prior
to hospital discharge in 9 (38%). EPS was performed for
arrhythmia refractory to medical management (23, 96%) and
SVT in a patient with pre-operative history of ventricular
fibrillation arrest. At the time of EPS, 7 (29%) patients were
intubated, 5 (21%) on inotropic support and 3 (13%) on
ECMO. Procedure was acutely successful in 21 (88%)
patients, and one patient with IART had empiric ablation of
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the cavotricuspid isthmus and lateral wall due to lack of
inducibility. Two patients with left atrial arrhythmia had an
unsuccessful procedure; in one case decision was made not
to pursue transseptal needle due to recent surgery, and EPS
was aborted due to mediastinal hematoma following
transseptal attempt in the other (no intervention required).
There was no other complication. Recurrence of arrhythmia
was documented in 10 (42%) patients during median followup 3.2 [IQR 1.8, 6] years, although the burden was
significantly reduced (figure).
Conclusion: A minority of patients require early postoperative EPS and ablation for refractory or life-threatening
arrhythmia. For those, the procedure can be performed with
reasonable acute success and manageable morbidity even
in critically ill patients with complex surgical anatomy.
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configuration. This protocol was applied at each PV. PVI was
assessed with the Farawave catheter.
Results: The population consisted of 80 patients (42
paroxysmal AF, 38 persistent AF , 6 months) with a mean age
of 61 6 13 yo. Left atrial dimension was normal in 42 patients
(52%), and enlarged in 38 (48%). The mean procedure duration
was 55 6 23 min, and mean fluoroscopy duration was 20 6 10
min (3.5 6 3.1 Gy.cm2). The pulmonary vein signal completely
disappeared after the first PFA application for each targeted
vein and PVI was confirmed for all veins in all patients at the end
of the procedure. Pericardial effusion occurred in 3 patients
(3.8%), 2 requiring percutaneous drainage. No other
complications were oberved.
Conclusion: PVI performed with PFA is safe and feasible without
compromising procedure and scopy durations. Further data are
necessary regarding mid- and long-term efficacy.

PO-636-08
PULSE FIELD ABLATION FOR PULMONARY VEIN
ISOLATION: ACUTE RESULTS FROM A MULTICENTRIC
REGISTRY
Corentin Chaumont MD, MSci; Philippe Maury MD, PhD;
SERGE BOVEDA MD, PhD; Arnaud Savoure MD; M.D. anne
rollin; Jean-Paul Albenque MD; Franck Mandel MD and
Frederic Anselme MD, PhD
Background: Pulsed field ablation (PFA) is a nonthermal
ablative modality using a strong electrical field created
around a dedicated catheter to produce pores in the cellular
membrane. As the amount of energy required to produce
electroporation is highly tissue dependant, the atrial
myocardium can be specificly targeted while sparing
adjacent tissues. Theoretically, this new ablation modality
could increase the safety of pulmonary vein isolation (PVI)
procedures compare to PVI using thermal energies. Real-life
clinical data are still lacking regarding feasibility and safety
of PFA.
Objective: To assess feasibility and safety of PVI performed
using PFA.
Methods: We included all patients who underwent PVI for
symptomatic atrial fibrillation (AF) using PFA in 3 hospitals (6
operators) between June and December 2021. All procedures
were performed under general anaesthesia or deep sedation.
After patients received IV heparin and achieved ACT . 300 s, a
12 Fr multi-electrode pentaspline PFA catheter (Farawave,
Farapulse Inc.) was advanced through a 13 Fr deflectable
sheath into the left atrium. The catheter was positioned so that
the splines achieved circumferential contact at the PV antra. 2
applications (2.5 sec and 2 kV per application) were performed
in the “basket” configuration, then the catheter was slightly
rotated (30-40 ) before delivery of 2 additionnal applications.
This sequence of ablation was repeated in the “flower”
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PO-637-01
ATRIAL FIBRILLATION ABLATION IN PATIENTS WITH
SEVERELY REDUCED EJECTION FRACTION PRIOR TO
CONSIDERATION OF PRIMARY PREVENTION ICD
IMPLANTATION
Samuel D. Maidman MD; Lior Jankelson MD, PhD;
Douglas Holmes MD; David S. Park MD, PhD;
Scott A. Bernstein MD; Robert Knotts MD; Alexander Kushnir MD,
PhD; Anthony Aizer MD, MS, FHRS; Larry A. Chinitz MD, FHRS
and Chirag R. Barbhaiya MD, FHRS
Background: Recent clinical trials of atrial fibrillation (AF)
ablation in patients with reduced left ventricular ejection fraction
(LVEF) to  35% with implantable cardioverter defibrillators
(ICDs) have shown significant improvement in LVEF and
mortality following catheter ablation. There are little data
examining outcomes of AF ablation in patients with LVEF 35%
prior to ICD implantation.
Objective: To compare AF ablation outcomes of patients with
LVEF  35% with an implanted ICD to those without an ICD,
stratified by etiology of cardiomyopathy (CM).
Methods: A single center, retrospective cohort study of all
consecutive patients with LVEF  35% who underwent firsttime AF ablation at NYU Langone Health between January 1,
2014 and January 1, 2021. Clinical and echocardiographic
outcomes comparing patients with an implanted ICD to those
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without an implanted ICD were analyzed within one year
follow-up.
Results: This study consisted of 102 patients, including 57
without an ICD and 45 with an ICD. Baseline characteristics were
similar between groups, with the exception a greater prevalence
of diabetes among patients with an ICD (No ICD: 14% vs ICD:
31%; p50.037). There was no difference in baseline LVEF
between groups (No ICD: 28% 6 7% vs ICD: 27% 6 6%;
p50.586). Procedural outcomes for both groups, including
arrhythmia-free survival, were similar at 1 year (Figure 1).
Patients without an ICD had a greater mean improvement in
LVEF compared to patients with an ICD (+17% 6 10% vs +5% 6
10%, respectively; p,0.001). Among patients without an ICD, 33
of 44 (75%) had LVEF .35% at follow-up, including 25 of 31
(81%) with nonischemic cardiomyopathy and 8 of 13 (62%) with
ischemic cardiomyopathy.
Conclusion: Most patients undergoing AF ablation with LVEF 
35% without an implanted ICD experienced improvement in
LVEF to .35%, regardless of cardiomyopathy etiology. Patients
without an ICD had significantly greater improvement in LVEF
compared to patients with an implanted ICD. The role of rhythmcontrol prior to primary prevention ICD implantation for patients
with LVEF  35% requires further investigation.
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maps were then created to identify lesions and to assess
conduction block, following which the animals were humanely
sacrificed. Lesion delivery was observed using intracardiac
echocardiography.
Results: The study catheter was maneuvered with
electroanatomic map guidance and 3 of 3 (100%) CTI lines
were successfully created. The number of applications
required to achieve block were 6, 10 and 7, translating to a
total PFA time of 13.2 sec, 22 sec and 14.4 sec, respectively.
There were no complications and gross necropsy
demonstrated wide transmural lesions along the CTI line
(Figure). Minimal microbubbles were noted on intracardiac
echography.
Conclusion: The creation of linear lesions using PFA can be
achieved with procedural safety and efficiency using a focal
catheter compatible with an electroanatomic mapping system.

PO-637-03

PO-637-02

YOUNG ADULTS AND ATRIAL FIBRILLATION ABLATION:
MEASURING ARRHYTHMIA-FREE SURVIVAL AND
QUALITY OF LIFE USING PATIENT REPORTED OUTCOMES
OVER 5 YEARS

Jacob S. Koruth MBBS, MD; Iwanari Kawamura MD;
Jason M. Garrity AD, CEPS; Amanda Kingston; Richard Brose;
Marc A. Miller MD; William Whang MD, FHRS;
Srinivas R. Dukkipati MD, FHRS and Vivek Y. Reddy MD

Brett Johnson MD; Medhat Farwati MD; Walid I. Saliba MD,
FHRS; Khaldoun G. Tarakji MD, MPH, FHRS;
Ruth A. Madden MPH, RN; Patricia Bouscher;
Shunsuke Kuroda MD; Mohamed Kanj MD;
Thomas J. Dresing MD; Thomas D. Callahan MD, FHRS;
Mandeep Bhargava MBBS; Bryan Baranowski MD;
John Rickard MD, MPH; Daniel J. Cantillon MD, FHRS;
Patrick J. Tchou MD, FHRS; Hiroshi Nakagawa MD, PhD;
Oussama M. Wazni MD and Ayman A. Hussein MD, FHRS

Background: ‘One-shot’ pusled field ablations (PFA)
catheters that are capable of pulmonary vein isolation are
currently being evaluated and can have significant impact on
procedural efficiency. However, there is a need for delivering
flexible lesions sets as well with PFA, that address more
advanced forms of atrial fibrillation and atypical flutters. An 8
Fr catheter (Farapoint, Boston Scientific) capable of
delivering focal PFA has been developed to allow for delivery
of various lesion sets by using a 3-D mapping system
(Rhythmia, Boston Scientific).
Objective: To assess the feasibility and safety of linear ablation
along the cavo-tricuspid isthmus (CTI) in healthy swine.
Methods: Three swine underwent transfemoral venous access
under general anesthesia. After creating 3D high density
electroanatomic maps, the study PFA catheter was
maneuvered to deliver lesions (1.8-2.0 kV/application) along the
CTI using a deflectable sheath. Catheter-tip location was
tagged to ensure lesion overlap and contiguity. Post-ablation

Background: Ablation can be used for both sustained rhythm
control and improved quality of life (QoL) in symptomatic atrial
fibrillation (AF). Limited studies have suggested young adults
may have shortened arrhythmia-free survival near 40-60%
depending on follow-up duration and data are lacking regarding
QoL benefits.
Objective: To investigate arrhythmia-free survival and QoL
outcomes of young adults undergoing AF ablation using a large
prospectively maintained registry for ablation outcomes and
automated patient reported outcomes (PRO).
Methods: All patients undergoing AF ablation (2013-2016) at
our center were prospectively enrolled. Patients 50 years of
age or younger were included. Arrhythmia recurrences were
defined as per established guidelines. For PROs, QoL
measures and symptoms were assessed at baseline, 3
months after ablation and every 6 months thereafter. The atrial
fibrillation severity score (AFSS) served as the main
assessment of QoL. Additional variables included AF status at

PRECLINCIAL FEASIBILITY OF LINEAR ABLATION USING
A FOCAL PULSED FIELD ABLATION CATHETER
INTEGRATED WITH AN ELECTROANATOMICAL MAPPING
SYSTEM

Poster Session II
time of survey, AF burden as assessed by AF duration and
frequency, and healthcare utilization including ER visits and
hospitalizations due to AF.
Results: A total of 241 young adults (ages 16-50) were included
(mean age 43.1 years, 17% female, 40.3% persistent AF). Prior
to ablation, 39% of patients reported being in AF at the time of the
baseline survey. Upon 1 year of follow-up, 77.2% of patients
remained arrhythmia-free (80% in non-structural AF, 66% in
structural AF; P,0.0001). Through the PRO survey, 90% of
patients reported remarkable improvement in QoL throughout all
survey time points up to 5 years post-ablation (P,0.0001). The
baseline median AFSS was 14 and improved to between 2 and 4
on all follow-up after ablation (P,0.0001). Patients also reported
lower AF burden as measured by duration and frequency, fewer
ER visits secondary to AF, and fewer hospitalizations
(P,0.0001).
Conclusion: Ablation remains an effective rhythm-control
strategy in young adults with AF. Young adults also experience
significant improvement in QoL and reduction of both AF burden
and healthcare utilization secondary to AF.
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needs additional testing prior to being developed as tool for
mapping breakout rapidly and determining depth of foci.

PO-637-04
BEYOND ACTIVATION AND VECTOR ARROW MAPPING:
POWER OF OMNIPOLAR VOLTAGE TO DETECT
BREAKOUT SITES
Robert Anderson MBBS, PhD; Stephane Masse MASC, PE;
Hanney Gonna BMBS, MBBS, CEPS-A; Melanie Roberta Zammit
Burg MD, MSci; Abdullah Al-Shaheen; Patrick F.H. Lai MSci;
Mohammed Ali Azam MBBS, PhD; Karl Magtibay BENG, MASC;
Ahmed Niri; John Asta; D. Curtis Deno MD, PhD and
Kumaraswamy Nanthakumar MD
Background: Traditionally, LAT maps depicting earliest
activation, derived star burst vector depictions, and QS patterns
on unipoles have been used to detect breakout sites. In the
ventricle such strategies may be limited due to indeterminate LAT
annotation, myocardial thickness and tangential activation to the
mapping surface.
Objective: We hypothesize that at breakout sites unipolar
signals arrive nearly simultaneously, spread centrifugally, and
thus locally due to cancellation at adjacent sites will produce low
bipolar voltages when corrected for directional bias. As such, we
tested if ratio of unipolar to omnipolar voltage will be high and
provide an alternative tool to detect breakout sites from deep
within the myocardium.
Methods: An animal study using 6 Langendorff-perfused swine
hearts was conducted. An arrhythmic focus and breakout site at
the adjacent mapping surface was created by plunging a pacing
needle 4mm into the myocardium and pacing at that depth. The
resulting activation was mapped at the myocardial surface using
an electrode array and custom mapping system. Isochronal
maps and vector fields were derived from LAT mapping. UniOTvmax index was defined as the ratio of unipole to omnipolar
(OT) maximal voltage bipole amplitude and mapped to the same
surface (Figure A). We compared breakout sites to non-breakout
sites (Figure B) and deep intramural pacing to superficial sites
(Figure C).
Results: At sites of breakout and radial spread, the median UniOTvmax index was 3.5 vs 1.46 at non-breakout regions (Figure B).
Deep foci can be differentiated from superficial based on UniOTvmax index (mean from deep sources 3.50 versus 2.79 for
superficial sources, p 5 0.002) (Figure C).
Conclusion: Unipolar to omnipolar voltage ratio may aid in
detecting breakout from a deep arrhythmic focus and could
potentially be an adjunct tool for this purpose. This concept

PO-637-05
OUTCOMES IN RADIOFREQUENCY ABLATION OF
PERSISTENT ATRIAL FIBRILLATION IN PATIENTS WITH
NORMAL LEFT ATRIAL ENDOCARDIAL VOLTAGE
Anil Rajendra MD, FHRS; Gustavo X. Morales MD;
Allyson L. Varley MPH, PhD and Jose Osorio MD, FHRS
Background: While radiofrequency ablation (RFA) is an
established option for patients with persistent atrial fibrillation
(PsAF), the ideal ablation strategy remains unknown. In patients
with normal left atrial (LA) endocardial voltage on
electroanatomical mapping (EAM), the question of whether
pulmonary vein isolation (PVI) alone is sufficient remains unclear.
Objective: We aim to describe outcomes of RFA for PsAF in
patients with normal LA endocardial voltage based on two
different ablation strategies.
Methods: This is a retrospective analysis of prospectively
collected data on patients undergoing RFA for PsAF at a single
center from 2017 to 2019. All patients underwent LA
endocardial bipolar voltage mapping, and only patients with
normal voltage were included in this cohort. Normal bipolar
voltage was defined as electrogram amplitude  0.5 mV in sinus
or  0.3 mV in AF. PVI was performed in all patients, and
additional lesion sets were performed at the operator’s
discretion. Procedural data was collected at the time of the
procedure. 4- to 7-day Holter monitoring was performed
routinely at 6 and 12 months and additionally as needed based
on symptoms. Efficacy was assessed at 12 months. The
primary outcome was freedom from documented symptomatic
AF/AT lasting at least 30 sec after a blanking period of 3 months.
The cohort was divided into 2 groups: PVI only (PVI) and PVI
plus additional lesion sets (PVI+).
Results: 160 patients were included in the PVI group and 70
patients in the PVI+ group. Additional lesions in the PVI+ group
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included posterior wall isolation (93.2%), lateral mitral isthmus
ablation (43.4%), and SVC isolation (9.7%). The PVI+ group had
larger left atrial volumes and more likely to have a diagnosis of
CHF, but similar characteristics otherwise (Table). There was no
difference in primary outcome between PVI and PVI+ (86.9% vs
87.1%, respectively, p50.96).
Conclusion: In patients with PsAF that exhibit normal LA bipolar
voltage on EAM, additional LA ablation beyond PVI did not
improve freedom from atrial arrhythmias at 12 months. Operators
were more likely to perform additional LA ablation in patients with
CHF and larger LA volume. Larger, randomized studies are
needed to investigate further.
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Conclusion: Epicardial mapping from a branch of coronary
vessels is safe and has the potential to detect epicardial
substrate noninvasively. This technique can be the first step to
detect epicardial substrates, especially in patients after cardiac
surgery.

