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BS-400-26
HIGH-RESOLUTION STRUCTURE-FUNCTION MAPPING OF
INTACT HEARTS REVEALS ALTERED SYMPATHETIC
CONTROL OF INFARCT BORDER ZONES
Ching Zhu; Pradeep S. Rajendran; Peter Hanna; Guy Salama;
Igor R. Efimov and Kalyanam Shivkumar
Background: Intramyocardial sympathetic nerve remodeling
after myocardial infarction (MI) contributes to adverse outcomes
such as sudden arrhythmic death, yet the underlying structural
mechanisms are poorly understood. This is partly due to
challenges in directly correlating high-resolution structural and
electrical data from the same heart.
Objective: We sought to examine microstructural changes on
the intact post-MI heart and to directly link these changes with
electrical dysfunction.
Methods: We developed a high-resolution pipeline for
anatomically precise alignment of electrical maps with structural
myofiber and nerve-fiber maps created by customized computer
vision algorithms.
Results: Using this integrative approach in a mouse model, we
identified distinct structure-function correlates to objectively
delineate the infarct border zone, a known source of post-MI
arrhythmias. During tyramine-induced sympathetic nerve
activation, we demonstrated regional patterns of altered electrical
conduction aligned directly with altered neuroeffector junction

distribution, pointing to potential neural substrates for cardiac
arrhythmia.
Conclusion: This study establishes a synergistic framework for
examining structure-function relationships after MI with
microscopic precision, which has potential to advance
understanding of arrhythmogenic mechanisms.

BS-400-49
THE EFFECT OF CHRONIC NICOTINE EXPOSURE ON
CARDIAC ELECTROPHYSIOLOGY IN THE RABBIT HEART
Amanda Marie Guevara; Jessica Caldwell; Srinivas Tapa;
Lena Ngo; I-Ju (Eric) Lee; Zhen Wang; Lianguo Wang and
Crystal M. Ripplinger
Background: Tobacco smoke exposure is associated with
increased risk for atrial and ventricular arrhythmias. However, the
individual components of tobacco smoke that may promote
arrhythmias and the underlying electrophysiological mechanisms
are unknown. Nicotine (NIC) is a major component of tobacco
smoke and emerging tobacco products, including e-cigarettes.
Objective: To determine the effects of chronic NIC exposure on
autonomic and electrophysiological remodeling in the rabbit heart.
Methods: Male and female rabbits were exposed to NIC (21mg/
day, transdermal patch, 28 days, n57) or control (CT, n54). Fully
innervated hearts were optically mapped using voltage- (RH237)
and calcium-sensitive (Rhod2-AM) indicators. Sympathetic
nerve stimulation (SNS) was performed with electrical stimulation
at the first thoracic vertebrae (7 V) and frequency was increased
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by 0.5 Hz until a 15% increase in heart rate (HR) was achieved. Badrenergic (B-AR) responsiveness was evaluated with
norepinephrine (500nM, NE). Sympathetic nerve density was
assessed by immunostaining for tyrosine hydroxylase (TH).
Results: TH+ fiber density was reduced in NIC vs. CT
(7.5660.91% vs. 10.1862.45%, p,0.05). SNS stimulation
thresholds tended to be higher in NIC vs. CT (6.2565.54 Hz vs.
1.1660.56 Hz, p5NS). Ca2+ alternans tended to occur at slower
pacing cycle lengths in NIC vs. CT both at baseline and during
SNS (232.0616.43 ms vs. 202.5633.04 ms with SNS, p50.1).
APD alternans thresholds also occurred at slower pacing cycle
lengths for NIC vs. CT, especially with SNS (224.0625.10 ms vs.
190.0620.0 ms, p50.06). NIC-exposed hearts also tended to
have reduced B-AR responsiveness compared to CT
(33.4636.7% vs. 83.2651.2% increase in HR with NE, p50.12).
Conclusion: These results suggest that chronic NIC exposure
may lead to a reduction in sympathetic nerve density and activity,
reduced B-AR sensitivity, and potentially increased susceptibility
to cardiac alternans. Findings from this study may have
significant implications for young adults who represent the fastest
growing group of nicotine users and the cardiac effects of nicotine
on this potentially vulnerable population is unknown.
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a significant decrease in parasympathetic and sympathetic fibers
in the atrial myocardium.
Conclusion: Targeted inhibition of atrial autonomic remodeling
by NGF shRNA prevents development of persistent AF. Future
optimization of this approach may lead to a novel, mechanismguided therapy for AF.

BS-400-37
TARGETED ATRIAL EXPRESSION OF NGF SHRNA
ATTENUATES NEW PARASYMPATHETIC AND
SYMPATHETIC NERVE SPROUTING AND RESULTING
DEVELOPMENT OF PERSISTENT ATRIAL FIBRILLATION IN
A CANINE MODEL - A NOVEL GENE THERAPY APPROACH
TO ATRIAL FIBRILLATION

BS-400-42
HIGH-THROUGHPUT SCREENING TO IDENTIFY DRUGS
THAT CAN TREAT LONG QT SYNDROME CAUSED BY
TRAFFICKING-DEFICIENT KV11.1 (HERG) VARIANTS

Anna Pfenniger; Shin Yoo; David Johnson; Markus Rottmann;
Rod S. Passman; Bradley P. Knight and Rishi Arora

