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C-AB01-01
RECOGNITION OF ANODAL PACING IN THE SETTING
OF DEVICE INTERROGATION: IMPLICATIONS FOR
RESPONSE TO CARDIAC RESYNCHRONIZATION
THERAPY

Hyun Joo Lee, RN, MBA, Derek Boardman, RN, Ashkan Ehdaie,
MD and Michael Shehata, MD. Cedars-Sinai Medical Center,
Los Angeles, CA
Background: CRT devices allow the option of programming
left ventricular (LV) lead pacing configuration as LV tip or
ring to right ventricular (RV) lead ring to potentially improve
pacing thresholds. However, anodal stimulation can result in
unintentional RV pacing (anode) instead of LV pacing (cathode),
which is a potential underrecognized and amenable cause of
poor response to CRT.
Objective: This case report illustrates how anodal stimulation
was recognized during device interrogation and amended in the
clinic.
Methods: N/A
Results: A 68 year old man with cardiomyopathy underwent
CRT-D device implantation. Device interrogation was performed
to assess an unusual ECG in follow up evaluation. in the
setting of a poor response to CRT therapy with recurrent CHF
symptoms. Bi-V pacing percentage was 99% and LV pacing
polarity was set LV tip to RV ring with a V-V offset of 100ms. LV
threshold testing revealed a change in morphology in a far-field
channel as the pacing voltage was decreased similar to the
morphology seen during RV threshold testing. A 12 lead ECG
was performed during repeat testing and clearly demonstrated
RV capture with high pacing amplitude and LV capture at lower
amplitude. (Fig.1) This intermittent unintentional RV pacing was
resolved by reprogramming the LV pacing configuration to LV tip
to LV ring.
Conclusion: Morphology changes during pacing threshold
testing should not be overlooked and 12 lead ECG or surface
leads should be utilized to confirm the presence of anodal
pacing. This important finding may have implications for clinical
response to CRT.

Gerilynn M. Schott, MSN, CRNP, Vasanth Vedantham, MD
and Edward P. Gerstenfeld, MD. University of California - San
Francisco, San Francisco, CA

Background: Cardiac Sarcoid is most often diagnosed in
patients with other manifestations of sarcoidosis. Patients
typically present with AV block and PVCs or ventricular
arrhythmias. LV dysfunction and atrial arrhythmias may be
present.
Objective: This abstract will highlight an atypical presentation of
cardiac sarcoid.
Methods: N/A
Results: A 75 year-old woman with a history of AF and dilated
cardiomyopathy (DCM) s/p ICD was transferred with recurrent
VT and ICD shocks despite 2 VT ablations at an outside
hospital. MRI revealed a patchy basal inferoseptal low voltage
region. ECG was sinus rhythm, normal PR and a narrow QRS.
In the EP lab several RBB/superior axis VTs exiting from the
basal inferior LV were targeted with entrainment mapping. The
next day she had recurrent VT. She returned to the lab where
epicardial access was obtained, and voltage mapping revealed
a dense basal inferior LV endocardial scar with some epicardial
extension. Extensive endo/epi substrate modification (ablation of
all fractionaed and late potentials) was performed, rendering her
noninducible for VT.
Over the next month her AF progressed to persistent despite
dofetilide and was associated with significant palpitations, fatigue
and DOE. She returned to the EP lab for pulmonary vein and
posterior wall isolation. Over the next 2 months she improved
with no sustained VT or AF. She then developed worsening
DOE and palpitations. An exercise test revealed multifocal PVCs
and PACs provoked with minimal exercise. A PET scan was
performed which revealed marked hilar and inferoseptal LV FDG
uptake. A chest CT revealed hilar adenopathy. Bronchoscopic
LNBx was performed revealing noncaseating granulomas
consistent with sarcoidosis. Prednisone and methotrexate were
started with marked improvement in symptoms.
Conclusion: This case illustrates that even in an elderly patient
with normal resting cardiac conduction, cardiac sarcoidosis can
masquerade as a DCM with incessant arrhythmias. Multiple
ablations led to improvement in sustained arrhythmias, but a
correct diagnosis was necessary to treat the underlying disease
with immunosuppression. The combination of incessant atrial
and ventricular arrhythmias should prompt evaluation for
sarcoidosis, even without preexisting conduction disease.