PO-637-06
EPICARDIAL SUBSTRATE MAPPING FROM CORONARY
VESSELS WITH OVER-THE-WIRE MICRO CATHETER FOR
SCAR-RELATED VENTRICULAR TACHYCARDIA
Takuro Nishimura MD, PhD; Masahiko Goya MD;
Masateru Takigawa MD; Yuki Shimizu; Miki Amemiya;
Takashi Ikenouchi MD; Tatsuaki Kamata; Tasuku Yamamoto;
Susumu Tao MD, PhD; Shinsuke Miyazaki MD, PhD, FHRS and
Tetsuo Sasano MD
Background: Epicardial access is often necessary to eliminate
the reentrant circuit of ventricular tachycardia (VT). However,
epicardial puncture accompanies the risk of complication. And in
patients after cardiac surgery, adhesions make mapping
challenging and require a surgical approach to epicardial
mapping and ablation. In those cases, a noninvasive technique is
desired to detect if epicardial substrate exists prior to the surgical
approach.
Objective: To investigate the feasibility and safety of epicardial
mapping from coronary vessels with 2.7 Fr over-the-wire
multielectrode microcatheter.
Methods: Seven scar-related VT patients (all male,
nonischemic: n55, prior cardiac surgery: n53) underwent
endocardial high-density isochronal late activation mapping
(ILAM), first. Then, the microcatheter was inserted into a branch
of coronary vessels at the opposite of endocardial deceleration
zone (DZ) or good pace map site.
Results: In all cases, the microcatheter was successfully
inserted into the target branch of the vessel (coronary artery:
n51, coronary venous system: n56). Epicardial abnormal
potentials (late and/or fragmented potentials) were recorded in 3
patients. but one of them did not have a deceleration zone in the
endocardium. During VT, the epicardial diastolic potential was
recorded in 2 patients. One patient who had prior cardiac surgery
underwent successful surgical epicardial ablation, and the other
was bailed out by endocardial intensive ablation. There was no
complication in all patients.

PO-637-07
EFFECT OF BILATERAL CARDIAC SYMPATHETIC
DENERVATION ON EXERCISE TOLERANCE AND CARDIAC
FUNCTION
Amber Tang; Aadhavi Sridharan MD, PhD; Julie M. Sorg MSN;
Jane Yanagawa MD; Jason Bradfield MD, FHRS;
Kalyanam Shivkumar MD, PhD, FHRS and Marmar Vaseghi MD,
MS, PhD, FHRS
Background: Bilateral cardiac sympathetic denervation
(BCSD) decreases sympathetic outflow to the heart and is
used as a treatment strategy in patients with refractory
ventricular arrhythmias. However, there has been concern
regarding removal of bilateral sympathetic chains with regards
to exercise endurance and cardiac inotropy, and hence, a left
sided only procedure has been advocated.
Objective: To determine the impact of BCSD on measures of
exercise capacity, left ventricular ejection fraction (LVEF), and
right ventricular systolic pressure (RVSP).
Methods: Retrospective review of 101 patients who had
undergone BCSD between 2010 and 2021 was performed.
Patients who had undergone exercise testing, either with a
treadmill test or cardiopulmonary exercise test, and an
echocardiogram within one-year pre- and post-BCSD were
included. Changes in heart rate from baseline, metabolic
equivalents (METS), duration of exercise, LVEF and RVSP preand post-BCSD were analyzed.
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Results: Ten patients (90% male, 47.6621.4 years old, 70%
non-ischemic cardiomyopathy) had exercise testing before and
after BCSD (within 667 months pre-BCSD and 16619 months
post-BCSD). Baseline heart rate was 73612 bpm before and
6767 bpm after BCSD (p50.08). Change in heart rate from
baseline during exercise was 58626 bpm pre-BCSD, compared
to 45621 bpm post-BCSD (p50.1). Exercise duration was
similar (963 min before and 863 min after BCSD, p50.2) and
patients achieved an average of 8.863.2 METS pre- vs.
9.362.6 METS post-BCSD (p50.5). In 43 patients with
echocardiographic data within one-year pre- and post-BCSD,
there was no significant change in LVEF (36613% and 35614%
respectively, p50.6) or RVSP (2868 mmHg and 3169 mmHg
respectively, p50.12). The number of patients on guidelinedirected medical therapy was similar before and after BCSD.
Additionally, 83% of patients were on beta-blockers both before
and after BCSD.
Conclusion: Despite decreased sympathetic input to the heart,
cardiomyopathy patients after BCSD still have preserved
exercise tolerance and cardiac function months after cardiac
sympathetic denervation.

PO-637-08
A COMPARISON BETWEEN DECELERATION ZONES ON
ISOCHRONAL LATE ACTIVATION MAPPING AND
SUBSTRATE FOR VENTRICULAR TACHYCARDIA USING
CT LATE IODINATED CONTRAST ENHANCEMENT AND
WALL THINNING
Daniel Levin; Aaron Matthews; Joshua Payne MD, MPH and
Jeffrey R. Winterfield MD, FHRS
Background: Isochronal late activation mapping (ILAM) is an
important tool for identification of targets for ablation without
requiring induction of ventricular tachycardia. Computed
tomography is also a promising a non-invasive method of
identification of scar. Late iodinated contrast enhancement and
wall thinning with acquisition of sub-1mm slice thickness are
used, which are surrogates for ablation targets. The relationship
of deceleration zones observed on ILAM with substrate observed
on CT imaging is unknown.
Objective: To assess the correlation between deceleration
zones seen on ILAM with CT substrate.
Methods: Consecutive patients who underwent VT ablation
during a 2-year period using the NAVX (St. Jude Medical,
Minneapolis, MN) electroanatomic mapping system and
underwent CT imaging (InHeart, Bordeaux, France) were
retrospectively reviewed. Patients with incomplete maps, low
density maps, or incomplete imaging were excluded (n515).
After CT image integration into the EA map, the presence of DZs
was assessed and the presence of underlying substrate on
imaging defined. All maps and images following integration were
evaluated by 3 independent reviewers who were blinded to
ablation lesion sets and clinical outcomes. The DZ was identified
and demarcated and then the superimposed substrate on
imaging was evaluated.
Results: There were 20 patients in the final analysis. The cohort
was 80% male with mean age of 68 years with a left ventricular
ejection fraction of 34%. Ischemic heart disease was present in
55% of subjects. In 17 of the 20 patients (85%) wall thinning of 13mm superimposed on the DZ sites was observed. Dense scar
was present in only 7 patients (35%) at DZ sites.
Conclusion: DZs observed on ILAM area are highly
associated with areas of wall thinning from 1-3 mm on CT.
Dense scar was less frequently noted with DZs. These
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findings may serve as a basis for imaging guided VT ablation
in future studies.
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PO-638-01
THE FUTURE OF ACLS: IVABRADINE’S ROLE FOR THE
TREATMENT OF REFRACTORY VENTRICULAR
ARRHYTHMIAS
Kristen Brown MD; Lindsey Safley RPh; Kara Stout DO, MPH;
John W. Schleifer MD and Faris Khan MD, MS, FHRS
Background: Ivabradine (IVA) is an attractive antiarrhythmic for
the treatment of refractory ventricular arrhythmias (RVA) as it
does not affect blood pressure or prolong the QT interval. IVA’s
efficacy in ventricular tachycardia (VT)/ventricular fibrillation (VF)
has been validated in multiple animal studies. We present a case
series demonstrating complete resolution of RVA in humans with
the addition of IVA.
Objective: Illustrate the outcomes of RVA with the treatment of
IVA.
Methods: Retrospective case series analysis of 4 patients
treated with IVA for RVA.
Results: Pt 1: 63M with ischemic cardiomyopathy was admitted
for RVA despite amiodarone, quinidine, and a beta blocker. IVA
2.5mg BID was initiated with resolution of VF. Pt 2: 61F was
admitted with cardiogenic shock secondary to giant cell
myocarditis complicated with VT/VF. IVA 2.5mg BID was initiated
for RVA despite amiodarone and quinidine. IVA was up titrated to
5mg BID with resolution of VT/VF. Pt 3: 58M without significant
history was admitted with a VF arrest. The addition of IVA 2.5mg
BID to amiodarone, quinidine, and procainamide resolved VF
burden. Pt 4: 37M with cardiomyopathy with continued VT/VF
despite amiodarone, and lidocaine, and Impella mechanical
circulatory support. IVA 2.5mg BID was initiated, and lidocaine
was weaned. These therapies stabilized his rhythm, allowing for
successful left ventricular assist device implant. All four patients’
RVA (Images A, C, E, G) were converted to sinus rhythm (Images
B, D, F, H) with the addition of IVA to standard antiarrhythmic
drugs (Table 1/Figure 1).
Conclusion: IVA may be a beneficial additive treatment for RVA.
However, randomized studies are required to determine the
clinical success of RVA attenuation with IVA.
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uptake on the PET scan (OR 0.48 0.19-1.2, p50.122, NS).
One (3.7%) of the automatic VTs was qualitatively from a
similar region to that of FDG uptake.
Conclusion: FVA in pts with suspected CS does not correlate
well anatomically with specific areas of active inflammation on
PET scan and occur in the absence of measurable FDG
uptake.

PO-638-03
ISOLATED PREMATURE VENTRICULAR CONTRACTIONS
ARE MORE DYSSYNCHRONOUS THAN PREMATURE
VENTRICULAR CONTRACTIONS IN REPEATED PATTERNS

PO-638-02
INFLAMMATION BY FDG PET IS DISCORDANT WITH SITES
OF FOCAL VENTRICULAR TACHYCARDIA IN PATIENTS
WITH SUSPECTED CARDIAC SARCOIDOSIS
David Chang MD; David Chang MD; Laura Murphy;
David Chang MD; David Chang MD; Clinton J. Thurber MD;
Uyanga Batnyam MD; William H. Sauer MD, FHRS, CCDS and
Usha B. Tedrow MD, MS, FHRS
Background: In pts with cardiac sarcoidosis (CS), late
gadolinium enhancement by cardiac MRI predicts development
of ventricular arrhythmias. Our previous analysis also suggested
a relation between scar regions and focal ventricular arrhythmias
(FVA) as determined by FDG PET CT. The role of active
inflammation on FDG PET in focal ventricular arrhythmias (FVA)
site of origin is unclear.
Objective: To assess relationship between FDG PET findings
consistent with active inflammation and FVA in pts with
suspected CS who underwent catheter ablation.
Methods: From 2010 to 2020, consecutive pts with suspected
CS who had PET scans and VT catheter ablation were included.
VT was classified as focal or reentrant based on procedural
findings. Pts with indeterminate VT mechanism were excluded
(n54). FDG PET was independently analyzed (scan was within
17+/-25 days of ablation) and classified as to the location and
presence of inflammation (e.g. focal FDG uptake). Diffuse and
lateral wall FDG uptake were considered non-specific and
excluded in describing the location of the FDG uptake.
Results: Twenty-seven (20%) of 135 pts (63612.2 years,
19.4% female) were found to have FVA: aortic root in 8,
aortomitral continuity in 6, parahisian/posterior RVOT in 4,
papillary muscle in 3, crux in 3, RV lateral wall in 2, and LV
anteroseptal wall in 1. Six (22.2%) of 27 pts had focal FDG

Christina Alhede MD, PHD; Satoshi Higuchi MD; Dwight Bibby;
Theodore P. Abraham MD and Edward P. Gerstenfeld MD, FHRS
Background: Premature ventricular contractions (PVCs) may
lead to cardiomyopathy. Preclinical studies have demonstrated
that more dyssynchronous PVCs lead to a greater degree of
cardiomyopathy. However, dyssynchrony of isolated PVCs
compared to repeated patterns of bigeminy and trigeminy have
never been investigated.
Objective: To compare left ventricular (LV) myocardial function
and LV dyssynchrony in patients with isolated PVCs compared to
patients with PVCs in repeated patterns.
Methods: We prospectively included 85 consecutive patients
referred for PVC ablation due to frequent PVCs. Isolated,
bigeminal and trigeminal (PVC every third heart beat) PVCs
were defined based on the dominant pattern. LV global
longitudinal strain (GLS) and LV dyssynchrony (measured as
SD of time to peak GLS) were quantified by 2D strain
echocardiography.
Results: Of the 85 included patients (age 57616 yrs, 46%
female, LVEF 55% [45-60]), 58 had isolated PVCs, 13 had
bigeminal PVCs and 14 had trigeminal PVCs, with no difference
in PVC burden (20% [15-27] vs. 21% [15-25] vs. 22% [21-25];
p50.7) or PVC QRS width (155 ms [146-168] vs. 161 ms [146183] vs. 159 ms [136-174]; p50.4) among the groups. PVC GLS
was comparable (-864% vs. -765% vs. -963%; p50.4, Figure
2A). However, LV dyssynchrony was significantly greater for
isolated PVCs compared to bigeminal or trigeminal PVCs (113
ms [90-137] vs. 86 ms [69-99] vs. 58 ms [58-105]; p50.001,
Figure 2B).
Conclusion: In patients with frequent PVCs, isolated PVCs were
more dyssynchronous than PVCs in bigeminal and trigeminal
patterns, despite similar PVC QRS duration. Our findings indicate
that patients with isolated PVCs may be at higher risk of
developing cardiomyopathy than patients with PVCs in repeated
patterns.
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PO-638-04

PO-638-05

LOW ATRIAL NATRIURETIC PEPTIDE TO BRAIN
NATRIURETIC PEPTIDE RATIO WAS ASSOCIATED WITH
LEFT ATRIAL REMODELING AND HOSPITALIZATION DUE
TO HEART FAILURE IN PATIENTS WITH ATRIAL
FIBRILLATION ABLATION

NONLINEAR HEART RATE DYNAMICS IN PAROXYSMAL AF
PATIENTS WITH AND WITHOUT RECURRENCE AFTER
PULMONARY VEIN ISOLATION

Yasuhiro Matsuda MD; TAKASHI KANDA MD and
Masaharu Masuda MD, PhD

Ting-Wei Ernie Liao; Li-Wei Lo MD, PhD; Yenn-Jiang Lin MD,
PhD; Shih-Lin Chang MD, PhD; Yu-Feng Hu PhD; Tze-Fan Chao;
Jo-Nan Liao MD; Hui-Wen Yang; Men-Tzung Lo PhD and ShihAnn Chen MD

Background: Deficiency of atrial natriuretic peptide (ANP) is
thought to contribute to hemodynamic deterioration in case with
advanced atrial remodeling due to atrial fibrillation (AF). However,
little is known about the association between plasma ANP level
and severity of left atrial remodeling or prognosis of heart failure
in patients with AF.
Objective: The purpose of this study was to investigate the
association between ANP and left atrial remodeling or prognosis
of heart failure in patients with AF ablation.
Methods: Three hundred and seventy-three consecutive
patients who underwent initial ablation for persistent AF (age,
67 6 10 years; and females, 97 [26%]) were retrospectively
enrolled. Plasma ANP and brain natriuretic peptide (BNP)
concentration were measured before the procedure and ANP/
BNP ratio was calculated. Left atrial appendage emptying
velocity (LAAEV), left atrial low voltage areas (LVAs), and left
atrial volume index (LAVI) were used as clinical factors of left
atrial remodeling.
Results: Median plasma ANP level was 116 (71-178) pg/ml, and
median ANP/BNP ratio was 0.65 (0.46-1.00). Plasma ANP levels
did not correlated with LAAEV or LVAs. There was significant
correlations between ANP/BNP ratio and LAAEV, LVAs, or LAVI.
During the 24 months follow-up, freedom from hospitalization due
to heart failure was significantly lower in patients with a ANP/BNP
ratio  0.65 than in those with a ANP/BNP ratio . 0.65 (94.3%
versus 99.5%, P,0.01).
Conclusion: The secretion of ANP relative to BNP decrease
along with progression of left atrial remodeling in patients with AF
ablation. Additionally, hospitalization due to heart failure
frequently occurred in patients with low secretion of ANP relative
to BNP.