Christian Egly; Brian P. Delisle; David C. Weaver and
Bjorn C. Knollmann

Background: The autonomic nervous system plays an important
role in development of atrial fibrillation (AF). We previously
showed marked autonomic remodeling in a canine rapid atrial
pacing (RAP) model of persistent AF. Nerve growth factor (NGF),
a neurotrophin essential for the growth and survival of peripheral
neurons, was upregulated in fibrillating atria. However, the role of
NGF in the development of autonomic remodeling in AF remains
to be demonstrated.
Objective: To prevent autonomic remodeling and development
of persistent AF in a canine RAP model of AF.
Methods: NGF shRNA was injected in the atria of 8 dogs
followed by electroporation to facilitate atrial gene delivery. The
animals were then subjected to RAP for up to 12 weeks. Time to
AF onset was determined. At the terminal EP study, episodes of
AF were recorded with high-density mapping in the posterior left
atrium (PLA), left atrial free wall (LAFW) and left atrial appendage
(LAA) for offline analysis of AF characteristics. Tissue of each
atrial region was harvested and used for immunohistochemistry
with markers for parasympathetic (acetylcholinesterase, brown)
or sympathetic nerves (dopamine beta-hydroxylase, blue).
Results: After initiation of RAP, control animals developed
persistent atrial fibrillation (.8 hours) after a median of 14 days.
In contrast, NGF shRNA animals never developed this burden of
AF over the duration of the study. Residual AF recorded at time of
terminal EP study was slower (lower dominant frequency; PLA:
10.560.8Hz Vs 11.060.7Hz; LAFW: 9.760.8Hz Vs 10.460.7Hz;
LAA: 8.860.5Hz Vs 9.960.5Hz; two-way ANOVA p,0.001), less
fractionated (longer fractionation interval; PLA: 80.468.1ms Vs
68.165.2ms; LAFW: 79.369.3ms Vs 70.963.1ms; LAA:
87.967.8ms Vs 80.362.0ms; two-way ANOVA p,0.001) and
more organized (higher organization index and lower Shannon’s
entropy). Tissue analysis showed that RAP induced hypertrophy
of nerve bundles was significantly attenuated in dogs receiving
NGF shRNA. This decrease in bundle size was accompanied by

Background: The potassium channel KV11.1 plays an important
role in repolarization of cardiac action potentials and loss-offunction (LOF) KV11.1 variants cause Long QT Syndrome which
predisposes individuals to fatal cardiac arrhythmias. About 90%
of LOF mutations prevent KV11.1 intracellular transport
(trafficking) to the plasma membrane and prolonged incubation
with drugs can sometimes increase KV11.1 trafficking and restore
KV11.1 current (IKr).
Objective: Develop an optimized thallium (Tl+)-flux assay to
screen a library of clinically approved drugs for increased
trafficking of two KV11.1 potassium channel variants.
Methods: We developed a novel Tl+-based fluorescent assay
and HEK-293 cells expressing KV11.1 trafficking-deficient
variants (KV11.1-G601S-G965*X and KV11.1-N470D) to screen
1900 drugs (three replicates each) for increased KV11.1
trafficking. HEK-293 cells were plated on 384-well, clear
bottomed plates with 10 mM drug in individual wells 24-hours
before experiments. On the day of experiments, drug was
washed out, loaded with thallium-sensitive dye, and imaged
using a 384-well fluorescent plate reader. Drug hits were
detected using the slope of fluorescence in the assay and
calculating the median and median absolute deviation (MAD).
Results: The screen detected a total of 80 drugs (average .3
MADs) that increased KV11.1 trafficking in both variants. Most
drugs that increase KV11.1 trafficking inhibit the channel acutely,
so we next screened acute and 24-hour drug effects on KV11.1WT channel and eliminated drugs that block the channel.
Concentration response curves (1 nM to 25 mM) were generated
from 40 drugs that had ,20% acute block at 10 mM, a tolerable
side effect profile and increased trafficking of KV11.1. Seven drugs
increase KV11.1 trafficking at clinically relevant concentrations.
Conclusion: We discovered clinically available drugs that could
be readily tested as treatment for patients with Long QT
Syndrome caused by trafficking deficient KV11.1 variants.
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BS-400-10
MIR-144 KNOCKOUT LEADS TO INCREASED
ARRHYTHMOGENICITY ASSOCIATED WITH IMPAIRED
ATRIAL CALCIUM-HANDLING
Philipp Tomsits; Lina-Sophie Volz; Dominik Schu€ ttler;
Aparna Sharma S. Chivukula; Funsho Emmanuel E. Fakuade;
Li Mo; Niels Voigt and Sebastian Clauss
Background: Atrial fibrillation (AF) is the most common cardiac
arrhythmia. Pathophysiology is still incompletely understood and
consequently current AF therapeutics often lack efficacy.
MicroRNAs are involved in various AF remodeling processes. In
a screening study, we identified miR-144 to be significantly
downregulated in AF patients.
Objective: To investigate the effects of in vivo knockout (KO) of
miR-144 on atrial electrophysiology and arrhythmogenesis.
Methods: C57BL/6 wildtype, heterozygous or homozygous miR144-KO mice were phenotyped by ECG, echocardiography,
electrophysiological (EP) study, and cellular EP study. MiR-144
target genes were identified in silico, validated in vitro by
luciferase assay and subsequently measured by qPCR from
atrial tissue samples.
Results: miR-144 KO leads to left atrial enlargement ( 1.72 mm
wt vs. 1.94 mm ko/ko, ****p ,0.0001) and increased atrial
susceptibility to tachyarrhythmia (2.79 % wt vs. 5.79 % ko/ko,
*p50.015) without affecting baseline parameters such as animal
weight, heart mass, ECG parameters or left ventricular function.
On a cellular level this is accompanied by decreased ICaLtriggered atrial calcium transient amplitudes (218.7 nM wt vs.
157.1 nM ko/ko, *p50.014), a reduced atrial sarcoplasmatic
reticulum (SR) calcium load (511.9 nM wt vs. 408.0 nM ko/ko,
*p50.038) and impaired function of atrial sarco/endoplasmic
reticulum calcium ATPase (SERCA) (9.74 s-1 wt vs. 7.38 s-1 ko/
ko, *p50.024). Luciferase assay validated NOS1AP as miR-144
target (1.00 control vs 0.81 miR-144, **p50.004) and tissue
qPCR showed significant NOAS1AP upregulation in atrial
tissues of KO-mice (right atrium 1.00 wt vs. 3.24 ko/ko,
**p50.0024; left atrium 1.00 wt vs. 2.86 ko/ko, ***p50.0002).
Conclusion: Our study uncovered that miR-144 KO leads to
increased atrial arrythmogenicity in mice. This effect is
accompanied by reduced calcium transient amplitudes, a
reduced SR calcium load and impaired SERCA function.
Remodeling processes involve NOS1AP upregulation which
might directly link miR-144 KO to SERCA impairment via NOS1
dependent SERCA S-nitrosylation through NOS1AP
upregulation. Additional studies are warranted to further
investigate this signaling cascade and to determine whether this
mechanism can be subject to pharmacological intervention.