C-AB01-03
RFA FOR TACHYCARDIOMYOPATHY DUE TO LV
PAPILLARY MUSCLE VT IN YOUNG USING TEE

Anitha Sathishkumar, PA, Sabari Saravanan, BEng, Joseph
Theodre, MD, Ramkumar S, MD, Kalaichelvan U, MD,
Ravikumar M, BSc, Benjamin S, BSc and Ulhas M. Pandurangi,
MD. The Madras Medical Mission, Chennai, India, Madras
Medical Mission, Chennai, India
A 4 years old male child, with a H/O recurrent admissions
for heart failure for 2 years and who was considered to have
tachycardiomyopathy due to recurrent monomorphic NSVT
and frequent isolated PVCs of the same morphology was
considered for RFA. The Atypical RBBB pattern with superior
axis morphology of PVCs suggested the origin from left
ventriclular posterior and apical region. The width of the QRS
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(180ms) raised the suspicion of underlying myocardial scar or
posterior papillary muscle origin. Under general anesthesia,
by trans-aortic approach, the LV was mapped for geometry,
voltage and activation pattern of PVC (Fig 1). No scar was
noted. The earliest activation was found near the posterior and
apical aspect of interventricular septum. A single RF energy
(40W, 40⁰C for 15secs) resulted in disappearance of PVCs.
Additional RF energy (cumulative 120secs) was delivered in
the adjoining areas. However, the PVCs recurred 24 hours after
the procedure. The recurrence of PVCs and subtle changes
in morphology of PVCs suggested their origin from posteromedial papillary muscle. A redo procedure was performed using
transeosophageal echocardiogram to visualize the papillary
muscle and to aid optimal contact of tip of the ablation catheter.
TEE helped in delivering lesions more effectively. Patient has
remained asymptomatic with no PVCs during the 6 months
follow-up. Echocardiogram recorded normalization of ventricular
function. According to our best of knowledge, this is the
youngest patient reported in literature to have successful RFA for
tachycardiomyopathy due to papillary muscle VT.
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After MED, RF energy was delivered at the posterior RPVs
without any esophageal heating, achieving effective isolation. No
RPV reconnection was found after 1 h waiting period and with
adenosine and isoproterenol infusion.
Conclusion: We describe a fluoro-less technique to improve
esophageal visualization with ICE using CO2 insufflation. This
approach enhances the contrast between the esophagus and
the adjacent structures, and is useful to validate the esophageal
position during mechanical displacement.

C-AB01-05
PATHOGENIC VARIANTS IN CALMODULIN ASSOCIATED
WITH RESUSCITATED CHILDHOOD CARDIAC ARREST

C-AB01-04
FLUORO-LESS VISUALIZATION OF MECHANICAL
ESOPHAGEAL DISPLACEMENT USING INTRACARDIAC
ECHOCARDIOGRAPHY WITH ESOPHAGEAL CARBON
DIOXIDE INSUFFLATION DURING CATHETER ABLATION
OF AF
Robert Hipp, PA, Jeffrey Gordon, MD, Jeff Mandel, MD and
Pasquale Santangeli, MD, PhD. University of Pennsylvania,
Philadelphia, PA

Background: Mechanical esophageal displacement (MED)
is an effective method to prevent esophageal heating during
posterior left atrial ablation. Fluoroscopy with barium has been
used to detect the position of the esophagus during MED, but
risks aspiration. Intracardiac echocardiography (ICE) can also
detect the location of the esophagus, but differentiation with the
adjacent pericardial/mediastinal fat and aortic wall is challenging.
Objective: We describe a technique to enhance the echocontrast of the esophagus using carbon dioxide (CO2) insufflation
to visualize effective MED with ICE.
Methods: N/A.
Results: A 60-year-old male presented for repeat AF ablation
procedure with reconnection of the right pulmonary veins
(RPVs). An anatomical reconstruction of the esophagus was
created with ICE (CartoSoundTM) after direct CO2 insufflation
through a Cook airway exchange catheter placed in the mid
esophagus. The initial position of the esophagus was adjacent
to the RPVs (Figure A). A MED device (EsoSureTM) was used
to displace the esophagus, and 1.2 cm displacement was
confirmed with ICE after repeat CO2 insufflation (Figure B).