Background: Pulmonary vein isolation (PVI) is a cornerstone
therapy for paroxysmal atrial fibrillation (PAF). Nonlinear heart
rate variability (HRV) parameters have been shown to alter after
PVI, however the differences between those with and without
recurrences remain unclear.
Objective: We aimed to characterize the HRV before and after
PVI in patients with and without recurrence.
Methods: 25 drug-refractory symptomatic PAF patients who
received PVI were enrolled. Holter monitoring were done before,
1w3, and 6w12 months after PVI, respectively. Patients were
classified into: late recurrence group (n59) and non-recurrence
group (n516). Linear and nonlinear HRV variables, including
 Plot analysis and Detrended fluctuation analysis (DFA),
Poincare
were analyzed.
Results: Both groups showed significant reductions in LF
after PVI, when compared to those before PVI, respectively.
RMSSD, HF, LF/HF, and SD1 decreased significantly in the
non-recurrence group following PVI, whereas same
parameters did not alter in the recurrence group, when
compared to before ablation, respectively. DFA slope2
increased significantly after PVI compared to before PVI in
the non-recurrence group, but not in the recurrence group.
Detailed parameters are shown in the Table 1.
Conclusion: Fractal correlation properties increased (DFA slope2)
significantly only in the non-recurrence group after PVI. Both
vagal (RMSSD, HF, and SD1) and sympathetic activities (LF/HF)
decreased significantly after PVI in the non-recurrence group,
whereas sympathovagal imbalance (LF) decreased significantly
in both groups. These findings suggested that neuromodulation
and heart rate dynamics play crucial roles in AF recurrence
following PVI.
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PO-638-06
TEMPORAL RELATIONSHIP OF ATRIAL ARRHYTHMIAS
WITH THE DIAGNOSIS OF CARDIAC
SARCOIDOSIS
Kelly Arps MD; Kelly Geiger BSN; Adam D. Devore MD, MHS;
Jayanth Doss MD, MPH; Ravi Karra MD, MHS; Han W. Kim MD;
Jonathan P. Piccini MD, MHS, FHRS; Sean D. Pokorney MD,
MBA and Albert Y. Sun MD
Background: Atrial arrhythmias are common in cardiac
sarcoidosis (CS). Whether atrial arrhythmias are provoked by
inflammation without established structural disease is unknown.
The temporal relationship between atrial arrhythmias and other
CS manifestations is unknown.
Objective: To determine the incidence of atrial arrhythmias
in patients with CS and the timing of atrial arrhythmias
relative to the onset of high grade heart block (HB),
ventricular arrhythmias/sudden death (VA), and heart failure
(HF).
Methods: Patients at Duke University Medical Center (20002020) with CS by Heart Rhythm Society and/or Japanese
Circulation Society criteria were included if they had at least one
episode of sustained tachyarrhythmia of atrial origin, captured on
12-lead ECG, ambulatory monitor, or cardiac implantable
electronic device.
Results: Of 98 CS patients, 47 (48%) had atrial arrhythmia(s),
including atrial fibrillation (AF) in 32 (68%), atrial flutter in 3 (6%),
atrial tachycardia in 7 (15%), and other supraventricular
tachycardias in 5 (11%). Mean age at diagnosis was 49 6 18
years, 16 (34%) were women, and 27 (57%) had pulmonary
sarcoid. At atrial arrhythmia onset, 22 (47%) were on immune
suppression. Atrial arrhythmia preceded all major traditional CS
manifestations (HB, VA, or HF) in 10 patients (10% of CS cohort),
with median time to diagnosis of HB, VA, or HF of 10.8 months
(25th, 75th percentile 2.9, 21,0) (Figure). In this group, left atrial
diameter was 3.2 6 0.5 cm (8 patients) and 7/10 had 1 common
AF risk factor. Mortality was 14.9% in CS patients with atrial
arrhythmias and 5.7% in those without atrial arrhythmias
(p50.13).
Conclusion: Atrial arrhythmias are the first cardiac
manifestation in a subset of CS patients. Active surveillance
for possible CS should be considered in young individuals
with incident atrial arrhythmias in the absence of traditional
risk factors, particularly in those with known extracardiac
sarcoid.

PO-638-07
GUIDING CATHETER ABLATION COMBINED WITH LEFT
ATRIAL APPENDAGE OCCLUSION PROCEDURE BY
FLUOROSCOPY WITH OR WITHOUT TRANSESOPHAGEAL
ECHOCARDIOGRAPHY ACHIEVED COMPARABLE
OUTCOMES
Zhongyuan Ren MS and Dongdong Zhao
Background: Several studies published the safety and efficacy
of performing catheter ablation (CA) combined with left atrial
appendage occlusion (LAAC) guided by transesophageal
echocardiography (TEE). However, intra-procedural TEE
monitoring could be difficult as some patients are intolerant.
Objective: To compare safety and efficacy of guiding CA
combined with LAAO by digital subtraction angiography (DSA)
with or without TEE.
Methods: From February 2019 to December 2020, 138 patients
with non-valvular atrial fibrillation (AF) underwent CA combined
with LAAO procedure were consecutively included, and two
cohorts were built according to intra-procedural guidance (DSA
or DSA with TEE). Periprocedural and follow-up outcomes were
compared to investigate the feasibility and safety between the
two cohorts.
Results: 71 patients and 67 patients were included in DSA
cohort and TEE cohort respectively. Age and gender were
comparable, despite TEE cohort has a higher proportion of
persistent AF [37 (55.2%) VS 26 (36.6%)] and hemorrhage
history [9 (13.4%) VS 0]. The procedure time of the DSA cohort
was significantly reduced (95.7627.6 min VS 108.9630.3 min,
P50.018), with a non-significant longer fluoroscopic time
(15.265.4 min vs 14.467.1 min, P50.074) All combined
procedure was performed successfully in both cohorts. And the
overall incidence of peri-procedural complications were similar
between cohorts. After an average of 24 months of clinical followup, only three patients in the TEE cohort had  3mm residual flow
(P50.232). Kaplan-Meier estimates showed non-significant
differences between the cohorts for freedom from atrial
arrhythmia (log-rank P value50.964), major adverse
cardiovascular events (log-rank P value50.502) and other
events.
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Conclusion: Compared with DSA and TEE guidance, DSAguided combined procedure could shorten procedural time, while
achieve similar periprocedural and long-term feasibility and
safety.

PO-638-08
LEFT ATRIAL CHARACTERISTICS FOR PREDICTING
ATRIAL FIBRILLATION OCCURRENCE DETECTED USING
CONTINUOUS RHYTHM MONITORING IN IMPLANTABLE
CARDIOVERTER DEFIBRILLATOR PATIENTS - A
CARDIOVASCULAR MAGNETIC RESONANCE STUDY
Luuk H.G.A. Hopman; Anne-Lotte C.J. van der Lingen MD;
Nikki van Pouderoijen; Pranav Bhagirath MD, PhD;
Lourens Robbers MD, PhD; V.P. van Halm MD, PhD;
€ tte MD, PhD and Cornelis P. Allaart MD, PhD
Marco J.W. Go
Background: Volumetric and functional characteristics of
atrial remodeling have been proven to be sensitive measures
for predicting development of atrial fibrillation (AF) in the
general population. The prevalence of atrial remodeling in
patients with an implantable cardioverter defibrillator (ICD) is
substantial and identification of predictors of AF occurrence in
this patient group is of clinical importance to initiate
appropriate preventive therapeutic measures to reduce the
risk of related complications.
Objective: The purpose of this study is to assess whether
cardiac magnetic resonance imaging (CMR) derived atrial
characteristics are associated with AF occurrence in ICD
patients.
Methods: This single center retrospective study included 233
patients with a dual chamber ICD or cardiac resynchronization
therapy defibrillator (CRT D) who underwent CMR imaging
prior to device implantation. None of the patients had a
documented history of AF. CMR derived features of LA
remodeling were evaluated in all patients. Detection of AF and
atrial flutter episodes was based on continuous rhythm
monitoring using the implanted device. Subgroup analysis was
performed based on etiology of cardiomyopathy (ischemic
cardiomyopathy (ICM, n5128) vs. dilated cardiomyopathy
(DCM, n583)).
Results: During follow-up, an AF episode was detected in
88 of the 233 (38%) ICD patients. Increased LA volumes
(LAVimax; 52.1 6 18.1 vs 44.9 6 16.0 P,0.01), lower LA
emptying fraction (LAEF) (38.0 6 12.9% vs 42.7 6 13.7%
P50.01) and impaired LA strain (15.2 6 7.8% vs 18.0 6
9.5% P50.02) were observed in patients with AF
occurrence as compared to patients without AF occurrence.
AF was detected in 38% of ICM patients and 35% in DCM
patients. DCM patients with newly detected AF showed
increased LA volumes and impaired LA function compared
to DCM patients without AF whereas these differences were
not observed in ICM patients (Figure). LAEF was an
independent predictor for AF occurrence in DCM patients
(P,0.01).
Conclusion: LA remodeling was associated with AF
development in DCM-ICD patients but not ICM-ICD patients,
suggesting different mechanisms of AF development in ICM
and DCM. Assessment of LA remodeling prior to device
implantation might identify patients at risk for AF development
who might benefit from additional therapy and closer
monitoring.
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PO-639-01
ENHANCED P WAVE RECOGNITION THROUGH RAXIPHOIDAL LEAD BY HUAWEI WATCH ECG RECORDING
Xu Zhou MD, PhD; JianFan Wen; Yang Wen; Yvguo Pu and
Xuefeng Guang MD, PhD
Background: ECG recording through the Huawei watch’s
(GT2 pro ECG edition, Huawei Technology Co., Ltd,
Shenzhen, PR China) back electrode on the left wrist and the
right index finger on the crown simulates the Einthoven’s
bipolar ECG lead I (Huawei Watch Lead I ECG, HWIG), which
is not a good trace for arrhythmia diagnosis due to its indistinct
P wave in some cases. Therefore, additional smartwatch leads
such as right arm-left leg lead, right arm-precordial leads are
required to get more accurate ECG information. However, the
more watch ECG leads make watch wearers the more
difficulty to get the right ECG signals.
Objective: We try to find a simple RA-Xiphoidal Huawei watch
ECG lead to record clearer P wave signals and increase the
accuracy of arrhythmia diagnosis by the smartwatch.
Methods: Lead RA-Xiphoid Huawei watch ECG (HWXG) is
sampled by putting the Huawei watch’s back electrode on the
lower sternum close to the xiphoid through the wearer’s right
thumb and index finger on the crown. ECGs of standard 12lead, HWIGs, and HWXGs of 318 patients (male 195, age
48.6618.9 years) were recorded respectively. ECG signal
quality, P wave amplitude were compared between HWIGs
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and HWXGs, and the accuracy of arrhythmia diagnosis by
Huawei watch ECG was assessed by standard ECG.
Results: In 318 Huawei watch ECGs, 9 HWIGs (2.8%) and 2
HWXGs (0.6%) were not qualified for analysis. In 234 cases of
sinus rhythm (sinus bradycardia 34, sinus tachycardia 48, NSR
152), the P wave amplitude was 0.0560.04mV in HWIGs and
0.1160.03mV in HWXGs (p,0.05). In 34 cases of sinus
bradycardia, correct diagnoses were obtained in 26(76.5%)
HWIGs and 33 (97.1%) HWXGs (p,0.01). In 18 cases of AV
block, correct diagnoses were obtained in 12(66.7%) HWIGs and
17 (94.4%) HWXGs (p,0.01). In 98 cases of tachycardia (sinus
tachycardia 48, SVT 10, atrial flutter 9, AFib 29, VT 2), correct
diagnoses were obtained in 72 (73.5%) HWIGs and 91 (92.9%)
HWXGs (p,0.05). In 36 cases of AFib, correct diagnoses were
obtained in 33 (91.7%) HWIGs and 35 (97.2%) HWXGs
(p.0.05).
Conclusion: P wave recognition and arrhythmia diagnosis
accuracy can be increased by RA-Xiphoidal Huawei watch
ECG, which is an effective and user-friendly way for smartwatch
wearers. We recommend the routine use of RA-Xiphoidal lead
to improve the accuracy of arrhythmia diagnosis by the
smartwatch.

PO-639-02
REPOLARISATION GRADIENTS DECREASE AFTER
BARIATRIC SURGERY IN OBESE PATIENTS
Kiran Haresh Kumar Patel BS, MBBS; Nikesh Bajaj;
Xinyang Li DPhil; Ben Statton; Kimberley Nyamakope;
Maria Brezitski; Ross Davidson; Stelutsa Savvidou;
Job Stoks MS; Jonathan Cousins; James S. Ware BChir, MA, MB,
PhD; Pier D. Lambiase BCH, BM, MBChB, PhD, FHRS;
Declan P. O’Regan; Matthijs J. Cluitmans MD, PhD;
Nicholas S. Peters FHRS and Fu Siong Ng MBBS, PhD
Background: Obesity is associated with abnormal ventricular
repolarisation and a higher risk of ventricular arrhythmias, which
are partly reversed with weight reduction. Despite these
observations, the proarrhythmic substrate in obesity and its
reversibility has not been studied in-depth.
Objective: To study and compare the activation and
repolarisation patterns in obese individuals before and after
bariatric surgery using electrocardiographic imaging (ECGI).
Methods: Seven obese patients (mean age 45 6 9 years, all
female) were prospectively recruited to undergo ECGI before and
after bariatric surgery (sleeve gastrectomy or gastric bypass). On
each occasion, body surface potentials recorded with 256electrodes and patient-specific heart-torso geometries acquired
by magnetic resonance imaging were used to compute over 2000
ventricular epicardial electrograms. Local epicardial activation

Heart Rhythm, Vol 19, No 5, May Supplement 2022
time (AT) was calculated as the steepest downslope of the
activation complex and local repolarisation time (RT) as the
steepest upslope of the T wave (Wyatt method). Activation
recovery intervals (ARIc) were calculated as the difference
between local AT and RT, and corrected for heart rate using
Bazett’s formula. Global dispersions of AT, RT and ARIc were
calculated as their respective standard deviations. RT gradients
(RTG) across the epicardial surface were calculated as the
maximum RT difference within 10mm radius divided by the
corresponding Euclidean distance.
Results: Mean body mass index decreased from 46.6kg/m2 to
35.7kg/m2 (p,0.001). RTG decreased following weight
reduction: mean 34.7ms vs 26.7ms, p50.031. There were no
significant differences in total ventricular AT, RT or ARIc pre- vs
post-surgery (AT: 33.0ms vs 31.7ms, p50.25; RT: 108.2ms vs
102.9ms, p50.31; ARIc: 243.8ms vs 254.1ms, p50.16).
Similarly, there were no differences in overall dispersion of AT
(7.6ms vs 7.4ms, p50.65), RT (30.1ms vs 30.2ms, p50.94) or
ARIc (36.4ms vs 35.6ms, p50.63).
Conclusion: Bariatric surgery alters local epicardial
repolarisation times resulting in a reduction in repolarisation
gradients. These findings may partially explain the reversibility of
arrhythmic risk following weight loss in obese individuals, and
further highlight the importance of aggressive weight reduction
treatment in obesity.

PO-639-03
3D MAPPING FACILITATED, INTRA-CARDIAC
ECHOCARDIOGRAPHY (ICE) GUIDED LEFT ATRIAL
APPENDAGE OCCLUSION (LAAO) IS FEASIBLE AND
SAFE, PROVIDING SIMILAR EFFICACY WITH LESS
PERSONNEL THAN TRANSESOPHAGEAL
ECHOCARDIOGRAPHY (TEE) GUIDED PROCEDURES
Iva Minga MD; Mark D. Metzl MD, FHRS;
Jonathan Rosenberg MD and Jose Nazari MD, CCDS
Background: Left atrial appendage occlusion (LAAO) provides
an alternative for stroke prevention in patients with atrial
fibrillation who cannot be safely anticoagulated long-term.
WATCHMAN FLX placement was described, and is traditionally
performed, with transesophageal echocardiography (TEE)
guidance under general anesthesia (GA). The implanting
physician, echocardiography team, and anesthesia team must all
be present, complicating coordination and scheduling. The use of
intracardiac echocardiography (ICE) with 3D mapping guidance
in place of TEE for LAAO procedures can eliminate the need for
additional personnel.
Objective: We report on the feasibility and safety of 3D
mapping-facilitated, ICE-guided WATCHMAN FLX device
implantation and compare to a similar group undergoing TEEguided implantation over the same time period.
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Methods: Since beginning to utilize ICE to guide LAAO in April
2021, our center employed either ICE or TEE for implantation
guidance based largely on the availability of pre-procedure CT
imaging. For patients undergoing ICE-guided WATCHMAN
FLX implantation, we created a 3D reconstruction of the left
atrium utilizing the CARTOSOUND module. A single
transeptal puncture was performed, through which both the
device delivery sheath and the ICE catheter were advanced.
Contrast injection through a 6 Fr pigtail catheter was used to
confirm appropriate device sizing, and LAAO was confirmed
with both contrast injection and ICE imaging in four traditional
planes.
Results: Of the 30 patients undergoing ICE-guided
implantation, 55% were male with an average age of 80. The
mean procedure and fluoroscopy time were 72.1 and 9.1
minutes, respectively. The implantation success rate was 97%
under ICE guidance alone, with one case requiring TEE
confirmation. An additional 33 patients had LAAO with TEE
guidance at our center over this period, of which 57% were
male with an average age of 81. The mean procedure and
fluoroscopy time were 42.5 and 9.5 minutes, respectively. All
TEE-guided LAAO implantations were successful.
Conclusion: 3D-mapping-facilitated, ICE-guided implantation of
the WATCHMAN FLX device is feasible and can optimize
resource utilization. Higher procedure times may be offset by
improved lab efficiency.
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(1.3% vs. 0.7%; RR 1.6, 95% CI 0.4-6.7), ischemic stroke (3.1%
vs. 4.2%; RR 0.8, 95% CI 0.44-1.45), SEE (0.7% vs. 0.6%, RR
1.3, 95% CI 0.82-1.9) and all-cause mortality (6.4% vs. 7%; RR
0.95, 95% CI 0.65-1.4) were similar between Amulet and
Watchman device. PDL was significantly lower (1.8% vs. 5.6%;
RR 0.4, 95% CI 0.3-0.6; p,0.01), with a trend towards lower DRT
(2.75% vs. 4.1%; RR 0.7, 95% CI 0.4-1.1; p50.09) with Amulet
compared to Watchman device.
Conclusion: The Amulet LAAO was non-inferior for safety and
effectiveness of strokeprevention for NVAF compared with
Watchman device, with lower PDL.