BS-400-48
A HIDDEN STRATIFICATION PROBLEM IN NEURAL ECG
ANALYSIS
Praneeth Sadda and Uzodinma Emerenini
Background: Research has shown “hidden stratification” in
several deep learning algorithms for medical diagnostics. This is a
phenomenon where an algorithm meets or exceeds the diagnostic
accuracy of a physician, but does so in a bimodal manner; it
outperforms physicians on the most common pathologies by a
small margin, but also underperforms physicians on less common
pathologies by a wide margin, thus limiting its readiness for
real-world clinical use. Such hidden stratification issues have been
found in neural network algorithms for hip fracture and pneumonia
detection in plain film x-rays. To the best of our knowledge, no work
has yet assessed whether hidden stratification exists in neural
network analysis of ECGs.
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Objective: To determine if a typical neural network algorithm for
arrhythmia detection in ECG recognizes some rhythms with a
significantly lower accuracy than others.
Methods: A neural net following the design described by
Hannoun et al. (Cardiologist-level arrhythmia detection and
classification in ambulatory electrocardiograms using a deep
neural network, Nature Medicine, 2019) was trained to identify
arrhythmias in ECGs. PTB-XL, a large, publicly available dataset
of twelve-lead ECGs, was divided into training and testing sets of
13,224 and 2,088 ECGs, respectively; the network was trained
on the training set and evaluated on the testing set.
Results: The network identified ECG rhythms with an overall
accuracy of 89.37% (AUC 0.92). It was best able to differentiate
normal sinus rhythm (NSR) from atrial flutter (AUC 1.00); NSR from
sinus tachycardia (AUC 0.99); and sinus tachycardia from atrial
fibrillation (AUC 0.99). It was least able to differentiate
supraventricular tachycardia (SVT) from atrial fibrillation (AUC
0.60); SVT from atrial flutter (AUC 0.75); and atrial fibrillation from
atrial flutter (AUC 0.78).
Conclusion: We evaluated a highly cited neural net model for
ECG analysis and found that it is effective at distinguishing
arrhythmias from sinus rhythm, but often poor at distinguishing
one arrhythmia from another. This includes scenarios that can
affect treatment decisions, such as distinguishing atrial fibrillation
from atrial flutter. These results suggest that reports that neural
nets have “cardiologist level” capability to diagnose arrhythmias
from ECG may be premature.

BS-400-08
HETEROGENOUS CAMP SIGNALING IN THE INTACT
HEART IS SEX DEPENDENT
Jessica Caldwell; I-Ju (Eric) Lee; Lianguo Wang; Lianguo Wang
and Crystal M. Ripplinger
Background: cAMP is key for transducing autonomic signals
into downstream electrophysiological responses. Previous
studies have shown intracellular heterogeneity and
compartmentalization of cAMP signaling. Yet, if cAMP signaling
occurs heterogeneously throughout the intact heart, and how this
translates into functional responses, has not been explored.
Objective: To determine the spatiotemporal kinetics of cAMP
signaling in the intact heart and the underlying mechanisms
responsible.
Methods: Male and female cardiac-specific CAMPER reporter
mice that report cAMP binding by changes in FRET were used at
12 weeks. Hearts were excised and Langendorff-perfused for
simultaneous cAMP and Vm imaging on a novel integrated whole
heart optical imaging system. Following perfusion, tissue
samples from base and apex were assessed for
phosphodiesterase (PDE) activity.
Results: In male hearts, cAMP was uniformly activated in
response to b-AR stimulation with bolus norepinephrine (NE, 1.5
mM). Conversely, in female hearts NE led to a greater change in
cAMP activity in basal regions vs. the apex (n57, p,0.05).
Moreover, cAMP deactivation was slower in the base vs. apex, in
female (n56, p,0.01) but not male hearts (n56). Apex-base
differences were also evident following PDE inhibition with IBMX
(100 mM), with a greater change in cAMP activity in the apex vs.
base in both female (n57, p,0.001) and male hearts (n55,
p,0.05). Likewise, PDE activity assays showed higher total PDE
activity in apical regions (n510, p,0.01), with more apical PDE
activity in female vs. male hearts (n55, p,0.05). In female hearts,
faster apical cAMP deactivation following bolus NE was
associated with a significant difference in action potential duration
(APD80) between apex and base (n53, p,0.05), but APD80 was
not significantly different between regions in male hearts.
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Conclusion: Using novel whole heart imaging, we have shown
female hearts display lower maximal cAMP activity and faster
deactivation in the apex, in part, due to elevated PDE activity in
this region. This heterogeneity was not observed in male hearts.
These findings may have important implications for
electrophysiological responses regulated by the cAMP pathway,
particularly in heart failure, where PDE activity is altered.