Amy Daly, MS, Nicole M. Johnson, MSc, Emily Decker, MS,
Thomas E. Callis, PhD, Jackie Tahiliani, MS, John Garcia, PhD,
Sienna Aguilar, MS, Laura Murillo, PhD, Blanca Herrera, PhD,
Daniel Beltran, PhD, Rachel Harte, PhD, Kyla Dunn, MS, Anne
M. Dubin, MD, Scott R. Ceresnak, MD, James Priest, MD, Kara
S. Motonaga, MD and Matteo Vatta, MD. Invitae, San Francisco,
CA, Stanford Children’s Health, Palo Alto, CA, Stanford
University School of Medicine, Stanford, CA
Background: Calmodulin is a calcium-sensing, signaltransducing protein that modulates the function of several
ion channels and is encoded by genes CALM1, CALM2, and
CALM3. Several recent studies have associated rare calmodulin
variants with severe early-onset LQTS, CPVT, and sudden
unexplained death. However, the phenotypic spectrum of
calmodulin gene mutations has not been fully elucidated.
Objective: To examine the phenotypic spectrum associated with
pathogenic CALM variants in patients referred for arrhythmia
genetic testing.
Methods: Sequence and deletion/duplication analysis of at least
57 arrhythmia associated genes was performed for patients
referred to Invitae for genetic testing. Variants were evaluated
with respect to molecular evidence including type of variant and
location, predicted effect on gene products, prior literature, and
more than 60,000 ethnically diverse controls.
Results: CALM1 variant c.293A>G (p.Asn98Ser), classified as
pathogenic, was identified in a 5-year-old male with a recent
history of VF arrest while swimming and a prolonged QTc of up
to 494 msec. Analyses of his parents demonstrated that this
variant apparently occurred de novo. CALM3 variant c.281A>C
(p.Asp94Ala), initially classified as uncertain significance, was
identified in an 8-year-old female with a recent history of sudden
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cardiac arrest on a playground and a prolonged QTc of up to 542
msec. Subsequent analyses did not identify this variant in either
biological parent and it most likely occurred de novo. This variant
was re-classified as pathogenic. Both variants alter calciumbinding loop III at a conserved amino acid residue that interacts
with calcium. Both patients were asymptomatic prior to cardiac
arrest with no reported history of syncope or seizures and had a
normal echocardiogram and cardiac MRI post-arrest.
Conclusion: These patients with pathogenic variants in CALM1
and CALM3 contribute to the calmodulin associated genotype
and phenotype data collection. The probands share the earlyonset, severe presentation of reported CALM-related cases
(Boczek et al., 2016). Further investigation of patients with
CALM pathogenic variants is needed to establish the complete
clinical presentation.

C-AB01-06
THE ANK2 DELETION THAT WASN’T THERE

Benjamin Helm, MS, Mark D. Ayers, MD and Adam C. Kean,
MD, MPH. Indiana University School of Medicine, Indianapolis,
IN
Background: There are multiple genetic testing modalities. It is
important to scrutinize their findings which have implications for
diagnosis and management. We highlight an incorrect diagnosis
of long QT type 4 (LQT4) based on dubious interpretation of
chromosome microarray (CMA).
Objective: We discuss a boy misdiagnosed with LQT4 based
on a CMA and show that multidisciplinary review and selection
of ideal testing resulted in the correct diagnosis. Critical
review of variant interpretation is crucial for the progression of
cardiovascular genetics and accurate diagnosis and treatment.
Methods: N/A
Results: A 10-year-old male was referred to our pediatric
arrhythmia clinic for management of LQT4. He was diagnosed
with ADHD in 2011 for which a geneticist ordered a CMA that
identified a 31 Kb deletion of 4q26, involving ANK2. He had no
syncope, deafness, seizures, or palpitations. Based on the CMA
alone, the patient was diagnosed with LQT4 with no treatment
for 5 years. Cardiac evaluation was then completed, showing
a normal echocardiogram and ECG followed by referral to
our clinic. His QTc was 438 msec, and subsequent Holter and
exercise test were normal. The patient’s sister has vasovagal
syncope, and an uncle died in his sleep with an autopsy
consistent with ventricular hypertrophy. Our exon-level deletion/
duplication analysis of the ANK2 gene showed no deletion in any
exons of the ANK2 gene, disconfirming the original CMA result.
This result was confirmed with two assays and independent
review. The CMA, which was not validated to confidently detect
variants < 500 Kb, was likely an artefact.
Conclusion: An inherited arrhythmia diagnosis carries
implications for risk counseling, management, and psychosocial
well-being. This report demonstrates the imperative to scrutinize
genetic testing results and recognizing the limitations of CMA.
Updated single-gene, exon-level deletion/duplication analysis
was necessary to disprove the deletion. Interpretation and
critique of genetic testing has poor likelihood of success in the
absence of inter-disciplinary involvement of cardiologists and
genetics providers.

ABSTRACT PLUS C-AB02:
Modeling Arrhythmias - New Genes, New Models,
New Therapies
Thursday, May 11, 2017
1:30 PM - 3:00 PM

C-AB02-01
CONDITIONAL STIM1 KNOCKDOWN RESULTS IN
PRIMARY ELECTRICAL REMODELING LEADING TO
ACCELERATED HEART FAILURE AND SUDDEN DEATH