PO-639-05
ANATOMIC DISTRIBUTION OF ACTIVE SOURCES
IDENTIFIED USING ELECTROGRAPHIC FLOW MAPPING
David E. Haines MD, FHRS; Melissa H. Kong MD, FHRS;
Peter Ruppersberg MD; Vivek Y. Reddy MD; Petr Neuzil MD;
Stefan G. Spitzer MD, FHRS; Andreas Rillig MD;
Kostiantyn Ahapov MS and Tamas Szili-Torok MD, PhD

PO-639-04
WATCHMAN VS AMULET LEFT ATRIAL APPENDAGE
OCCLUDER FOR STROKE PROPHYLAXIS
Jalaj Garg MD; Kuldeep Bharat Shah MD; Mohit K. Turagam MD;
Rahul Bhardwaj MD; Tahmeed Contractor; Ravi Mandapati MD,
FHRS, CCDS, CEPS-P and Dhanunjaya R. Lakkireddy MD,
FHRS
Background: Left atrial appendage Occlusion (LAAO) is an
alternative to oral anticoagulation to reduce stroke risk in patients
with non-valvular atrial fibrillation (NVAF).
Objective: We aimed to assess the safety and effectiveness of
the Amulet vs Watchman LAAO device.
Methods: The meta-analysis was performed using a metapackage for R version 4.0/RStudio version 1.2. Hartung-KnappSidik-Jonkman method with the random-effect model was used
to combine the transformed proportions. Outcomes measured
included at implant - acute procedure success, periprocedural
pericardial effusion, in-hospital mortality, and at follow -up ischemic stroke and systemic thromboembolism (SEE), devicerelated thrombosis, peri-device leak (PDL), and all-cause
mortality.
Results: This systematic review of 7 studies incorporated a total
of 2,847 patients (mean age 75.56 7.6 years, 39.9% women,
mean CHA2DS2VASC 4.161.5, mean HAS-BLED scores
3.561). Amulet was successfully implanted in 97% patients (vs.
94.6% Watchman patients. Periprocedural pericardial effusion
(1.5% vs 1.9%; RR 0.9, 95% CI 0.2-4.65), in-hospital mortality

Background: Electrographic flow (EGF) mapping is a novel
method for detecting putative atrial fibrillation (AF) drivers and/or
triggers. Targeting mechanistically relevant areas may improve
ablation outcomes and minimize empiric ablation.
Objective: Characterize the biatrial anatomic distribution of
EGF-identified active AF sources.
Methods: From 09/27/2019 to 09/27/2021, 85 patients (pts)
with persistent (Pers) AF underwent biatrial contact mapping
of AF with a 64-pole basket catheter followed by catheter
ablation. Raw unipolar electrograms recorded after
confirmation of intact pulmonary vein isolation (PVI) were
processed using EGF mapping algorithms to identify
sources with activity level . 20%. Relevant sources were
then localized using corresponding 3D electroanatomic
maps. 5 patients excluded as they had no sources with
activity . 20%.
Results: EGF mapping was performed prospectively in 89
procedures on 80 pts with Pers AF. Mean age was 66 years,
BMI 29 kg/m2, CHA2DS2-VASc score 2.4 and LA diameter
4.4 cm. There were 259 sources with average source activity
level . 20%: 2.9 sources identified/procedure; 47.5% in RA
and 52.5% in LA; 60 patients had sources in both atria. In the
RA, SVC/RA junction was the most common source location
(24.7%). In the LA, 20.1% of sources were seen in the anterior
LA, LAA and/or ridge between LAA/LSPV and 20.1% in
posterior wall (see figure). Only 4.2% of sources localized to
the interatrial septum.
Conclusion: EGF mapping can detect and visualize extrapulmonary sources of AF throughout the RA and LA. Most extraPV source locations represent anatomically feasible targets for
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ablation. No sources were localized to valves or mid-chamber
regions.
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so-called ‘Viskin stretch’ in QT/QTc as demonstrated previously
when using the official supine-stand test with proper times of
patients being supine and standing.

PO-639-07
AUTOMATIC UNIPOLAR ELECTROGRAM MORPHOLOGY
ANALYSIS USING A CONVOLUTED NEURAL NETWORK
CLASSIFIER
Nathan A. Angel PhD; Pratik Shah PhD; Derrick Chou PhD and
Min Zhu PhD

PO-639-06
PROCEED WITH CAUTION: STANDARD PROTOCOL
EXERCISE STRESS TESTS DO NOT RECREATE THE
DIAGNOSTIC UTILITY OF THE SUPINE-STAND TESTS FOR
LONG QT SYNDROME
Alexa Pinsky B.A.; Veda Kulkarni; Johan Martijn Bos MD, PhD;
Raquel Almeida Lopes Neves MD; Thomas Allison and
Michael John Ackerman MD, PhD
Background: The treadmill exercise stress test (TEST) can
unmask concealed long QT syndrome (LQTS), especially LQT1,
by identifying a maladaptive QT response during the TEST’s
recovery phase. Additionally, the supine-stand test may aid in
LQTS diagnosis as patients fail to shorten their QT interval in
response to standing up, and instead show a paradoxical
increase of QT. However, as the supine-stand test protocol
requires patients to be supine and then standing for  5 minutes,
this often does not match the standard TEST protocols and as
such, the clinical utility needs to be validated.
Objective: To evaluate the diagnostic accuracy of interpreting
the supine-stand test from values obtained during a standard
protocol TEST.
Methods: We performed a retrospective review of 478 TESTs
from patients evaluated for LQTS in Mayo Clinic’s Windland
Smith Rice Genetic Heart Rhythm Clinic. To negate the effect of
beta blocker (BB) therapy on TEST results, patients on BB
therapy at the time of their TEST were excluded. Patients
referred for evaluation but dismissed as normal served as
controls.
Results: Overall, 243 patients with LQTS [125 LQT1, 63
LQT2, 55 LQT3; 146 (60%) female, mean age 30617 years]
and 235 controls [142 (60%) female, mean age 24615
years] were included. Both groups had similar increases in
HR (DHR) during the position change from supine to
standing. Among LQTS patients, the mean supine QTc was
465632 ms and mean standing QTc was 460634 ms
compared to 425626 ms and 423628 ms for controls
respectively. The paired DQTc was similar between LQTS
(-5626) and controls (-2625; p5 0.2). During position
change, the QT interval shortened in only 33%, remained
unchanged in 62%, and increased in 5% for LQTS patients,
similar to controls (shortened by 20 ms in 40%, unchanged
in 54%, and increased in 6%, p5 0.2). No difference in DQT
between controls and LQT1, 2, and 3 was observed. Lastly
receiver-operator curve analysis to test the diagnostic ability
of DQT performed poorly in differentiating LQTS from control
subjects with an of AUC 0.52 (p5 0.4).
Conclusion: The standard protocol TEST used in clinical
exercise laboratories throughout the world fails to elicit the

Background: Unipolar electrogram (EGM) morphology
contains information of near-field cardiac substrate
properties and the relative source-sink interactions of the
wavefront as it approaches and leaves. S wave unipolar
morphology indicates a region of electrical source and may
physiologically represent a site of focal activation or the
rapid spread of activation from activity leaving a conducting
isthmus. An R morphology indicates a region of electrical
sink and may physiologically represent wavefronts
propagating into an unexcitable obstacle such as an ablation
line. An RS wavefront generally indicates normally
conducting tissue with relatively balanced source-sink
relationship. Finally, a fractionated/multi-component EGM,
represents a region of complex source-sink relationships,
and may physiologically represent a region of multiple
wavefronts, wavefront turning, or slow conduction through an
isthmus. EGM morphology may help determine arrhythmia
mechanism. Automatically detecting and displaying regions
with characteristic EGM morphologies may aid arrhythmia
diagnosis and treatment.
Objective: Evaluate the accuracy of a CNN (convolutional
neural network) classifier to classify unipolar electrogram
morphology as compared to manual, human classification
accuracy.
Methods: Charge density unipolar electrograms (n544,622)
were acquired from 15 AT/AFL/SR patients using the
AcQMap mapping system (Acutus Medical). Training set
EGMs (n543,586, from 15 patients) were annotated as
either RS, R, S, or multi-component/fractionated by an
expert reviewer. Test set EGMs (n51,036) were annotated
from one patient by two expert reviewers. Labeled EGMs on
which the reviewers agreed were used as the test set
(n5836). A 1-dimensional CNN based classifier was
developed, trained and evaluated.
Results: The CNN was able to achieve an accuracy of 0.82 for
classifying EGM morphology. The accuracy of the CNN is
comparable to human vs. human agreement between two
experts who achieved an accuracy of 0.79.
Conclusion: CNN classifiers can classify unipolar EGM
morphology with high accuracy that rivals human level accuracy.
Automatic algorithms to classify unipolar EGM morphology may
aid physicians in diagnosis and treatment of arrhythmia.
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PO-639-08
IDENTIFICATION OF CONDUCTION PATTERNS DURING
ATRIAL FIBRILLATION USING ARTIFICIAL INTELLIGENCE:
HOLISTIC FULL CHAMBER VIEW
Nathan A. Angel PhD; Pratik Shah PhD; Derrick Chou PhD and
Min Zhu PhD
Background: Atrial fibrillation (AF) is thought to be
maintained by reentrant and focal driver regions that may
have some spatial-temporal stability. Recently, several
cardiac mapping systems have implemented algorithms
for automatic detection of these arrhythmogenic
conduction patterns (CPs) during AF. Many of these
algorithms divide the atrium into overlapping patches,
sequentially analyzing each patch with the driver
identification algorithms. Patch-based analyses may
misrepresent local CPs as the number and trajectory of
wavefronts entering and leaving the analyzed patch are
uncertain. However, when a holistic view of chamber-wide
activation is used, machine learning algorithms can
ubiquitously identify arrhythmogenic CPs.
Objective: Develop and evaluate a machine learning
approach that can automatically identify and locate
arrhythmogenic CPs.
Methods: Propagation maps of clinical AF from nine patients
were transformed into a 2D image space using conformal
mapping, and these images were used to train and evaluate
a UNet architecture model. Rotational and focal CPs were
identified by the AcQTrack algorithm (Acutus Medical) and
manually confirmed. The clinical dataset was supplemented
with eikonal simulations of focally (n5400) and rotationally
driven (n5200) AF, where the time and location of the
rotational and focal drivers were randomized and known. The
UNet architecture was trained using five of the clinical AF
cases (n57,880 frames) and simulated AF (200 focal and
100 rotational simulations, n514,380 frames). A test set,
consisting of five clinical AF cases (n56,172 frames) and
simulated AF (200 focal and 100 rotational simulations,
n514382 frames), were independently used to evaluate the
model performance.
Results: The UNet model accurately detected the time and
location of arrhythmogenic CPs in the atrium - Clinical AF DICE
0.91 and Simulated AF DICE 0.98.
Conclusion: The presented machine learning approach can
accurately identify and locate arrhythmogenic targets. It has
potential to overcome limited view problem in detecting
arrhythmogenic targets that is inherent problem of patch-based
heuristic algorithms.
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PO-640-01
CHARACTERISTICS AND OUTCOMES OF FIRST
HOSPITALIZATION FOR CARDIAC ARREST IN PATIENTS
WITH KNOWN CARDIOMYOPATHY
Effimia Maria Zacharia M.D.; Filip Istvanic M.D. and
Samir F. Saba MD, FHRS
Background: Patients with reduced ejection fraction
(LVEF50%) are at increased risk of cardiac arrest (CA) due to
shockable [polymorphic (PVT) and monomorphic (MVT)
ventricular tachycardia; ventricular fibrillation (VF)] or nonshockable [pulseless electrical activity (PEA), and Asystole]
rhythms.
Objective: To examine the characteristics and mortality of
cardiomyopathy patients admitted with CA by type of arrythmia.
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Methods: From a database of 18,003 cardiomyopathy patients
treated at a tertiary care center between 2011 and 2017, 389
(2.2%) were admitted to the hospital with CA and constituted our
study cohort.
Results: Of the 389 cardiomyopathy patients admitted with CA,
362 (93%) had documented rhythm: MVT 29, PVT 29,
Unspecified VT 27, VF 145, PEA 69, Asystole 40, and
unspecified bradyarrhythmia 23. Compared to patients with
bradyarrhythmia, those with tachyarrhythmia were less
frequently men (31 % vs 56%, p 50.027), and more likely to
have electrolyte abnormalities (27 % vs 5%, p,0.001), new
cardiac ischemia (29% vs 10 %, p,0.001), frequent PVCs (12%
vs 0%, p,0.001), be prescribed new anti-arrhythmic drugs (74
% vs 24%, p,0.001), be implanted with a new defibrillator
during the index hospitalization (35% vs 4 %, p,0.001), but
similar rates of utilization of advanced heart failure options (48%
vs 50%, p50.78). Over a median follow-up of 2.8 years, patients
with shockable rhythms had better survival (HR51.49,
p50.002, Figure).
Conclusion: In the context of cardiomyopathy, a minority of
patients are admitted with CA. Clinical characteristics, treatment
options vary significantly between patients with shockable vs
non-shockable rhythms. The former group has a significantly
lower mortality.
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Results: Of 755 cases reviewed, 451 were determined to meet
inclusion criteria for our study. Thirty-three patients (7.3%)
developed HF symptoms while maintaining sinus rhythm (SR)
after successful CV. Symptoms were reported an average of 5.6
days following CV (range 0-17 days, SD 4.71). Eighteen of
these 33 patients (54.5%) had post CV echocardiograms with
an average ejection fraction of 54% (range 15-70%, SD 13.54).
Univariate risk factors for development of HF included:
increased BMI (32.7 vs 38.0, P , .001), increased PASP
(34.2mmHg vs 43.6mmHg, P 5 0.003), AAD use (33% vs 52%,
P 5 0.031), CPAP use (12% vs 24%, P 5 0.05), hypertension
(67% vs 85%, P 5 0.03), pulmonary hypertension (5% vs 21%,
P , 0.001), valve disease (17% vs 36%), P 5 0.008), and prior
HF hospitalization (23% vs 55%, P , 0.001). Following a
multivariate stepwise logistic regression model, prior HF
hospitalization (OR 3.83, 95% CI 1.79-8.23), BMI (OR 1.06,
95% CI 1.02-1.11), valve disease (OR 2.53, 95% CI 1.13-5.65),
and AAD use (OR 2.00, 95% CI 0.94-4.28) remained significant
risk factors.
Conclusion: From our large dataset of CV for AF or AFL, we
found 7.3% of patients suffered HF despite maintenance of
SR. A multivariate logistic regression model identified
several clinical features and biomarkers as risk factors for
HF post CV, including elevated BMI, valve disease, previous
HF hospitalization, and prior AAD use. In our future work,
we will expand this dataset to help antecedent identification
of at risk persons to initiate preventative treatment
strategies.

PO-640-03
ELECTROGRAPHIC FLOW ANGLE VARIABILITY ENABLES
ATRIAL RHYTHM DISCRIMINATION
John D. Hummel MD, FHRS; Melissa H. Kong MD, FHRS;
Joshua D’Arcy MD; Dmytro Perekrestenko and
Peter Ruppersberg MD

PO-640-02
PREVALENCE AND RISK FACTORS ASSOCIATED WITH
DECOMPENSATED HEART FAILURE AFTER SUCCESSFUL
ELECTIVE CARDIOVERSION FOR ATRIAL FIBRILLATION
AND ATRIAL FLUTTER
Christina Healy MD; Palwinder Sodhi MD; Annabelle Barnett PA;
Timothy Hess PhD and Jennifer M. Wright MA, MD, FHRS
Background: Acute pulmonary edema following cardioversion
(CV) of atrial fibrillation (AF) or atrial flutter (AFL) has been
previously reported. Mechanisms including left atrial mechanical
failure have been postulated, yet no studies to our knowledge
have revealed the etiology and no predictive clinical biomarkers
are available.
Objective: To determine the incidence of and risk factors for
decompensated heart failure (HF) after successful AF and AFL
CV.
Methods: Seven hundred fifty-five patients underwent
successful elective CV at our institution from July 1, 2018 to May
20, 2019. Patients presenting in arrhythmias other than AF or
AFL, as well as those who reverted within 30 days, were
excluded. Medical records of the remaining patients were
reviewed before and after CV.