BS-400-21
MULTIPOLAR ELECTROGRAMS: A NOVEL ALGORITHM
FOR ACCURATE ANNOTATION OF NEAR-FIELD
POTENTIALS IN SCAR

BS-400-05

Arwa Younis; Jonathan Yarnitsky; Haim Rodriguez; Zach Bubar;
Israel Zilberman and Elad Anter

EPICARDIAL ADIPOSE TISSUE-RESIDENT MEMORY T
CELLS: A NOVEL INFLAMMATORY SIGNATURE IN ATRIAL
FIBRILLATION

Background: Electrogram annotation in scar is challenging due
to the presence of multicomponent potentials containing near
and far field activities. While bipolar electrograms eliminate the
mutual far field component enclosed between two closely spaced
electrodes, a large far field component often remains. This may
result in inconsistent voltage and time measurements.
Multielectrode catheters provides an opportunity to improve farfield rejection by reducing the common components across
multiple unipolar electrograms.
Objective: To determine the effect of multiple unipolar signals
decomposition method in the ability to reduce the far field
component from the unipolar signal.
Methods: In 6 swine with chronic infarction, the left ventricle was
mapped using Carto 3Ò and multielectrode array catheter
(OptrellTM, Biosense Webster). A novel algorithm utilizing Principal
Component Analysis was used to estimate the common
components of each unipolar signal with its neighboring electrodes,
weighted with inverse proportion to their distance. The mutual
component was subtracted from each unipolar signal for creating a
multipolar electrogram as in Figure 1. The utility of multipolar
electrograms in removing far-field activity from complex signals
was compared with traditional bipolar electrograms and reported
as median voltage amplitude with 25-75 interquartile range.
Results: In infarct border zones with complex multicomponent
signals (n576), multipolar electrograms produced a significantly
lower far field signal amplitude in comparison to standard bipolar
electrograms (0.45mV [IQR 0.3-0.9] vs 1.8mV [1.1-2.4],
respectively P,0.001). Figure 1 shows an example of a complex
multipotential signal recorded at infarct border zone as it
represented by unipolar, bipolar and multipolar electrograms.
Multipolar electrograms produced higher amplitude near field
signals (2.9mV [IQR 2.2-3.6] vs 1.0 [0.6-1.8mV], respectively
P,0.01) as shown in Figure 2.
Conclusion: Multipolar electrograms produced by reduction of
common components across multiple unipolar electrograms
reduce far field potentials significantly greater than bipolar
electrograms. This novel method may be particularly helpful for
mapping complex substrates including scar.

Vishal S. Vyas and Malcolm C. Finlay and M Paula Longhi Group
Background: A wealth of imaging data has established
increased epicardial adipose tissue (EAT) volume as an
independent risk factor for all forms of AF. However, the immune
profile of EAT driving this increased AF risk remains ill-defined.
Currently, human tissue studies are sparse with patients typically
poorly matched for baseline clinical characteristics.
Objective: This study sought to define the immunological
signature of EAT in a propensity-matched cohort of cardiac
surgical patients with a prior history of AF and those in sinus
rhythm.
Methods: Adult patients with an established history of AF and
those with no prior history of AF undergoing cardiac surgery were
recruited to undergo EAT sampling. Patients were propensitymatched to ensure baseline clinical variables were similar across
the groups. The tissue samples were immediately taken to the
laboratory for immune cell isolation, flow cytometry, real-time
polymerase chain reaction (rt-PCR) analysis alongside T
lymphocyte cell stimulation assays.
Results: A cohort of 44 propensity-matched patients was
identified. T lymphocytes were the predominant immune cell type
and T cell subset analysis revealed a highly significant increase
(p,0.005) in both EAT-resident CD4+ and CD8+ memory T cell
populations in AF patients. T cell stimulation assays
demonstrated a highly significant correlation with the proportion
of tissue-resident memory (TRM) CD4+ T cells in EAT and the
pro-inflammatory cytokines interferon-g (p50.0072) and
interleukin-17 (p50.0042). In contrast, similar absolute numbers
of other immune cell types in the EATwere observed between the
two groups while whole tissue rt-PCR analysis demonstrated
similar immune mediator expression levels between the groups.
Conclusion: AF carries a unique EAT-resident T cell signature
which correlates with the production of the pro-inflammatory
cytokines interferon-g and interleukin-17. Targeting this
population may unlock a novel angle in the management of the
inflammatory and fibrotic components of AF genesis.
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BS-400-04

BS-400-31

BIOCHEMICAL EFFECTS OF CATHETER-FREE
VENTRICULAR ABLATION WITH PROTON BEAM
ABLATION THERAPY IN NORMAL SWINE HEART

ASSOCIATION BETWEEN SLEEP APNEA, ATRIAL
FIBRILLATION AND INCIDENT STROKE IN A VERY LARGE
POPULATION OF YOUNG INDIVIDUALS

Tatsuhiko Hirao; Kimitake Imamura; Atsushi Suzuki;
Amanda J. Deisher; Maryam Rettmann; JANNIS DICKOW;
Omar Ziad Yasin; Gurukripa N. Kowlgi and
Douglas L. Packer

Sunil K. Vasireddi; Brototo Deb; Prasanth Ganesan; Ruibin Feng;
Albert Joseph Rogers; Tina Baykaner; Neal Kumar Bhatia;
Paul Clopton and Sanjiv M. Narayan

Background: Proton beam therapy has emerged as a promising
tool for catheter-free arrhythmia ablation. We previously reported
that proton beam lesions become visible in late gadolinium MRI
(LGE-MRI) approximately 8 weeks after irradiation. Ablation
lesions are also visible in histology; however, the time course of
the biochemical changes in these lesions is not yet fully
understood.
Objective: The purpose of this study was to evaluate the
biochemical changes in proton beam ablation lesions 1-40 weeks
following proton-beam ablation.
Methods: Thirty domestic pigs were radiated with pencil-beam
scanned proton therapy using irradiation doses of 30/40Gy to LV
targets. At time points from 1 to 40 weeks post-ablation,
histological analysis and western blots using fresh tissue
samples harvested from the lesion and from outside the
treatment zone were performed to assess apoptosis (active
caspase-3).
Results: Lesions were observed in LGE-MRI approximately 8
weeks following ablation. In histology, no lesions were
detected 1,2, or 4 weeks after irradiation, but at 8 weeks,
myocytolysis and early collagen deposition were observed.
Active caspase-3 was observed in LV myocardium
1,2,4,8,12, and 16 weeks after irradiation. The strongest
active caspase-3 signal was observed in the lesion 8 weeks
post-irradiation. There was no signal for active caspase-3 in
the tissue outside the target zone.
Conclusion: Proton beam ablation creates transmural LV
lesions which are visible in LGE-MRI and histology.
Apoptosis of the ventricular myocardium after proton beam
radiation sharply reached its peak 8 weeks after irradiation
and continued with a gradual decrease until 16 weeks and
disappeared after 20 weeks. The apoptosis effect was
confirmed in histology.