Background: Electrographic Flow (EGF) mapping visualizes
global cardiac action potential flows in near real-time and is a
novel method to assess a spectrum of atrial arrhythmias. EGF
patterns can determine whether areas of conduction are stable in
flow direction over time or show flow angle variability (FAV)
suggesting disorganized electrical wavefront propagation. Atrial
fibrillation (AF) is a complex arrhythmia that can be organized by
ablation or medication making it difficult to discriminate from atrial
flutters (AFL) and tachycardias (AT).
Objective: Evaluate ability of FAV to differentiate atrial
arrhythmias based on EGF patterns and degree of organization
of endocardial activation.
Methods: We analyzed 1 minute of unipolar electrograms
recorded from 183 AF patients, who underwent mapping with a
64-pole basket catheter. FAV measure of average number of
degrees an EGF flow vector field changes over 19 ms (1 frame)
was assessed per patient. R-R correlation score (R-RC)
(average (across channels) Pearson correlations of consecutive
R-R intervals) and changes in atrial cycle length (ACL) were also
assessed.
Results: In 3,030 recordings, FAV increased as ACL decreased
(p 5 ,.001, R250.09) and as R-RC decreased (p 5 ,.001,
R250.35). FAV was significantly higher in AF (3.5 6 1.0) than in
AFL (1.5 6 0.5), p,.001 or in AT (2.0 6 0.9), p,.001. Box plots
show mean ACL does not differentiate any rhythm while mean RRC enables quantitative distinction between AF and organized
rhythms of AFL/AT.
Conclusion: Flow angle variability as an indicator of stability of
electrographic flow directionality over time shows significant
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differences between varying atrial arrhythmias and may enhance
the differentiation of these arrhythmia types.

PO-640-04
LONG TERM IMAGING AND CLINICAL OUTCOMES OF
SURGICAL LEFT ATRIAL APPENDAGE OCCLUSION WITH
ATRIAL CLIP
Adnan Ahmed MD; Naga Venkata Krishna Chand Pothineni MD;
Rishi Charate MD; ahmed romeya MD;
Dhanunjaya R. Lakkireddy MD, FHRS and
Rakesh Gopinathannair MA, MD, FHRS
Background: Surgical left atrial appendage occlusion (LAAO)
with an atrial clip (Atricure) is frequently performed for stroke
prophylaxis in patients with atrial fibrillation (AF).
Objective: To assess the rates of complete LAA closure with
Atriclip in patients undergoing concomitant hybrid AF ablation
and surgical LAA clipping.
Methods: We conducted a retrospective analysis of all patients
with long standing persistent AF (LSPAF) that underwent hybrid
convergent ablation (surgical ablation plus endocardial catheter
ablation) and LAA clipping. Contrast enhanced cardiac CT
(CCTA) was performed at 6 months following LAA clipping to
assess for degree of complete closure and assessment of
residual LAA stump. Outcomes of stroke/transient ischemic
attack were assessed at 12 month follow up.
Results: A total of 43 patients underwent LAA clipping as a part of
hybrid convergent AF ablation during the study period. Mean age
of the cohort was 64.968.9 years and 62.8% were males. Mean
LA size was 4.561.2 cm. Median size of Atriclip was 45mm (IQR40-50). At 6 month follow up CT imaging, 20 patients (46.5%) had
evidence of a residual LAA stump proximal to the LAA clip. Mean
depth of residual stump was 3.9565.98 mm. 5 out of 11 patients
had a stump depth of . 10 mm and 1 patient had a depth of 24 mm
that required closure with an endocardial LAA occluder device. All
patients were continued on oral anticoagulation. There were no
stroke/TIA events at 12 month follow up
Conclusion: Rate of residual stump following surgical LAA
exclusion with Atriclip is approximately 50%. Careful follow up
imaging for assessment of complete closure is needed prior to
making oral anticoagulation decisions.

PO-640-05
GLOBAL ELECTRICAL HETEROGENEITY AND CARDIAC
MEMORY CHANGES DISTINGUISH ACUTE FROM
CHRONIC LEFT BUNDLE BRANCH BLOCK

S205
Hans Friedrich Stabenau MD; Alice Haouzi MD;
Alfred E. Buxton MD; Patricia Tung MD, MPH;
Peter J. Zimetbaum MD, FHRS; Andre d`Avila MD, PhD;
Daniel B. Kramer MD, MPH; Alexei Shvilkin MD, PhD and
Jonathan W. Waks MD
Background: Time-dependent electrical remodeling due to
ventricular activation sequence changes (cardiac memory),
measured as peak QRS/T ratio, has been used to differentiate
acute and chronic LBBB. The association between cardiac
memory and the spatial ventricular gradient (SVG), a measure
of myocardial global electrical heterogeneity (GEH), is
unknown.
Objective: Compare SVG to peak QRS/T ratio in distinguishing
between acute and chronic LBBB.
Methods: Acute (immediately post procedure) and chronic
LBBB in patients undergoing transcatheter aortic valve
replacement (TAVR) were identified retrospectively using a
hospital ECG database. Vectorcardiograms were constructed
from 12-lead ECGs obtained after TAVR using the Kors
transformation. The SVG vector was constructed from the
area under the X, Y, and Z median QRST complexes. SVG
vector components were compared jointly using the
multivariate test on means. SVG X, Y, and Z components as
well as SVG vector magnitude and elevation were compared
individually using t-tests. SVG azimuth was compared using
the Wheeler-Watson-Mardia test for circular data. A receiver
operator characteristic (ROC) curve was constructed for
distinguishing acute from chronic LBBB using the SVG and
peak QRS/T ratio.
Results: Among 31 post-TAVR patients with LBBB, n521
had acute LBBB and n510 had chronic LBBB. SVG
vector orientation was significantly different among acute
and chronic LBBB (joint p50.004), primarily due to acute
LBBB having more inferiorly and posteriorly directed SVG:
the mean anterior-posterior (Z) component of the SVG
(SVGz) was -10.8 6 25.0 vs. 37.8 6 27.3 mV*ms
(p,0.0001) for acute and chronic LBBB patients,
respectively. Similarly, mean SVG azimuth (angle in the
frontal plane) was 18 vs -47 deg (p50.004) for acute and
chronic LBBB patients, respectively (Fig 1). SVGz was
correlated with peak QRS/T ratio (Fig 2). The ROC area
under the curve (AUC) was 0.91 for SVGz comparing new
vs old LBBB. The ROC AUC for peak QRS/T ratio was
similar at 0.94 (p50.50 vs SVGz). SVGz . 3.2 mV*ms
had a 90% sensitivity and 91% specificity for identifying
chronic LBBB.
Conclusion: The SVG can distinguish acute from chronic LBBB
and is correlated with measures of cardiac memory. The
association between GEH and cardiac memory requires further
study.
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Soonil Kwon MD; So-Ryoung Lee MD, PhD; Eue-Keun Choi MD,
PhD; Sun-hwa Kim MD; Hyo-Jeong Ahn MD; Seung woo Lee MS;
kyungdo han PhD; Seil Oh MD, PhD, FHRS and
Gregory Lip MD

PO-640-06
HORMONE REPLACEMENT THERAPY AND AF IN
POSTMENOPAUSAL WOMEN: AN ANALYSIS OF THE
NATIONAL INPATIENT SAMPLE (NIS) DATABASE
Zoya Baloch Mohammad MD, MPH; Sahith Reddy Thotamgari
and Paari Dominic MBBS
Background: Hormone replacement therapy (HRT) use has
independently been related to thromboembolism, but the the
association between HRT and AF in postmenopausal women is
not fully understood.
Objective: We hypothesized that HRT may play a protective role
in AF risk, which would align with data from current studies. We
also sought to assess the impact of HRT on stroke outcomes in
postmenopausal women with AF.
Methods: Using the National Inpatient Sample (NIS) database,
postmenopausal hospitalized females of age .60 years old from
2016-2018 were identified. Patients were further delineated by
HRT use and AF presence. Prevalence of AF in those on HRT
versus not on HRT was investigated using multivariate analysis to
adjust for age, race, sex and comorbidities. Chi-square analysis
was used to identify any difference in stroke in women with known
AF between the HRT and non-HRT groups.
Results: A total of 5,007,601 hospitalized, postmenopausal
female patients .60 years old were identified. Of those, 894,933
had AF and 5727 were on HRT. The prevalence of AF was found
to be lower in HRT (n5866, 15.5%) compared to those not on
HRT (n5894047, 17.9%) (p,0.001, OR 0.84, [0.78-0.90]). The
inverse association between HRT and AF remained significant
after adjusting for age, race, sex and comorbidities in a
multivariate analysis (OR 0.80 [0.68-0.95], p50.007*). In AF
patients, there was no difference in prevalence of stroke between
HRT and no HRT (n544, 5% vs n539,137, 4.4%).
Conclusion: The role of sex hormones in AF has not been
studied using NIS data. AF risk appears lower in patients with
HRT after adjusting for age, race and comorbidities index, which
compliments results of current clinical studies. This suggests that
female sex hormones may play a protective role against an
arrhythmogenic milieu in the atria that perpetuate AF. No
difference was found in risk of stroke/TIA or composite end point
in females age .60 and AF with or without HRT.

PO-640-07
SEVERITY OF METABOLIC SYNDROME AND INCIDENT
END-STAGE RENAL DISEASE AMONG PATIENTS WITH AF

Background: There is less evidence regarding the
association of metabolic syndrome (MS) and incident endstage renal disease (ESRD) among patients with atrial
fibrillation (AF).
Objective: The study aimed to investigate the impact of the
severity of metabolic syndrome on incident ESRD among
patients with AF using 5 diagnostic criteria of MS.
Methods: A total of 270,112 AF patients without a history of
ESRD were investigated from the National Health Insurance
Service database between 2009 and 2016. The study
population was categorized into 6 groups according to the
metabolic scores (Figure 1). For each patient, the metabolic
score was calculated by adding 1 point each for any
criterion that meets the diagnostic criteria for metabolic
syndrome (0-5 points available). We regarded a higher
metabolic score corresponded to a severer metabolic
syndrome. Multivariable Cox’s analysis was used to
estimate the risks of ESRD.
Results: There was a total of 23,110 (8.6%), 44,042 (16.3%),
53,732 (19.9%), 61,717 (22.8%), 58,383 (21.6%), and
29,128 (10.8%) patients with 0 to 5 metabolic scores,
respectively. The population’s mean age was 61.8 years and
the male proportion was 56.3%. Compared to the no MS
group (score 0), the severest group (score 5) was older
(mean 65.9 versus 50.0 years), had a higher proportion of
males (54.5% versus 46.6%), and had a higher CHA2DS2VASc score (mean 3.8 versus 1.0). The median follow-up
was 4.5 years. Compared to the no MS group, the other
groups were associated with gradually increasing incidences
of ESRD according to metabolic scores (log-rank p,0.0001)
(Figure 2). In general, a higher metabolic score led to a
more increased risk of ESRD (adjusted HR [95% CI] 51.95
[1.03-3.72], 2.14 [1.13-4.03], 2.41 [1.27-4.55], 2.05 [1.063.94], 2.58 [1.32-5.07], according to each metabolic score)
(Figure 2).
Conclusion: In general, each component of metabolic syndrome
showed an additive impact on the risk of ESRD among patients
with AF.
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PO-640-08
CLINICAL IMPACT OF UNHEALTHY LIFESTYLE IN
PATIENTS WITH ATRIAL FIBRILLATION HAVING LOW-RISK
FOR STROKE
Soonil Kwon MD; So-Ryoung Lee MD, PhD; Eue-Keun Choi MD,
PhD; Sun-hwa Kim MD; Hyo-Jeong Ahn MD; Seung woo Lee MS;
kyungdo han PhD; Seil Oh MD, PhD, FHRS and
Gregory Lip MD
Background: Unhealthy lifestyle may contribute to poor clinical
outcomes in patients with atrial fibrillation (AF).
Objective: The study aimed to investigate the impact of an
unhealthy lifestyle on ‘low-risk’ AF patients (CHA2DS2-VASc 1
for men, 2 for women).
Methods: A total of 52,451 low-risk AF patients were
investigated from the National Health Insurance Service
database between 2009 and 2016. According to unhealthy
lifestyle scores, the study population was categorized into 4
groups (Figure 1). Based on a survey on the health habits of
each patient, we calculated an unhealthy lifestyle score (ULS)
by adding 1 point each if a participant had a sedentary lifestyle,
alcohol consumption, or smoking. Multivariable Cox’s hazard
regression analysis was used to evaluate the risks of study
outcomes. The primary outcome was the composite of major
cardiovascular adverse events (MACE, including myocardial
infarction, ischemic stroke, and heart failure) and all-cause
death.
Results: There was a total of 12,792 (24.4%), 24,785
(47.3%), 11,602 (22.1%), and 3,272 (6.2%) low-risk AF
patients with 0 to 3 points of ULS, respectively. The
population’s mean age was 51.6610.4 years, and male
proportion was 61.6%. Compared to the healthiest group
(ULS 0), the unhealthiest group (ULS 3) was younger (48.2
vs. 53.0 years, p ,0.0001), had a higher proportion of males
(93.1% vs. 43.6%, p ,0.0001), was more obese (38.6% vs.
34.1%, p ,0.0001). The median follow-up was 4.1 (2.1-6.1)
years. Compared to the healthiest group, the other groups
were associated with significantly higher risks of the primary
outcome with a gradually increasing trend according to ULS
(adjusted HR [95% CI] 51.17 [1.05-1.31], 1.37 [1.21-1.56],
1.82 [1.53-2.17], respectively) (Figure 2).
Conclusion: Unhealthy lifestyle may lead to poor clinical
outcomes in low-risk AF patients. A healthy lifestyle would be
important to prevent adverse cardiovascular events in low-risk AF
patients.

POSTER PO-641:
Posters: Clinical EP at Pod 13
Friday, April 29, 2022
3:00 PM - 5:00 PM

PO-641-01
DIAGNOSTIC UTILITY OF 18 FDG PET AND CMR IN
DIAGNOSIS OF EARLY CARDIAC SARCOIDOSIS
Muthiah Subramanian; vishnu ravilla; Dr Suneetha Batchu;
Mohan Roop Jayanthi; Daljeet K. Saggu MBBS, MD;
Sachin Dhareppa Yalagudri MBBS, MD and
Calambur Narasimhan MD
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Background: Cardiac MRI and 18-fluorodeoxyglucose positron
emission tomography(18 FDG-PET-CT) are commonly used to
diagnose cardiac sarcoidosis (CS). Their clinical utility in early
and late stage of the disease is unclear.
Objective: To compare the diagnostic utility of 18FDG-PET-CT
and CMR in patients with early and late stage of CS.
Methods: Data of 96 consecutive patients with CS from the
Granulomatous Myocarditis Registry was analysed. All patients
underwent a 18 FDG-PET-CT and CMR within 1 week of their
initial clinical presentation. Patients were divided into early (,6
months) (ES) and late stages (LS) based on the duration of time
since their first cardiac presentation. The uptake index (UI) was
defined as the product of maximum standardized uptake value
and the number of LV segments with abnormal uptake on 18
FDG-PET-CT. Clinical response (CR) was assessed after 4-6
months of immunosuppressive therapy. CR was defined as an
improvement in functional class  1 and freedom from ventricular
arrhythmias and HF hospitalizations.
Results: Among the 91 patients in the final analysis (age,
44.1610.3yrs; left ventricular ejection fraction,43.169.5%), 54.9%
and 45.6% had an ES and LS CS, respectively. At initial
presentation, patients with LS had higher frequency of ventricular
arrhythmias (82.9%vs.60.0%,p50.012)and a reduced LVEF
(35.6% vs. 54.5%, p50.009) compared to those with ES. In
patients with ES CS, abnormal myocardial uptake on PET-CT was
noted in all(100%) and 68% had late gadolinium enhancement on
CMR (p,0.001). Diagnostic yield of PET and CMR was similar in
LS CS (92.7%vs.95.1%,p50.498). (Figure) The UI was higher in
patients with ES compared to those with a LS CS (78.4 vs. 43.6,
p50.002). In addition, CR was higher in patients with an ES
compared to those with a LS CS (82.0% vs. 68.3%, p50.034).
Conclusion: In patients with early disease, 18 FDG-PET CT
appears to be superior to CMR in diagnosis of cardiac sarcoidosis.

Heart Rhythm, Vol 19, No 5, May Supplement 2022
Objective: We aimed to perform a meta-analysis of all available
studies to evaluate the effect of yoga therapy on patients with
recurrent VVS.
Methods: A systematic search of electronic databases was
performed to identify studies evaluating yoga therapy along with
current guideline-based therapy in patients with recurrent VVS.
The primary outcome was the number of VVS attacks and quality
of life (QoL) assessment by Syncope Functional Status
Questionnaire (SFSQ) scores at 12 months. The MantelHaenszel random-effects model was used to calculate the mean
difference (MD) and 95 % confidence interval (CI).
Results: We included four studies, two randomized trials, and
two observational studies. A total of 309 patients were included.
The mean age of participants was 36.4 6 13.5 years, with 141
participants (45.6%) being males. The baseline syncope burden
was 3.5 6 2.38 episodes over 15.6 6 12.8 months. Compared to
the control group, Yoga therapy significantly reduced the mean
number of syncopal and presyncopal attacks (MD -1.86; 95% CI
-3.30, -0.43; P 5 0.01; Figure). However, Yoga therapy didn’t
improve QoL assessed by SFSQ scores (MD -30.69; 95% CI
-62.22,0.83; P 50.06; Figure).
Conclusion: Among patients with recurrent VVS, Yoga therapy
is beneficial as an adjunct therapy in reducing the recurrence of
syncopal and presyncopal attacks. However, yoga therapy didn’t
improve the QoL.