Background: Sleep apnea (SA) worsens outcomes in patients
with atrial fibrillation/flutter (AF), and both are common in young
patients (20-50 years). However, it is unreported what proportion
of young patients with SA have or will develop AF or stroke.
Objective: To define the relationships between AF, SA and
stroke in a population .1MM, focused on the young (20-50 Y).
Methods: We probed the Stanford Research Repository of
electronic health data since 2008, for diagnoses of stroke, AF and
SA using relevant codes (stroke: G45.X, G46.X, 434.X; AF:
I48.X; SA: G47.X, 327.27).
Results: We identified 1660860 patients aged 20-50Y, of whom
29930 had SA, 4025 had AF, and 2985 had stroke (Fig A). AF
was more common in patients with SA than without (odds ratio,
OR: 16.6 [15.4-17.9, p,0.0001]). AF was diagnosed prior to SA
in 90% of patients. However, patients with SA were more likely to
develop AF than patients without SA (OR: 4.54 [3.97-5.02,
p,0.0001]), and were more likely to have a stroke with AF than
without AF (OR: 6.9 [5.3-8.9], p,0.0001). Among all patients in
the population with AF, stroke was more common in patients
with than without SA (OR 1.89 [1.32-2.71,p50.004]) (Fig B).
Notably, among all patients without AF, incident stroke was
significantly more common in patients with SA than those
without (OR 7.74 [6.90-8. 68 p,0.0001]), of which 67% of
strokes occurred ,1 year from the diagnosis of SA (Fig B) .
Among these patients with SA and incident stroke, oral
anticoagulation was more common in patients with a diagnosis
of AF than without (60% vs 19%).
Conclusion: We uncover a novel, strong association between
sleep apnea, AF, and incident stroke in a population of .1.6
million young individuals. This may have implications for
monitoring and anticoagulation therapy.

BS-400-40
SUPPRESSION AND REPLACEMENT GENE THERAPY FOR
KCNH2-MEDIATED ARRHYTHMIAS
Sahej Bains; Wei Zhou; Steven Michael Dotzler;
Katherine Martinez; Changsung John Kim; David Tester and
Michael John Ackerman

Cardiac EP Society Young Investigator Award Competition
Background: KCNH2-mediated arrhythmias are caused by
either loss-of-function (type 2 long QT syndrome, LQT2) or gainof-function (type 1 short QT syndrome, SQT1) pathogenic
variants in the KCNH2-encoded Kv11.1 potassium channel
which is essential for the rapid delayed rectifier current (IKr) that
contributes to the cardiac action potential (AP). No current
therapies target the molecular cause of either LQT2 or SQT1.
Objective: To rescue the pathologic phenotype in cell models of
LQT2 and SQT1 using our novel gene therapy.
Methods: A dual-component “suppression-and-replacement”
(SupRep) KCNH2 gene therapy was created by cloning into a
single construct a custom-designed KCNH2 shRNA that
produces w80% knockdown (suppression) and a “shRNAimmune” (shIMM) KCNH2 cDNA (replacement). Patient-derived
induced pluripotent stem cell-derived cardiomyocytes (iPSCCMs) and their CRISPR-Cas9 variant-corrected isogenic control
(IC) iPSC-CMs were made for 3 LQT2- (G604S, G628S, N633S)
and 1 SQT1- (N588K) causative variants. All 4 variant lines were
treated with KCNH2-SupRep or non-targeting control shRNA
(sham). FluoVolt voltage dye was used to measure the APD at
90% repolarization (APD90).
Results: KCNH2-SupRep achieved mutation-independent
rescue of the pathologic phenotype in both LQT2 and SQT1. For
LQT2-causative variants, treatment with KCNH2-SupRep
resulted in shortening of the pathologically prolonged APD90 to
near curative (IC-like) APD90 levels (G604S IC, 471625ms;
G628S IC, 429616ms; N633S IC, 405655ms) compared to
treatment with sham (G604S: SupRep-treated, 452676ms vs.
sham-treated, 550641ms, p,0.0001; G628S: SupRep-treated,
491638ms vs. sham-treated, 674620ms, p,0.0001; N633S:
SupRep-treated, 3996105ms vs. sham-treated, 577639ms,
p,0.0001). Conversely, for the SQT1-causative N588K,
treatment with KCNH2-SupRep resulted in therapeutic
prolongation of the pathologically shortened APD90 (IC:
429616ms; SupRep-treated: 396661ms; sham-treated:
274612ms).
Conclusion: We provide the first proof-of-principle gene therapy
for correction of both LQT2 and SQT1. Akin to our sentinel
discovery of SupRep gene therapy for LQT1, KCNH2-SupRep
gene therapy successfully corrected/normalized the pathologic
APD90, thereby eliminating the pathognomonic feature of both
LQT2 and SQT1.