PO-641-03
TRENDS OF ATRIAL FIBRILLATION IN PATIENTS
HOSPITALIZED FOR INFLAMMATORY BOWEL DISEASE AN ANALYSIS OF THE NATIONAL DATABASE
surya kiran aedma MBBS; Pranav Mahajan MBBS; Anant Naik;
Muhammad Aamir and Anuj Garg

PO-641-02
THE EFFECT OF YOGA THERAPY ON PATIENTS WITH
RECURRENT VASOVAGAL SYNCOPE: A SYSTEMATIC
REVIEW AND META-ANALYSIS
Kirellos Said Abbas MBBCH; Basel Abdelazeem MD;
Mostafa atef; Suhaila Mamdouh Mohammed;
Nouraldeen Manasrah and Pramod Savarapu
Background: Yoga therapy may reduce the symptomatic burden
and improve the quality of life in patients with recurrent vasovagal
syncope (VVS). Treatment of VVS is challenging as current
medical therapy is limited. The recently published LIVE-Yoga
study showed that yoga as adjunctive therapy is superior to
standard therapy alone. However, the data on yoga therapy for
VVS treatment is less clear.

Background: Inflammatory Bowel Disease (IBD) associated
chronic inflammation and autonomic dysregulation have been
reported in the literature to predispose to arrhythmias in particular
atrial fibrillation.
Objective: The aim of the present study is to determine the
trends of AF amongst patients hospitalized for ulcerative colitis
(UC) and Crohn’s disease (CD) from 2003-2017 and establish an
association using the National Inpatient Sample database (NIS).
Methods: We analyzed NIS data of adults diagnosed with AF
and UC or CD, either as primary or secondary diagnosis using the
validated ICD-9 and ICD-10 codes. Sex, race, and other
demographics were collected. Trend analysis of AF was
performed with Cochran-Armitage trend tests.
Results: Overall Trends: From 2003 to 2017, a total of 2235413
and 1324746 patients were hospitalized due to CD and UC
respectively out of which 149114 (6.67%) with CD and 131795
(9.95%) with UC had AF. The overall trend shows an increase in
the prevalence of CD, UC from 2003 to 2017 (CD: 4.06% to 8.3%;
UC: 4.1% to 8.81%; pTrend,0.0001). Parallelly there is an
increase in the prevalence of AF (CD: 4.21% to 7.97%; UC 7.03
to 10.56; pTrend,0.0001). There is an increase in the prevalence
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of CD and UC as age increases. Similarly, there is an increase in
the prevalence of associated AF diagnosis [(CD-18-25
years:1.31%, 25-44 years:4.94%, 45-64:20.65%, .65:73.1%;
p,0.0001); (UC-18-25 years:0.74%, 25-44 years:2.96%, 4564:15.92%, .65:80.38%; p,0.0001)]. The highest prevalence of
IBD and AF was in patients .65 years of age. There was no
significant difference in the prevalence of AF in male and female
patients with CD and UC over the years from 2003 to 2017 [(CDM:47.74%, F: 52.26%) ; (UC - M:51.45%, F:48.55%).
Conclusion: Our finding suggests that there has been an
increasing prevalence of AF in patients hospitalized with CD and
UC. Considering pathogenesis of AF is linked to systemic
inflammation and IBD is associated with systemic inflammation,
further studies are necessary to validate and better understand
the underlying mechanisms.
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compared for different pacing locations and for initial and
decremental stimuli (Fig.B,C).
Results: EAM similarity was associated with decreasing
distance between pacing locations (r 5 -0.40 [VA], -0.80 [CV],
-0.77 [IC], -0.81 [FI], -0.72 [ED], -0.49 [FP]; p,0.0005). The
amount of disease remodeling was strongly correlated with EAM
similarity between different pacing sites (r 5 0.86 [VA], 0.69 [CV],
0.62 [IC], 0.71 [FI], 0.75 [ED], 0.90 [FP]; p,0.0005) (Fig. B). EAM
similarity between initial and DP was also correlated with disease
remodeling for most characteristics (r 5 0.48 [IC], 0.73 [FI], 0.52
[ED], 0.31 [FP], p,0.05). In addition, DP improved detection of
areas with high FI (1.47 cm2 vs. 3.66 cm2, p,0.0005). For
different pacing sites, all EAM characteristics exhibited greater
similarity in diseased versus non-diseased tissues (Fig. C).
Between initial and DP, only IC and FI had increased similarity in
diseased versus non-diseased tissues (Fig.C).
Conclusion: Mapping with MWP and DP may be more valuable
for improving detection of arrhythmogenic VT substrate in hearts
with less disease remodeling.

PO-641-04
FUNCTIONAL MAPPING FOR ARRHYTHMOGENIC
SUBSTRATE CHARACTERIZATION IS MORE EFFECTIVE IN
HEARTS WITH LESS DISEASE REMODELING
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: Functional mapping using multiple wavefront
pacing (MWP) or decremental pacing (DP) can improve detection
of critical sites for ventricular tachycardia (VT) on
electroanatomic maps (EAMs). However, it is not wellestablished how the underlying disease remodeling distribution
affects functional substrate characterization on EAMs.
Objective: To investigate how substrate characterization on
EAMs generated by MWP and DP is affected by the patientspecific distribution of diseased-induced remodeling in the
myocardium.
Methods: 48 clinical cardiac images were obtained from postinfarct patients undergoing VT ablation and used to reconstruct
personalized heart models that represented the patient-specific
disease remodeling. MWP was assessed from 50 endocardial
and epicardial sites; DP entailed the delivery of a decremental
stimulus at 310 ms after the initial at all sites (Fig.A). EAMs were
simulated by calculating surface unipolar electrograms (Fig.A).
From each EAM, voltage amplitude (VA), conduction velocity
(CV), isochronal crowding (IC), fractionation index (FI),
electrogram duration (ED), and frequency power (FP) were
computed. Similarity between EAM characteristics was

PO-641-05
SAFETY AND IN-HOSPITAL OUTCOMES OF LEFT ATRIAL
APPENDAGE CLOSURE DEVICE IN PATIENTS WITH
HEART FAILURE: AN ANALYSIS FROM THE NATIONAL
INPATIENT SAMPLE DATABASE 2015-2018
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Carlos Vergara Sanchez MD; Michael Dangl MD;
Michael Albosta; Ian Ergui; Karla Inestroza MD;
Jennifer Maning DO; Louis Thomas Vincent MD;
Jelani K. Grant MD; Bertrand Ebner and Rosario Colombo
Background: Left atrial appendage occlusion (LAAO) is a
procedure that has been shown to be non-inferior to oral
anticoagulation for stroke prevention for patients with atrial
fibrillation. There is limited data about the safety of left atrial
appendage occlusion (LAAO) in patients with heart failure (HF).
Objective: To evaluate LAAO safety and in-hospital outcomes in
patients with HF.
Methods: We queried the NIS database from 2015-2018 for
relevant ICD-9 and -10 procedural and diagnostic codes. We
compared baseline characteristics and in-hospital outcomes of
LAAC in patients with and without a history of HF. We used
multivariate logistic regression to adjust for pre-specified
covariates and possible confounders, p-value ,0.001 was
considered significant.
Results: We identified 14,751 patients with HF, and 23,923
without HF who underwent LAAO. Baseline characteristics are
shown in Table 1. In-hospital mortality rate (0.5% vs 0.2%), acute
kidney injury (AKI) (5.6% vs 2.3%), and all major bleeding (8.2%
vs 6.1%) were significantly higher in the HF group compared to
non-HF patients (p,0.001 for all). However, all-cause stroke,
cardiac arrest, and intraoperative cardiac complications were not
statistically different between groups Additionally, HF conferred
higher odds of mortality (OR 2.184 [95% CI 1.482-3.217]), AKI
(OR 2.40 [95% CI 2.14-2.71]), major bleeding (OR 1.303 [95% CI
1.19-1.42]), and all transfusion (OR 1.8 [95% CI 1.58-2.05]).
Conclusion: Patients with HF have a higher risk of complications
and mortality with LAAO compared to patients without HF,
however the absolute rate of complications is low. Risks and
benefits of LAAO should be discussed with patients with HF.

PO-641-06
ROLE OF INTERATRIAL CONDUCTION IN ATRIAL
FIBRILLATION. MECHANISTIC INSIGHTS FROM RENEWAL
THEORY-BASED FIBRILLATORY DYNAMIC ANALYSIS
Alvin Quah B Med Sc, MBBS, FRACP
Background: Inter-atrial conduction has been postulated to play
an important role in atrial fibrillation (AF). The pathways involved
in inter-atrial conduction during AF remain incompletely defined.
A potential barrier in delineating the role of interatrial conduction
in AF perpetuation has been that it has been challenging to
physiologically probe these connections during sustained AF due
to theturbulent nature of the fibrillatory process.
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
understand the role of the inter-atrial septum and other
electrically coupled regions during AF.
Methods: RENEWAL-AF is a prospective multicentre
observational study recruiting AFablation patients (ACTRN
12619001172190). We studied unipolar electrograms obtained
from sixteen biatrial locations prior to ablation using a 16electrode Advisor TM HD-Grid catheter. Renewal rate constants
l f and l d were calculated, and the relationships between these
rate constants in regions of inter-atrial connectivity were
examined.
Results: N541 AF (29% females) patients were recruited. A
positive linear correlation was observed between lf and ld (i)
across the inter-atrial septum lf r2 50.5, P,0.001, ld r2 50.45,
P,0.001); and (ii) regions connected by Bachmann’s bundle
(RAA-LAA lf r2 50.29, P50.001; ld r2 50.2, P50.008).
Paroxysmal AF showed stronger correlations across the LA and
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RA septal region (lf r2 50.72, P,0.001; ld r2 50.79, P,;0.001),
than persistent AF (lf r2 50.17, P50.08; ld r250.07, P50.28).
Similarly, there was a stronger correlation in patients with LA
volume index (LAVi) ,40mL/m than LAVi 40mL/m2 . (LAVi,40 lf r2 50.68, P,0.001, ld r2 50.68, P,0.001, LAVi40 lf r2
50.27, P50.03 and ld r2 50.14, P50.14).
Conclusion: Our findings support the role of interseptal
statistically-determined electrical dyssynchrony in sustaining AF.
Additionally, renewal theory identified preferential conduction
through inter-atrial pathways during fibrillation. These findings
may be of clinical significance in identifying new targets for
catheter ablation in AF patients.
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patients (n 5 177; 52%) displayed chronotropic insufficiency, of
which 129 with LQT1 (65%), 30 with LQT2 (41%), and 18 with
LQT3 (26%). Patients with LQT1 were most likely to exhibit
chronotropic insufficiency compared to patients with LQT2
(p50.0006) and LQT3 (p,0.0003). There was no difference
between patients with LQT2 and LQT3 (p50.06). Presence of
chronotropic insufficiency was not a predictor of LQTSassociated symptoms.
Conclusion: Patients with LQTS, particularly LQT1, have an
SAN phenotype of chronotropic insufficiency. If assessing beta
blocker therapy effect by impact on peak HR, the patient’s pretreatment peak HR, rather than an age- and gender- predicted
maximum HR, should be used.

PO-641-08
VERY LOW EFFICACY OF VAGAL MANEUVERS IN
TERMINATING PAROXYSMAL SUPRAVENTRICULAR
TACHYCARDIA: RESULTS FROM THE NODE-301 STUDY
Bruce S. Stambler MD, FHRS; James E. Ip MD, FHRS;
Francis Plat MD; Benoit Coutu MD; Blandine A. Mondesert MD;
Atul Verma MD, FHRS; Silvia Shardonofsky and
A. John Camm MD, FHRS

PO-641-07
PATIENTS WITH LONG QT SYNDROME HAVE A PRIMARY
SINOATRIAL NODE PHENOTYPE OF INTRINSIC
CHRONOTROPIC INSUFFICIENCY
Veda Kulkarni BS; Alexa Pinsky BA; Johan Bos MD, PhD;
Raquel A. Neves MD; Thomas G. Allison PhD, MPH and
Michael J. Ackerman MD, PhD
Background: Long QT syndrome (LQTS) is a cardiac
channelopathy characterized by QT prolongation and the
potential for ventricular torsadogenic-mediated syncope, sudden
cardiac arrest, and sudden cardiac death. Whether patients with
LQTS have a primary sinoatrial node (SAN) phenotype of
chronotropic insufficiency has been speculated but not
demonstrated because of the confounding effects of beta blocker
therapy.
Objective: To determine whether there is intrinsic chronotropic
insufficiency present in untreated patients with LQTS.
Methods: A retrospective review of all treadmill exercise stress
tests (TEST) was performed on patients with one of the three
most common LQTS genotypes: LQT1, LQT2, and LQT3. For
each patient, the first TEST completed while off beta blocker was
analyzed. Patients with prior cardiac sympathetic denervation
therapy were excluded. Chronotropic insufficiency was defined
as having an age- and gender-predicted peak heart rate (HR) ,
85% and/or a predicted HR reserve , 80%.
Results: Overall, 339 LQTS patients (197 LQT1, 73 LQT2, and
69 LQT3) were included (189 female [56%]; mean age at time of
TEST [28 6 17 years]). Mean predicted peak HR for all LQTS
patients was 88% (range 54% - 119%) and mean predicted HR
reserve was 79% (range 19% - 134%). Overall, half of all LQTS

Background: There are currently no acute drug therapies for
paroxysmal supraventricular tachycardia (PSVT) approved for
self-administration outside a medically supervised setting.
Vagal maneuvers (VMs) are often recommended to individuals
with PSVT as a first-line treatment for sustained episodes.
Etripamil is a fast-acting, intranasally administered
non-dihydropyridine, L-type calcium channel blocker in
development to treat atrioventricular nodal-dependent PSVT.
NODE-301 (NCT03464019) was a randomized, placebocontrolled, multicenter, phase 3 study evaluating selfadministration of 70 mg etripamil nasal spray for acute
termination of PSVT episodes in patients aged 18 years.
Objective: To determine the effectiveness of VMs as a first-line
treatment in resolving PSVT episodes prior to study drug
treatment in the NODE-301 study.
Methods: Patients were trained on VMs and instructed by study
physicians to use a VM as their first attempt to resolve a
perceived SVT episode within a 5-hour monitoring period. If the
VM was unsuccessful in terminating the episode, patients selfadministered study drug (etripamil or placebo). Exploratory
efficacy endpoints included the number of SVT episodes (as
assessed by an independent adjudication committee) that were
successfully terminated (converted to sinus rhythm as assessed
by ECG) by a VM alone and were described via descriptive
statistics.
Results: Overall, 208 of 431 (48.3%) patients perceived an
episode of PSVT. In total, VMs were performed on 171
(97.7%) of 175 confirmed (positively adjudicated) PSVT
episodes. VMs by themselves terminated 10 of 171 (5.8%)
confirmed PSVT episodes. For the remaining symptomatic
PSVT episodes that persisted after VMs, 156 were treated with
study drug. The Kaplan-Meier estimate showed that 54% of
etripamil- and 35% of placebo-treated episodes terminated
within 30 minutes.
Conclusion: In this study, VMs alone were rarely successful in
terminating symptomatic sustained PSVT episodes. Patients
with recurrent PSVT episodes should be counseled regarding
the limited efficacy of VMs. There remains an unmet therapeutic
need for a safe and effective at-home therapy to reliably
terminate PSVT.
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PO-642-01
ESOPHAGO-PERICARDIAL FISTULA AS A RARE AND
LIFE-THREATENING COMPLICATION OF EPICARDIAL
VENTRICULAR TACHYCARDIA ABLATION
Justin Edward MD, MS; Shu Cheong Chang MD; Edward Gill MD;
Matthew M. Zipse MD; Michael A. Rosenberg MD;
Alexis Z. Tumolo MD; James Arthur Mann MD; Syed Rafay Ali
Sabzwari MBBS, MD; Lukasz Cerbin MD; Christopher Barrett;
Amneet Sandhu MD; Paul D. Varosy MD, FHRS; Jason West;
Lohit Garg MBBS, MD; Wendy S. Tzou MD, FHRS and
Ryan G. Aleong MD, FHRS
Background: Esophago-pericardial fistula is a rare but
potentially devastating complication of epicardial ventricular
tachycardia ablation. This case highlights the importance of
recognition of this potential risk, as well as timely treatment.
Objective: To highlight the potential rare complication of fistula
formation that can result from epicardial ventricular tachycardia
ablation.
Methods: N/A
Results: A 59-year-old man presented with 10 days of
pleuritic left chest discomfort two weeks following ablation
for ventricular tachycardia during which epicardial ablation
at the inferior basal left ventricle was performed without
acute procedural complication. His symptoms worsened
despite treatment with colchicine, and he subsequently
developed elevated white blood cell count (14.1 x 109/L)
and anuric renal failure (serum creatinine 3.4 mg/dL).
Echocardiogram revealed a moderate, circumferential
pericardial effusion with pneumopericardium (Figure A).
Chest CT showed pneumopericardium and evidence of
esophageal fistula (Figure B). On pericardiocentesis,
purulent fluid was drained. The patient underwent surgical
repair through a left thoracotomy approach and was found
to have a quarter-sized fistula connecting the esophagus
and the pericardium that was repaired using an intercostal
muscle flap. The patient recovered postoperatively and
passed a swallow evaluation without dysphagia over 12
months of follow up.
Conclusion: This case demonstrated a rare complication of
epicardial ventricular tachycardia ablation, which resulted in the
formation of an esophago-pericardial fistula. The epicardial
aspect of the basal-posterior left ventricle is in close proximity to
the esophagus, and this risk must be considered when ablation is
performed in this region. Monitoring of esophageal temperature
in such instances may help to reduce the risk of this rare
complication.
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PO-642-02
WIDE AND NARROW COMPLEX TACHYCARDIA AFTER
TRANSCATHETER AORTIC VALVE REPLACEMENT
Luke Chong MD; Matthew Kalscheur MD and
Daniel S. Modaff MD
Background: High grade AV block is a known complication after
transcatheter aortic valve replacement (TAVR). The incidence of
tachyarrhythmias following TAVR is not as well documented.
Objective: We performed an electrophysiology study (EPS) in a
patient with symptomatic tachycardia after TAVR.
Methods: N/A
Results: An 88-year-old man who recently underwent TAVR
presented with two days of palpitations. ECG revealed a widecomplex tachycardia which spontaneously converted. Later,
tachycardia recurred with ECG showing a narrow-complex
tachycardia that terminated with vagal maneuvers. The patient
continued to have frequent episodes of tachycardia during
admission. History was notable for occasional palpitations to a
far lesser extent over the last eight years. On EPS, a narrow
complex tachycardia was readily induced by atrial pacing with
extra-stimuli. Spontaneous oscillation between narrow and
wide complex with left bundle morphology and 1:1 AV
relationship were seen, with no change in cycle length.
Features indicating this tachycardia was consistent with AV
nodal re-entry tachycardia (AVNRT) included: septal VA time
, 70 ms with a concentric pattern of atrial activation;
ventricular overdrive pacing advancing the atrial electrogram
after the transition zone; VAHV response after cessation of
ventricular overdrive pacing. Ablation of the rightward inferior
extension of the slow pathway was performed. Following
ablation, no tachycardia was inducible. The patient was
discharged with an event monitor. He had no recurrent
symptoms, and no arrhythmias were detected on his monitor.
Conclusion: We postulate that the TAVR valve impingement on
AV nodal extensions provoked changes in slow and fast pathway
refractoriness resulting in incessant AVNRT.

PO-642-03
SILENT PROGRESSION OF CALCIFIC AORTIC STENOSIS
DETECTED BY ARTIFICIAL INTELLIGENCE
ELECTROCARDIOGRAM: A CASE REPORT
David Harmon MD; Awais Malik MD; Michal Shelly BSc;
Zachi Itzhak Attia MSEE, PhD; Jae K. Oh MD; Saki Ito MD;
Paul A. Friedman MD, FHRS and Rick A. Nishimura MD
Background: We have previously developed an algorithm to
detect moderate to severe aortic stenosis by application of
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artificial intelligence (AI) to a standard 12 lead ECG using a
convolutional neural network.
Objective: This exemplary case demonstrates the potential use
of the algorithm to identify aortic stenosis one decade before
clinical detection.
Methods: N/a
Results: Case Description: An 81-year-old man with a history of
hypertension and a long-standing heart murmur presented to the
hospital with one month of worsening dyspnea on exertion and a
recent syncopal event. He had been previously in satisfactory
health.
Physical exam demonstrated significant carotid upstroke delay, loud
(3/6) late-peaking systolic ejection murmur at the right upper sternal
boarder which extended into the second heart sound with radiation
to the carotid arteries. Lungs had rales at the bases bilaterally.
An ECG showed sinus tachycardia with a first-degree AV block,
left anterior fascicular block, lateral T-wave inversions with lateral
ST-depressions, meeting criteria for left ventricular hypertrophy
(Figure 1E). Compared to prior ECGs, worsening ST-T-wave
abnormalities and left ventricular hypertrophy were noted (Figure
1). Review of prior ECGs with the AI ECG algorithm for aortic
stenosis revealed an increased probability of clinically relevant
valve disease since 2010 with increasing likelihood of disease
each subsequent ECG (Figure 2).
Echocardiography identified critical, calcific aortic valve stenosis
with a mean systolic gradient of 78 mmHg and valve area of 0.56
cm2 with a left ventricular ejection fraction of 51% (Figure 2F). NTproBNP was 7086 pg/mL. Moderate coronary disease identified
on angiography. The patient underwent transcatheter aortic valve
replacement and PCI with good outcome.
Conclusion: This case demonstrates the potential of the AI ECG
to detect clinically relevant valve disease years before clinical
presentation. Though this patient had regular contact with the
healthcare system, his historical murmur did not trigger advanced
imaging. Though multiple ECGs were obtained over years, all
changes were assumed to be benign and minimal (Figure 1). Use of
the AI ECG algorithm may have expedited identification of this valve
disease nearly a decade prior to his critical presentation (Figure 2).
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PO-642-04
HALF-NORMAL SALINE IRRIGATION AS A METHOD FOR
PHRENIC NERVE DISPLACEMENT DURING EPICARDIAL
ABLATION OF VENTRICULAR TACHYCARDIA
Jeffrey Lin MD; Paul J. Wang MD, FHRS and
Duy Thai Nguyen MA, MD, FHRS
Background: Phrenic nerve displacement can be necessary
during epicardial catheter ablations. High impedance irrigants
can be used to direct radiofrequency (RF) energy toward
myocardium.
Objective: We present the novel use of half-normal saline (HNS)
within the pericardial space to displace the phrenic nerve during
ventricular tachycardia (VT) ablation.
Methods: N/A
Results: A 39 year-old male with non-ischemic
cardiomyopathy and idiopathic VT previously underwent an
endocardial VT ablation five years ago targeting the left
ventricular (LV) anterolateral papillary muscle, and again one
year ago targeting a similar VT felt to be from the anterolateral
LV. A cardiac MRI showed thinning and akinesis of the basal to
mid anterolateral, lateral, and inferolateral segments, with
delayed gadolinium enhancement. A mid-myocardial stripe
was present. LV ejection fraction was 35%. An implantable
cardioverter-defibrillator was implanted, after which he
experienced a shock for VT. He was started on sotalol and
referred to our institution for repeat ablation. Under general
anesthesia, anterior epicardial access and vascular access
were obtained. An endocardial LV voltage map showed no
scar. Epicardial voltage mapping showed anterolateral and
inferolateral scar. A dense cluster of late potentials (LPs) was
present within a deceleration zone identified by isochronal late
activation mapping. VT was induced , and the cluster of LPs
became mid-diastolic. Attempts to entrain were unsuccessful.
Substrate homogenization was performed. However,
additional LPs persisted directly under the course of the
phrenic nerve identified by pace mapping, and VT remained
inducible. HNS was infused to create a pericardial effusion and
displace the phrenic nerve; high output pacing was performed
until loss of phrenic nerve capture, at which point ablation was
performed to abolish the remaining LPs. The pericardial
effusion was drained and phrenic capture re-confirmed. VTwas
thereafter non-inducible on isoproterenol, and the patient has
remained arrhythmia-free.
Conclusion: Intrapericardial fluid infusion can be used to
displace the phrenic nerve. Low ionic irrigants can preferentially
direct RF to myocardium. To our knowledge, this is the first
reported case of HNS use for epicardial phrenic nerve
displacement.
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PO-642-05
TENSION HEMOTHORAX DUE TO APICAL LEAD
PERFORATION TWO YEARS AFTER IMPLANTATION
Roberto Ochoa Jimenez MD; Kirtipal Bhatia MD;
Zaw Win Tun MD; Flavio Rivera RCES; Amardeep Saluja MD,
FHRS and Ranjit Suri BS, MB, MBBS, MD, FHRS, CCDS
Background: Late myocardial perforation secondary to a
pacemaker lead is a rare, but potentially life-threatening
complication.
Objective: Report a case of tension hemothorax secondary to
lead perforation more than two years after implantation.
Methods: N/A
Results: A 76-year-old male with a prior surgical aortic valve
replacement, mitral clip and a pacemaker, placed over two years
ago, presented with acute onset left sided stabbing chest pain.
Vitals were stable with mild volume overload on exam. The
admission EKG showed atrial tachycardia with controlled
ventricular response. The chest x-ray and echocardiogram were
unrevealing. Two days later, he became hypoxemic. EKG
showed evidence of ventricular under sensing and intermittent
failure of ventricular capture. Interrogation of the device
confirmed ventricular lead malfunction with failure to capture at
high output. Repeat chest x-ray showed a new left pleural
effusion and the chest CT showed an expanding hemothorax
with lead perforation into the left pleural space. A few hours later,
the patient became hemodynamic unstable secondary to tension
hemothorax. In surgery, the right ventricular lead was found to
penetrate through the septum and apex into the left hemithorax
(Figure). Three liters of blood were evacuated from pleural space
and the ventricular apex and septum were repaired. The existing
leads were extracted with laser assistance and a new ventricular
and atrial lead were placed. Postoperative device interrogation
showed 100% ventricular pacing and normally functioning leads.
There were no postoperative complications and the patient was
discharged on fifth postoperative day.
Conclusion: We report a case of a very delayed ventricular
perforation and lead migration post pacemaker implantation.
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Background: Catheter ablations for atrial fibrillation (AF) are
conventionally performed with femoral venous access. In
patients with the femoral vein access issues, alternative
accesses can be considered.
Objective: We report a case of pulmonary vein isolation with
wide area circumferential ablation (WACA) and bilateral carinal
line ablation via transhepatic approach
Methods: N/A
Results: A 64-year-old woman with persistent AF for 8 years
presented to our institution after unsuccessful rhythm control
elsewhere with an inability to pass the catheter into the right
atrium from the inferior vena cava. A CT scan confirmed
congenital absence of the inferior vena cava with dilated azygous
veins (Fig 1A). A transhepatic approach for AF ablation was
offered. The hepatic vein was cannulated with contrast under
ultrasound and fluoroscopic guidance, passing a wire to the
superior vena cava. A significantly reshaped Baylis transseptal
needle was used through a SL1 long sheath for transeptal
puncture (Fig 1B) guided by intracardiac echocardiogram from
internal jugular vein access (Fig 1C). The coronary sinus catheter
was later placed through this access. The HD Grid catheter was
used for 3D mapping and later exchanged for a 4 mm Tacticath
bidirectional irrigated tip catheter, which was used for the WACA
and carinal ablation. Entrance and exit block for each pulmonary
vein was demonstrated. A 10-mm Amplatzer plug was placed
within the transhepatic access site tract using ultrasound and
fluoroscopic guidance (Fig 1D).
Conclusion: The hepatic veins are large enough to
accommodate the sheaths and catheters meant for a femoral
venous approach. In selected patients, the transhepatic
approach can be considered for ablation of AF.

PO-642-07
ATRIAL STANDSTILL: A RARE COMPLICATION OF
CORONARY VASOSPASM FOLLOWING SURGICAL
AORTIC VALVE REPLACEMENT
Mason Marcus MD; Ari J. Bennett MD; Thomas Koshy MD and
Nimesh Suman Patel MD

PO-642-06
A PULMONARY VEIN ISOLATION WITH WIDE AREA
CIRCUMFERENTIAL ABLATION AND BILATERAL CARINAL
LINE ABLATION VIA TRANSHEPATIC APPROACH
Pattara Rattanawong MD and Dan Sorajja MD, FHRS

Background: Atrial standstill is a phenomenon characterized by
the absence of both electrical and mechanical atrial activity,
resulting in complete lack of excitability. Identified causes include
drugs, electrolyte abnormalities, hypoxia, and myocardial
infarction.
Objective: This case reveals atrial standstill as a newly
described complication of coronary artery vasospasm after
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surgical aortic valve replacement (SAVR); it also illustrates novel
use of His bundle pacing in this setting.
Methods: N/A
Results: A 70-year-old man with dyspnea was found to have
severe aortic insufficiency with prolapse of the right coronary
cusp and no angiographic coronary artery disease (CAD). He
underwent SAVR with a #27 Edwards Inspiris bovine valve.
On post-op day one, he became hypotensive and was noted
to be in sinus arrest with a junctional escape and inferior ST
elevations requiring emergent transvenous pacing (Figure 1).
He was subsequently taken for dual chamber PPM
implantation, where fluoroscopy and a lack of atrial sensing or
capture confirmed atrial standstill. A nonselective His bundle
lead was implanted, with a capture threshold of 2.5V@1.0ms.
The patient remained hypotensive despite adequate pacing. A
transthoracic echocardiogram revealed a newly depressed
ejection fraction of 40%, a mildly dilated and moderately
hypokinetic RV, and otherwise normal valve function. CTA of
the pulmonary arteries showed no evidence of pulmonary
embolus. A Swan-Ganz catheter found a RAP of 18mmHg, a
PCWP of 21mmHg, a CI of 1.78 L/min/m2, an SVR of 1500
(dyn*s/cm5), and a mixed venous oxygen saturation of 40%.
He was started on inotropes and vasopressors. While EKG
showed a paced rhythm that did not meet sgarbossa criteria,
a high sensitivity cTnI .50,000 ng/L and inferior ST elevations
on initial ECG supported the decision to pursue left heart
catherization (LHC) despite recent catheterization having
ruled out CAD. LHC revealed a severe, diffuse spasm of the
entire right coronary system which improved with intracoronary nitroglycerin. The cardiogenic shock subsequently
resolved, and the patient was discharged home.
Conclusion: Atrial standstill is an unknown complication of
coronary vasospasm. His bundle pacing was successful in this
setting.
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PO-642-08
40 YEAR OUTCOME OF THE CORRIDOR SURGERY FOR
PAROXYSMAL ATRIAL FIBRILLATION
Melanie Roberta Zammit Burg; Abdullah Al-Shaheen;
Robert D. Anderson; Hanney Gonna; Praloy Chakraborty;
Sameer Kushwaha; Eugene Downar and Vijay S. Chauhan
Background: The corridor procedure was a surgical therapy for
paroxysmal atrial fibrillation (PAF) in the 1980s. It isolated the
fibrillating atria from a narrow corridor of right atrial tissue
connecting the sinus and atrioventricular nodes. This approach
was eventually superseded by MAZE surgery and catheter
ablation.
Objective: Long term outcomes of the now historical corridor are
rarely described. We present a case of complex atrial
arrhythmias 40 years post corridor.
Methods: N/A
Results: A 57 year old lady presented with atrial flutter and
regular ventricular activation. She had undergone corridor
surgery for atrial tachycardia 40 years ago. Electroanatomic
mapping in the right (RA) and left atrium (LA) demonstrated 3
simultaneous arrhythmias: (1) a regular atrial flutter (CL
290ms) in the RA outside the corridor, (2) AF in the LA outside
the corridor and along the septum within the corridor, and (3)
sinus rhythm within the corridor which was dissociated from
the AF/flutter and dissociated from ventricular activation.
There was extensive low-voltage (,0.5mV) in the high corridor
in the region of the sinus node. The atrial flutter demonstrated
focal, earliest activation along the low posterolateral RA.
Catheter ablation here only transiently disorganized it,
suggesting passive activation. Pulmonary vein isolation (PVI)
was also performed with the end point of entrance block. She
was electrically cardioverted to a low atrial rhythm with 1:1 AV
conduction. At 3 months followup, she has had no arrhythmia
recurrence.
Conclusion: Our patient presented with complex atrial
activation 40 years post corridor surgery. The dominant
arrhythmia appeared to be AF in the LA and corridor itself. A
more focal atrial flutter in the RA conducted regularly to the
ventricles. This implied conduction across much of the corridor,
but with sufficient block to organize the AF to flutter in the RA.
There was also extensive structural remodeling within the
corridor resulting in dissociated sinus activity during AF/flutter
and a low atrial escape rhythm following cardioversion. As such,
our PVI may not provide durable rhythm control and more
extensive substrate ablation along the corridor and atria may be
required. Understanding historical surgical treatments for AF is
essential to interpret arrhythmias that may present decades
later.
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wide physiologic range of AVDs/VVDs. This methodology
offers a noninvasive, practical, clinical approach for
mapping electrical dyssynchrony and optimizing CRT
programming.
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PO-643-01
ELECTRICAL DYSSYNCHRONY MAPPING IN CARDIAC
RESYNCHRONIZATION THERAPY
Alan J. Bank MD; Christopher Brown; Kevin Burns PhD and
Emanuel Espinoza
Background: There is no clinical method for measuring
electrical dyssynchrony over a wide range of atrial-ventricular
delays (AVD) and ventricular-ventricular delays (VVD) in cardiac
resynchronization therapy (CRT) patients.
Objective: To describe a new methodology, based on
wavefront fusion, for mapping electrical synchrony in
CRT.
Methods: The area between combinations of 9 anterior/9
posterior electrograms (area under curve; AUC) was
quantified and cardiac resynchronization index (CRI) was
defined as %change in AUC compared to native AUC. CRI
was measured in 20 ms steps over a wide range of atrial-RV
pace (A-RVp) and atrial-LV pace (A-LVp) intervals in 90
patients 3.463.7 years post-CRT to generate electrical
dyssynchrony maps (EDM). An optimal synchrony line (OSL)
depicted the combination of AVD/VVD producing the highest
CRIs.
Results: CRI at baseline programming was 54639%. Patients
with complete heart block (n520) had an OSL parallel to the
VV50 line with leftward shift showing LV preactivation (VVD)
needed for optimal resynchronization. Patients with intact AV
node conduction (n564) had an OSL parallel to the VV50 line
at short AVD (fusion of RVp and LVp wavefronts), upward
curving at intermediate AVD (triple fusion), and vertical at long
AVD (fusion of native and LVp wavefronts) except for the
patients with poor LV lead position (n56). On average, the LVp
wavefront was 38626 ms behind the RVp wavefront and
87624 ms behind the native wavefront.
Conclusion: We describe a new methodology of EDM for
quantifying and graphing electrical synchrony over a