BS-400-07
REDEFINE-EP: A PROSPECTIVE, RANDOMIZED
EVALUATION OF THE CONTROLRAD SYSTEM TO REDUCE
RADIATION EXPOSURE DURING CARDIAC ELECTRONIC
IMPLANTABLE DEVICE PROCEDURES
Nishaki Mehta; Joshua France; Kuldeep Shah; Ilana B. Kutinsky;
Brian D. Williamson; Anil K. Goel; Simon R. Dixon and
David E. Haines
Background: The ControlRad (CR) system utilizes a dynamic
collimator that allows high resolution imaging in an operatorselected region of interest, with significant radiation dose
reduction for the remaining field of view.
Objective: The aim of this study was to evaluate the
effectiveness of the CR system to reduce scatter radiation during
cardiac electronic implantable device (CEID) procedures.
Methods: In a prospective, single center study, 90 patients
undergoing simple (single or dual chamber CEID) or complex (left
bundle pacing and biventricular CEID) procedures were
randomly assigned to undergo the procedure with or without the
CR system (CR5 43, No CR547). The primary study endpoint
was the scatter radiation dose to the primary operator measured
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using a standard aluminum oxide badge and a real-time radiation
dosimeter badge. Secondary endpoints included the radiation
dose to the secondary operator and nurse anesthetist, and dosearea product (DAP).
Results: Of the 90 patients, 60 (67%) underwent simple and 30
(33%) underwent complex CEID procedures. For the primary
operator, the mean radiation dose at the thyroid position per case
was 63% lower in the CR arm (standard badge: 56 vs. 23 mSv).
For the second operator, the thyroid dose was also lower in the
CR arm (9 vs. 2 mSv, 81% reduction). The cumulative radiation
dose for the nurse anesthetist was too low to report meaningful
data. The median DAP was 68% lower in the CR arm (622 vs 196
mGym2). Using the real-time radiation dosimeter badge, relative
reduction in radiation dose for the primary operator was similar in
simple (57%) and complex (60%) procedures (Figure 1). The
mean procedure times were similar in CR vs. noCR (71 vs 66
mins, p50.6). There was no difference in complications between
study arms (p50.19).
Conclusion: The ControlRad system effectively reduces
scatter radiation exposure to the operators and patient during
CEID procedures without prolonging procedure times or
complications.

BS-400-09
HABITUAL COFFEE CONSUMPTION AND INCIDENCE OF
ARRHYTHMIAS: A LARGE POPULATION STUDY
David Chieng; Rodrigo Canovas; Louise Segan;
Hariharan Sugumar; Aleksandr Voskoboinik; Sandeep Prabhu;
Liang-Han Ling; Geoffrey Lee; Joseph B. Morton;
Jonathan M. Kalman and Peter M. Kistler
Background: General perception is that arrhythmias are
increased in coffee drinkers. In contrast, meta-analyses report
beneficial effects of coffee on incident arrhythmias. However
earlier studies are limited by smaller sample sizes.
Objective: To evaluate associations between coffee intake and
incident arrhythmias utilising the UK Biobank.
Methods: The UK Biobank is a large prospective cohort with
outcomes measured .10 years linked to ICD-10 codes. Coffee
intake, obtained from questionnaires, was divided into 0, ,1, 1, 23, 4-5, .5 cups/day. Cox regression modelling with hazard ratios
(HR) determined associations with incident any arrhythmia, atrial
fibrillation/flutter (AF/flutter), SVT, and ventricular tachycardia/
fibrillation (VT/ VF).
Results: The cohort included 382,535 individuals (age 57 6
13yrs, 52% female, hypertension 28%). U shaped relationships
exist between higher coffee intake and incident any arrhythmia,
AF/flutter, and SVT. After adjustment for co-variables age,
gender, alcohol intake, tea intake, obesity, diabetes mellitus,
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hypertension, physical activity, OSA, smoking status, the lowest
risk for any arrhythmia was seen in those who consumed 2-3
coffee cups/day, with HR 0.92 (CI 0.88-0.95, p,0.01). Risk of
AF/flutter and SVTwere lowest at 4-5 cups/day, with HR 0.88 (CI
0.83-0.94, p,0.01), and HR 0.82 (CI 0.71-0.95, p ,0.01),
respectively. Lowest VT/ VF risk was seen with 4-5 cups/day
(HR 0.81, CI 0.67-0.96, p 50.02).
Conclusion: Mild-moderate regular coffee intake was
associated with significant reductions in the incidence of any
arrhythmia, AF/flutter, SVT and VT/VF. Daily coffee intake should
not be discouraged but rather considered part of a healthy diet.
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AF type, the presence or absence of cardiac amyloidosis, and left
ventricular ejection fraction, AU was a significant predictor of
recurrent arrhythmia (HR 2.6, 95% CI 1.2-5.3, p50.016).
Conclusion: Atrial myopathy is the result of a variety of factors
that lead to structural and electrical remodeling in the atrium and
portends a poorer prognosis with respect to rhythm control
among patients with AF. AU of 99mTc-Pyp may identify patients
at higher risk for arrhythmia recurrence following AF ablation.

BS-400-19

BS-400-11
ATRIAL UPTAKE OF TECHNETIUM-99M-PYROPHOSPHATE
IS ASSOCIATED WITH INCREASED ARRHYTHMIA
RECURRENCE FOLLOWING AF ABLATION
Eoin Donnellan; Wael A. Jaber; Divyang Rajesh Patel;
Mohamed Kanj; Mazen Hanna and Oussama M. Wazni
Background: Atrial amyloidosis is an arrhythmogenic substrate
for atrial fibrillation (AF). Technetrium-99m-pyrophosphate
(99mTc-Pyp), known to bind calcium, was originally developed
as a bone tracer. It was subsequently demonstrated that 99mTcPyp correlated with areas of calcium deposition in injured and
necrotic myocytes. Assessment of atrial uptake (AU) of 99mTcPyp is currently not utilized clinically but may provide important
insights into the likelihood of success of rhythm control strategies
among individuals with AF.
Objective: To examine the association between AU on 99mTcPyp scan and maintenance of normal sinus rhythm following AF
ablation.
Methods: We studied 620 patients who were referred for a
99mTc-Pyp scan for suspected transthyretin cardiac amyloidosis
between January 2012 and September 2019. Of these patients,
55 subsequently underwent AF ablation and were included in our
final analyses. Presence or absence of AU was assessed using
Corridor 4DMÒ software and Syngo ViaÒ using fused/coregistered computed tomographysingle photon emission
computed tomography imaging in all cases. AU was defined as
qualitative uptake in the atrial walls distinct from the blood pool. A
representative example of AU is shown in Figure 1b. A 2-sided pvalue ,0.05 was considered statistically significant.
Results: Baseline characteristics are shown in Figure 1a and
were similar between those with and without AU. Following
ablation, 34/55 (62%) developed recurrent arrhythmia and the
mean time to recurrence was 28 months. Among those with AU on
99mTc-Pyp scan, 21/25 (84%) experienced arrhythmia
recurrence, compared to 13/30 (43%) of those without AU (Figure
1c, log-rank 5.4, p50.02). On multivariable models adjusting for