PO-643-02
CARDIAC RESYNCHRONIZATION THERAPY
OPTIMIZATION IN NON-RESPONDERS USING
ELECTRICAL DYSSYNCHRONY MAPPING
Alan J. Bank MD; Christopher Brown; Kevin Burns;
Emanuel Espinoza and Matthew D. Olson MD
Background: Cardiac resynchronization therapy (CRT) nonresponse occurs in w30% of patients. There are no wellaccepted methods for optimizing CRT in non-responders.
Objective: To assess effects of CRT optimization using electrical
dyssychrony mapping (EDM) on left ventricular (LV) function in
CRT non-responders.
Methods: We studied 33 patients with underlying LBBB/
IVCD who had an EF ,45%, 3.5+/-3.4 years after CRT. The
area under the curves (AUC) between 9 anterior/9 posterior
electrograms was measured at multiple combinations of
atrial-ventricular and ventricular-ventricular delays (AVD,
VVD). Electrical dyssynchrony was quantified by cardiac
resynchronization index (CRI), calculated as % change in
AUC compared to native. EDM depicted CRI over the wide
range of settings tested. Patients were programmed to
highest CRI setting with echos read blinded pre-optimization
and w6 months post-optimization.
Results: EDM (Figure) of nonresponder with LBBB,
programmed simultaneous biventricular pacing at AVD 120
ms (CRI 47%) and optimized to LV-only pacing at AVD
110 ms (CRI 95%). EF improved from 21% to 28%. Table
shows significant improvements in systolic function,
LVESV, global and regional strain and interventricular
mechanical dyssynchrony (AVO - PVO) in the study
cohort.
Conclusion: CRT non-responders are 51% electrically
resynchronized at baseline and improve to 90% with CRI-guided
optimization. CRT optimization using a novel EDM technology
results in significant improvements in LVEF, LVESV, LV global
strain in multiple planes, anteroseptal/septal regional strain, and
interventricular mechanical dyssynchrony. This methodology
offers a non-invasive, practical clinical approach to treating CRT
nonresponders.
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PO-643-03
ENDOCARDIAL PACING, HIS BUNDLE PACING AND LEFT
BUNDLE BRANCH AREA PACING ACHIEVE SUPERIOR
LEFT VENTRICULAR ELECTRICAL RESYNCHRONIZATION
COMPARED TO CONVENTIONAL CARDIAC
RESYNCHRONIZATION THERAPY
Mark K. Elliott BA, MBBS; Marina Strocchi MSci;
Vishal Shahil Mehta MBBS; Nadeev Wijesuriya;
Baldeep Singh Sidhu BM; Jonathan M. Behar BMBS, BS, DPhil,
CCDS, CEPS-A; Martin J. Bishop PhD; Steven A. Niederer PhD
and Christopher A. Rinaldi MBBS, MD, FHRS
Background: Endocardial and conduction system pacing
are novel methods to deliver CRT and may improve
electrical resynchronization over conventional epicardial
CRT (CRT-epi). A direct comparison of electrical
resynchronization for all the methods of CRT delivery has
not yet been performed.
Objective: To compare LV electrical resynchronization during
CRT-epi, endocardial pacing (CRT-endo), His bundle pacing
(HBP) and left bundle branch area pacing (LBBAP) using
electrocardiographic imaging (ECGi).
Methods: 7 patients underwent a temporary CRT and ECGi
study. Reconstructed epicardial electrograms from ECGi were
used to calculate LV activation time (LVAT) and LV dyssynchrony
index (LVDI) [Fig 1A]. Relative changes from baseline were
compared using repeated measures ANOVA and post-hoc
Tukey’s tests.
Results: Mean patient age was 71 6 6.6 years and 57% were
male. 2 patients had ischemic heart disease, 1 patient had AF
and mean LV ejection fraction was 28.7 6 6.0%. Baseline rhythm
was LBBB (4 patients) or RV-pacing (3 patients) with mean QRS
duration 157 6 20 ms. Compared to CRT-epi, there were greater
reductions in LVAT during CRT-endo (-48.1 6 13.1% vs -23.6 6
11.3%; P50.009) and LBBAP (-44.3 6 12.6%; P50.025) and a
non-significant trend towards greater LVAT-reduction for HBP
(-40.9 6 13.0%; P50.088) [fig 1B]. There were greater
reductions in LVDI versus CRT-epi during CRT-endo (-61.0 6
15.5% vs -20.3 6 20.0%; P50.002), HBP (-47.4 6 17.7%;
P50.045) and LBBAP (-55.3 6 15.3%; P50.005) [fig 1C]. There
were no differences in LVAT or LVDI between CRT-endo, HBP or
LBBAP (P.0.05).
Conclusion: CRT-endo, HBP and LBBAP provide superior LV
electrical resynchronization compared to CRT-epi.
Performance was comparable between the novel CRT
techniques.

PO-643-04
MULTI-SITE PACING FOR CARDIAC RESYNCHRONIZATION
THERAPY: A SYSTEMATIC REVIEW AND META-ANALYSIS
OF RANDOMIZED CONTROLLED TRIALS
Mark K. Elliott BA, MBBS; Vishal Shahil Mehta MBBS;
Nadeev Wijesuriya; Justin Gould MBBS;
Jonathan M. Behar BMBS, BS, DPhil, CCDS, CEPS-A;
Steven A. Niederer PhD and Christopher A. Rinaldi MBBS, MD,
FHRS
Background: Multi-site pacing (MSP) may provide more rapid LV
activation by employing two LV leads during CRT. Randomized
studies of MSP have shown conflicting results.
Objective: To perform a systematic review and meta-analysis of
RCTs comparing MSP with conventional CRT.
Methods: A literature search was performed up to October 2021
using keywords “multi site pacing”, “triventricular pacing” and
“triple site pacing”. Exclusion criteria included observational
trials, studies with acute response metrics only, and those where
CRT was performed with 2 RV leads + 1 LV lead. 251 unique
records were identified, of which 5 met inclusion criteria. Metaanalysis was performed using the Stata 16 software package.
Heterogeneity was assessed by the I2 index and was considered
low, moderate, and high for I2 ,30%, 30-60% and .60%
respectively.
Results: There was no difference between MSP and
conventional biventricular CRT in LV end-systolic volumes at
follow-up (mean difference [MD] -1.76 ml, p50.80, I250.0%) [fig
1A]. Similarly there was no difference between groups in LV
ejection fraction (MD 1.58%, p50.50, I2572.2%) [fig 1B], or in the
proportion of patients in New York Heart Association Class III-IV
at follow-up (log odds [OR] ratio 0.21, p50.67, I2564.4%) [fig 1C].
Mortality rates were comparable between groups (log OR 0.14,
p50.71, I250.0%) [fig 1D].
Conclusion: This meta-analysis does not support the use of
MSP for CRT. However, sub-group analyses were not reported
for all studies, and it is possible that MSP may provide benefit in
specific patient cohorts.
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PO-643-05

PO-643-06

TECHNICAL FEASIBILITY OF SEPTAL LEFT VENTRICULAR
PACING VIA THE WISE-CRT SYSTEM: AN INITIAL
MULTI-CENTRE EXPERIENCE

EVALUATION OF ELECTROCARDIOGRAPHIC AND
INTRACARDIAC ELECTROGRAM CHARACTERISTICS FOR
RESPONSE TO HIS-PURKINJE CONDUCTION SYSTEM
PACING IN PATIENTS WITH LEFT BUNDLE BRANCH
BLOCK CORRECTED BY HIS BUNDLE PACING

Mark K. Elliott BA, MBBS; Nadeev Wijesuriya;
Vishal Shahil Mehta MBBS; Jonathan M. Behar BMBS, BS, DPhil,
CCDS, CEPS-A; Peggy Jacon; Steven A. Niederer PhD;
Jeffrey F. Alison MBBS; Olivier Piot MD; Paul R. Roberts MD;
John Paisey MD; PASCAL DEFAYE MD and
Christopher A. Rinaldi MBBS, MD, FHRS
Background: The WiSE-CRT system facilitates leadless
endocardial LV pacing (via ultrasound-based communication
between an electrode and submuscular transmitter) alongside
continuous RV pacing to achieve CRT. The electrode has
conventionally been placed on the lateral wall of the LV, however
placement on the LV septum may allow leadless stimulation of
the left bundle branch area.
Objective: To assess the technical feasibility of LV septal pacing
using the WiSE-CRT system.
Methods: The WiSE-CRT generator, transmitter and
endocardial electrode were implanted in either a single or twostage procedure. The electrode was implanted on the septum via
an inter-atrial trans-septal approach, with femoral venous
access, and a Medtronic Flexcath, Boston POLARSHEATH or
Acutus AcQGuide steerable sheath.
Results: 7 patients underwent septal electrode implant across
5 centres. Mean age was 65 617 years and 71% were male.
Mean LV ejection fraction was 31 67%, 43% were in AF and
86% had non-ischemic aetiology of heart failure. Baseline
ECG was LBBB in 43% of cases and RV-paced in 57%. Septal
implant was successful and biventricular pacing achieved in all
cases. In 4 cases, septal mapping was performed prior to
electrode implant to target the left bundle branch. There was 1
pericardial effusion treated with a pericardial drain without
further complication. QRS duration narrowed from 186 638
ms at baseline to 145 618 ms during biventricular pacing
(P50.008). Post-implant fluoroscopy and ECGs from an
example patient are shown in figure 1.
Conclusion: LV septal pacing via the WiSE-CRT system is
technically feasible. Further work is required to assess the
efficacy and safety of this procedure, and the optimal strategy to
achieve capture of the conduction system.

Weijian Huang MD, FHRS; Shengjie Wu and Rujie Zheng
Background: His-Purkinje conduction system pacing
(HPCSP) has been proved to improve clinical outcomes in
patients with left bundle branch block (LBBB) and heart failure.
However, some patients still remain non-responsive to
HPCSP.
Objective: We aimed to evaluate the effect of
electrocardiographic and intracardiac electrogram
characteristics for response to HPCSP in typical LBBB
correctable by HBP.
Methods: Consecutively enrolled patients with typical LBBB and
baseline LVEF 40% from January 2012 to June 2020 who were
correctable during HBP and implanted HPCSP. Baseline QRS
duration, paced QRS duration, DQRSd, H-QRSend and
DQRSend/H-QRSend were measured during the implantation. A
1-year absolute increase in LVEF15% identified
super-response to HPCSP.
Results: 123 patients were included in the study (mean age
68.2610.6 years; male 52.0%). Baseline characteristics of
patients with DLVEF15% (N593) and DLVEF,15% (N530)
were comparable except for larger DQRSend/H-QRSend
(0.4260.07 vs 0.3560.08 ms, p,0.001), smaller baseline
QRS duration (161.9615.5 vs 172.3617.4 ms, p50.002) and
paced QRS duration (100.9614.9 vs 110.5613.4 ms,
p50.002) in patients with DLVEF15%. Receiver-operating
characteristic curve analysis demonstrated that a cut-off value
of 0.39 for DQRSend/H-QRSend presented a sensitivity of
77% and specificity of 76% (AUC50.776) to predict superresponse to HPCSP. At multivariate analysis, larger
DQRSend/H-QRSend, smaller paced QRS duration and
baseline QRS duration remained predictors of super-response
after HPCSP.
Conclusion: HPCSP delivers favorable echocardiographic
response in typical LBBB correctable by HBP. DQRSend/HQRSend is a novel and important predictor of LVEF increase after
HPCSP.
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PO-643-08
QUADRIPOLAR LEFT VENTRICULAR LEADS AND
ELECTRICAL DYSSYNCHRONY IN HEART FAILURE
PATIENTS WITH CARDIAC RESYNCHRONIZATION
THERAPY
Christopher Brown BA; Brooke Braman BBmE;
Michelle Harbin PhD; Kevin Burns PhD and Alan J. Bank MD

PO-643-07
DETERMINATION OF SENSED AND PACED ATRIALVENTRICULAR DELAYS IN CARDIAC
RESYNCHRONIZATION THERAPY PATIENTS USING
ELECTRICAL DYSSYNCHRONY MAPPING
Christopher Brown BA; Kevin Burns PhD; Emanuel Espinoza BS
and Alan J. Bank MD
Background: We hypothesized that electrical resynchronization
occurs via wavefront fusion and, if so, then the time delay
between atrial-sensed (As)-right ventricular (RV) sensed
(AsRVs) and atrial-paced (Ap)-RV sensed (ApRVs) intervals
should be identical to the time delay between optimally
electrically-synchronized atrial-ventricular delays (AVD) during
LV-only pacing (LVp)
Objective: To determine electrically optimal sensed AVD (SAVD)
and paced AVD (PAVD) in CRT patients using the novel cardiac
resynchronization index (CRI) metric, and compare the time
difference in SAVD/PAVD to the difference in AsRVs/ApRVs
intervals.
Methods: CRT patients (n540) with LBBB/IVCD were
studied. AsRVs/ApRVs intervals were calculated from
intracardiac electrograms (iEGM). Electrical dyssynchrony
was measured using a multi-lead ECG system to quantify
CRI during LVp. CRI was calculated as % change
(compared to native) in area under the curve of multiple
paired anterior/posterior electrograms.
Results: Peak CRI was 9365% at SAVD of 109629 ms and
9265% at PAVD 170640 ms. Mean AsRVs and ApRVs intervals
were 181631 ms and 242642, respectively. Figure 1 shows CRI
during As/Ap+LVp at different AVDs. The 68 ms difference
between AsRVs and ApRVs by iEGM was identical to the
difference in CRI-optimized AVD during As and Ap. Figure 2
shows strong linear correlation (slope 0.98, y-intercept 0.63)
between AsRVs/ApRVs time difference and CRI-determined
electrically-optimal SAVD/PAVD time difference (r50.979,
p,0.001).
Conclusion: The AsRVs/ApRVs time difference is nearly
identical to the CRI-determined optimal SAVD/PAVD time
difference. This strongly supports the concept of wavefront
fusion of native and LV-paced wavefronts during LVp.

Background: Quadripolar left ventricular (LV) leads in cardiac
resynchronization therapy (CRT) provide different electrical
resynchronization.
Objective: To quantify electrical resynchronization when pacing
from different quadripolar LV cathodes.
Methods: Electrocardiographic data from a 53 lead body surface
mapping system in 62 CRT patients with quadripolar LV leads
was used to compare cardiac resynchronization index (CRI), a
novel metric quantifying electrical resynchronization, between
pacing cathodes under otherwise identical pacing conditions.
CRI was calculated as the % change in area under multiple
combinations of anterior and posterior electrograms as
compared to native.
Results: CRI changed in dose dependent manner with
ventricular-ventricular delay (VVD) changes and varied
across cathodes (Figure). Mean absolute difference in CRI
of 14.3610.7% (p,0.001) was found when pacing
biventricular or LV-only at the same settings but from
different LV pacing cathodes. LV cathodes had optimal VVD
that differed by 15.0618.5 ms for sequential biventricular
pacing settings at the same atrial-ventricular delay.
Following VVD optimization, the difference in maximal
achievable CRI between LV pacing cathodes was
10.7612.0%. The spacing between LV pacing cathodes
was directly related to the absolute difference in CRI when
pacing at identical settings from 2 different cathodes. No
universally superior cathode position was identified.
Conclusion: Electrical synchrony, as measured by CRI, varies
greatly with LV pacing cathode. Patient-specific LV pacing
vector optimization using CRI in patients with quadripolar leads
may be a strategy to improve electrical resynchronization with
CRT.