INTRAMURAL EXTENSION OF THE POST-INFARCTION
SUBSTRATE IN PATIENTS UNDERGOING CATHETER
ABLATION OF VENTRICULAR TACHYCARDIA:
PREVALENCE AND PROGNOSTIC IMPLICATIONS
Weeranun Dechyapirom Bode; Karla Asturias Gonzalez;
Daniele Muser; Saman Nazarian; Fermin C. Garcia;
Gregory E. Supple; Robert D. Schaller; David S. Frankel;
Jeffrey Arkles; Matthew Craig Hyman; Ramanan Kumareswaran;
Gustavo S. Guandalini; David Lin; Sanjay Dixit; David J. Callans;
Francis E. Marchlinski and Pasquale Santangeli
Background: Intramural substrate extension (ISE) of the postinfarction subendocardial or transmural scar has been recently
documented by cardiac magnetic resonance (CMR) in subsets of
patients with ischemic cardiomyopathy (ICM). The prevalence
and clinical relevance of ISE in ICM patients undergoing catheter
ablation of ventricular tachycardia (VT) is unknown.
Objective: To investigate the prevalence and prognostic
implications of ISE in patients with ICM undergoing catheter
ablation of VT.
Methods: Out of 375 consecutive patients with ICM who
underwent catheter ablation of VT between 2015 and 2021, 68
had pre-procedural CMR and were included in this study. ISE was
defined as .5 mm extension of the subendocardial or transmural
infarct scar into the LV mid-myocardium and matching the infarct
coronary distribution.
Results: A total of 15 (22%) patients had ISE. There were no
significant baseline differences between patients with and
without ISE (age: 65611 vs 67611, p50.46; male gender: 93%
vs 96%, p50.53; LVEF: 33613% vs 29611%, p50.24; failed
anti-arrhythmic drugs: 1.060.93 vs 1.2160.77, p50.38). Noninducibility of any VT at post-procedure programmed stimulation
was 50% in patients with ISE and 56% in patients without ISE
(p50.8). After a median follow-up of 15 months patients with ISE
had significantly higher rate of VT recurrence compared to
patients without ISE (53% vs 15%, log rank p50.006, Figure). At
multivariable analysis, after adjustment for age, LVEF, NYHA
class, and acute procedural outcomes, ISE remained an
independent predictor of VT recurrence (hazard ratio 3.93, 95%
confidence interval 1.23 to 12.56, p50.021).
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Conclusion: In patients with ICM undergoing VT ablation, ISE of
the infarct scar is present in 22% of cases and is associated with
higher rates of VT recurrence at follow-up.
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BS-400-27
VALIDATION OF A PORTABLE DEVICE FOR HF-ECG IN
ISCHEMIA DETECTION DURING CORONARY BALLOON
INFLATION IN ANGIOPLASTY - BRINGING THE
PHYSIOLOGY LAB TO THE BEDSIDE !
Deepak Padmanabhan; Shanmugam K; Prabha vathi;
Sugandhi Gopal; Aishwarya Srinivasan and
Poulami Roy

BS-400-20
COMPARISON OF THE EFFICACY OF BI-V VS RV BURST
ATP IN TERMINATING VT IN PATIENTS WITH NONISCHEMIC VS ISCHEMIC CARDIOMYOPATHY
Mathew Hindi; Katerina Schwab; Jeslene K. Sandhu;
Sarah Singh; Anthony S. Tang; Jeffrey S. Healey;
Bernard Thibault; John L. Sapp; Vidal Essebag; Pablo B. Nery;
Laurence D. Sterns; David H. Birnie and Matthew T. Bennett MD,
FHRS
Background: Anti-tachycardia pacing (ATP) is effective at
terminating reentrant ventricular tachycardias.
Objective: We sought to assess whether there is a difference in
the efficacy between Bi-V vs RV only ATP in patients with nonischemic compared to ischemic cardiomyopathy.
Methods: Patients enrolled in the RAFT trial from 2003 to 2009
were included. The success of the initial ATP attempt at
terminating monomorphic VT and incidence of ICD shock
dependent on location of ATP delivery (Bi-V vs RV) and type of
cardiomyopathy (ischemic vs non-ischemic) was assessed.
Results: 12,311 VT episodes from 1,798 patients treated with
ATP were included. The success of the initial ATP at terminating
VTwas 60.8% (1160/1909) for Bi-V ATP and 69.4% (4506/6489)
for RV only ATP (p,0.001). An ICD shock was required
following an unsuccessful Bi-V and RV ATP attempt in 50.3% vs
59.2% VT episodes (p,0.001), respectively.The initial burst
ATP was successful at terminating VT in 64.8% and 67.5% of
patients with non-ischemic vs ischemic cardiomyopathy
(p50.010), respectively. The success rate of Bi-V and RV ATP
was 65.4% and 65.8%, respectively (p50.80) in patients with
non-ischemic cardiomyopathy and 45.9% and 77.6%,
respectively (p,0.001) in patients with ischemic
cardiomyopathy.
Conclusion: It appears that an initial RV ATP is more
effective than a Bi-V ATP at terminating VT, particularly
among patients with ischemic cardiomyopathy. However, RV
ATP resulted in a higher proportion of ICD shocks when
ATP was unsuccessful.

Background: High frequency QRS (HfQRS) analysis for rapid
assessment of myocardial ischemia has never been
evaluated owing to the logistical challenges of signal
recording. We aim to evaluate, in a pilot study, the correlation
between the HFQRS changes recorded on a novel wearable
€ ntek 12 lead ECG patch with balloon inflation induced
Syda
ischaemia.
€ ntek, in
Objective: To document utility of a portable device, Syda
ECG and HFECG during multiple balloon inflations.
Methods: 10 patients (M:F 5 8:2) undergoing coronary
intervention for medically refractory chronic stable angina were
screened for enrollment into the study ; 9/10 patients underwent
the final recording. 1 patient was excluded owing to signal noise
in the device due to reluctance in chest preparation. The mean
recording time per case was 60+/-15 mins. ECG including HfQRS
was recordable continuously during all intended times, using
€ntek at 2k samples/secs.
Syda
Results: In 33 balloon inflation ischemia episodes , changes
were seen on the HFQRS onset w 10 secs, offset w45 secs
after deflation . No significant changes were seen in the
conventional ECG analysed for these upto w45 secs .
Decrease in the amplitude of the HFQRS, and decrease in
the real time RMS voltage of QRS in leads V2-V5 and the
presence of RAZ ( reduced amplitude zone ) were considered
to be changes suggestive of ischemia. RAZ disappeared
w45 secs after the balloon deflation. The mean total
ischemic was 1 +/-0.5 min per patient per balloon inflation. In
this study , all 9 of the conventional ECGs were reported
independently by 2 docs as not having significant ST-T
changes of ischaemia.
RAZ presence in HFQRS was seen in all 33 of complete coronary
artery occlusion by balloon, in our study .There was reduction in
the amplitude of HFQRS(mean 12+/-1 mV) and RMSv2-v5 (mean
7+/-0.5 mV) from the baseline during the inflation. Post
intervention, both of the above parameters had a mean increase
of 22+/-1 mV and 10+/-0.3 mV respectively.
Conclusion: HFQRS measured using our novel, portable real
time 12 lead ECG recording patch can reliably detect onset of
coronary ischemia in a complete coronary occlusion even in
absence of ST -T changes in 12 lead ECG . We submit this proof
of concept for use in detecting ischemia in a variety of clinical
situations including chest pain triage and post intervention
monitoring.

S516

BS-400-45
LEFT BUNDLE-BRANCH PACING POSTATRIOVENTRICULAR JUNCTION ABLATION FOR ATRIAL
FIBRILLATION: PROPENSITY-SCORE MATCHING WITH
HIS BUNDLE PACING
Weijian Huang; Mengxing Cai; Shengjie Wu and Lan Su
Background: Left bundle branch pacing (LBBP) has emerged as
a promising pacing modality to preserve physiological left
ventricular activation but has limited prospective data evaluating
long-term safety and efficacy in pacing-dependent patients
following atrioventricular junction (AVJ) ablation.
Objective: This study aimed to examine the long-term feasibility,
safety, and efficacy of LBBP in patients with atrial fibrillation (AF)
and heart failure (HF) after AVJ ablation and provide a
comparison of LBBP versus His bundle pacing (HBP) through a
propensity score (PS) matched analysis.
Methods: We prospectively enrolled patients with AF and HF
who were referred for AVJ ablation and LBBP between July 2017
to December 2019. The control group patients were selected
from HBP implantations performed in the years 2012-2019 using
PS matching with a 1:1 ratio.
Results: A total of 99 patients were enrolled in this study. LBBP
implant success rate was 100%. Significant improvements in the
LVEF were observed in patients with HFrEF and HFpEF
(p,0.05). Threshold rise above 2V@0.5ms occurred in only one
patient. Of 176/215 (81.9%) who received permanent HBP postAVJ ablation, 86 patients were matched to the LBBP group by 1:1
PS (PS-HBP, N586; PS-LBBP, N586). No significant differences
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in echocardiographic or clinical outcomes were observed
between the two groups (p.0.05), while lower thresholds,
greater sensed R-wave amplitudes, and fewer complications
were observed in the PS-LBBP group (p,0.05).
Conclusion: LBBP is feasible, safe, and effective in patients with
AF and HF post-AVJ ablation, which has similar clinical benefits,
higher success rate, better pacing parameters, and fewer
complications than HBP.

BS-400-33
PERSONALIZED PACING (MYPACE): A NEW PARADIGM
FOR PATIENTS WITH HEART FAILURE WITH PRESERVED
EJECTION FRACTION
Margaret Infeld; Kramer Wahlberg; Jillian Cicero; Nicole Habel;
Sean Meagher; Alexandra Novelli; Anand Muthu Krishnan;
Timothy Plante; Daniel Silverman; Daniel L. Lustgarten and
Markus Meyer
Background: Pacemaker patients with preclinical or overt heart
failure with preserved ejection fraction (HFpEF) may benefit from
a backup heart rate (HR) that is higher than the standard 60 beats
per minute (bpm) setting.
Objective: Assess the effects of a personalized backup HR
(myPACE group, based on a HR algorithm) compared with
60bpm (control group).
Methods: In this double blind randomized controlled study,
pacemaker patients with HFpEF and either atrial pacing alone
or conduction system or biventricular pacing were assigned to
the myPACE or control group for 1 year. The primary outcome
was change in Minnesota Living with Heart Failure
Questionnaire (MLHFQ) scores (range 0-125, lower is better).
Secondary outcomes were changes in N-terminal brain
natriuretic peptide (NTproBNP), pacemaker-detected activity
levels, pacemaker-detected atrial fibrillation (AF) burden, and
adverse clinical events (composite of death, stroke, AF, and
HF events).
Results: The myPACE (n550; mean 6 standard deviation age
76612 years, 47% female) and control groups (n557, mean age
75 6 9 years, 48% female) were similar at baseline. The mean
HR in the myPACE group was 77 6 5bpm. Compared with
controls, MLHFQ scores improved in the myPACE group over 1
year as shown in the Table (p,0.001). Similarly, NTproBNP
levels and patient activity levels improved in the myPACE group
(both p,0.02). The myPACE group had 6 adverse events in 6
patients and the control group had 19 adverse events in 14
patients.
Conclusion: Among pacemaker patients with preclinical or overt
HFpEF a moderately increased, personalized backup HR setting
improves quality of life, NTproBNP, and activity levels compared
with the standard 60bpm setting, without an excess of adverse
effects.