Marine Cacheux, PhD, Jun Hu, PhD, Ludovic Benard, PhD,
Chaoqin Xie, MD, Jean-Sebastien Hulot, MD, PhD and Fadi G.
Akar, PHD, FHRS. Icahn School of Medicine at Mount Sinai,
New York City, NY
Background: Stromal interaction molecule 1 (STIM1) is a Ca
sensor that regulates cardiac hypertrophy by triggering store
operated Ca entry (SOCE). STIM1 binding to phospholamban
was recently shown to increase SR Ca load independent of
SOCE.
Objective: To determine the role of STIM1 in electromechanical
function and arrhythmias in the intact heart.
Methods: Cardiac-specific STIM1 conditional knockdown (KD)
was achieved in adult mice using an αMHC-MerCreMer system.
Mechanical and electrophysiological (EP) properties were
examined using echocardiography in vivo and optical action
potential (AP) mapping ex vivo in hearts from tamoxifen induced
STIM1 KD and Cre (-) control (Ctl) mice.
Results: STIM1 KD mice (N=23) exhibited poor survival
compared to Ctl (N=22) with >40% mortality after 8 days of
tamoxifen (Fig A). Surviving STIM1 KD mice exhibited a 44.8%
decrease in fractional shortening (p<0.05), marked conduction
slowing (Fig B) and emergence of spatially discordant AP
alternans (Fig C) leading to VT. Functional lines of block at the
onset of VT were localized at the nodal zones that separated
out-of-phase alternans regions. To determine if EP changes were
related to heart failure in general or to STIM1 per se, a subset of
hearts was examined before onset of mechanical dysfunction.
Early afterdepolarizations were frequently observed and nonsustained VT was readily induced by burst pacing in STIM1 KD
but not Ctl hearts as early as 3 days after tamoxifen treatment
(Fig D).
Conclusion: Our findings reveal a novel role of STIM1 in the
early control of adverse EP remodeling, heart failure and sudden
death.
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C-AB02-02
ABNORMAL REPOLARIZATION AND INCREASED
SUSCEPTIBILITY TO VENTRICULAR ARRHYTHMIAS IN
A RAT MODEL OF HEART FAILURE WITH PRESERVED
EJECTION FRACTION

Jae Hyung Cho, MD, Rui Zhang, MD, Romain Gallet, MD,
Geoffrey de Couto, PhD, Joshua I. Goldhaber, MD, Eduardo
Marban, MD, PHD, FHRS and Eugenio Cingolani, MD. CedarsSinai Medical Center, Los Angeles, CA, Henri Mondor University
Hospital, Creteil, France, Cedars Sinai Medical Center, Los
Angeles, CA
Background: Heart failure with preserved ejection fraction
(HFpEF) represents ~50% of heart failure and continues to
increase in incidence. The leading cause of mortality in HFpEF
is sudden cardiac death, but little is known about the underlying
mechanisms.
Objective: We quantify ventricular arrhythmias in an extensively
validated rat model of HFpEF, and investigate the mechanisms
of the arrhythmias.
Methods: Seven-week-old Dahl salt-sensitive rats were fed
high-salt diet for 7-8 weeks (n=38, or low-salt as controls [n=13]),
and tested for HFpEF as manifested by echocardiographic
diastolic dysfunction. Programmed electrical stimulation
(PES) was performed on HFpEF-verified and control rats. QTc
interval was measured on electrocardiogram (ECG). Optical
mapping was performed to investigate the mechanisms of
arrhythmias. The whole-cell patch clamp technique was used to
measure transient outward potassium current (Ito). Quantitative
polymerase chain reaction and Western blotting were used to
investigate changes in ion channel expression.
Results: After 7-8 weeks of high-salt diet, 31 of 38 rats showed
diastolic dysfunction, but no decrease in ejection fraction. PES
demonstrated increased inducibility to ventricular arrhythmia in
HFpEF-verified rats (26/31=83.9% vs. 3/13=23.1% in controls,
p<0.001). QTc interval on ECG was prolonged in HFpEF rats
(251.9±27.0 vs. 192.7±11.0 ms in controls, p<0.001), as was
APD90 based on optical mapping (126.5±9.2 in HFpEF vs.
90.3±18.3 ms in controls, p<0.05). Optical mapping further
revealed multiple re-entry circuits indicative of polymorphic
ventricular tachycardia. Whole-cell recordings from isolated
cardiomyocytes demonstrated down-regulation of Ito in HFpEF
rats (Ito density at 60 mV 4.13±1.78 vs. 8.03±3.75 pA/pF in
controls, p<0.05) consistent with an observed decrease in Kcnd3
at the mRNA level and Kv4.3 at the protein level.
Conclusion: We find markedly increased susceptibility to
ventricular arrhythmias in a rat model of HFpEF. Underlying
cellular abnormalities include prolonged repolarization from
down-regulation of Ito, which favor polymorphic ventricular
tachycardia. The findings provide novel insights into the
mechanisms of arrhythmias and sudden cardiac death in HFpEF.

C-AB02-03
SPONTANEOUS ATRIAL FIBRILLATION IN TRANSGENIC
GOATS WITH TGF-β INDUCED ATRIAL MYOPATHY WITH
ENDURANCE EXERCISE

Michael J. Cutler, DO, PhD, Misha Regouski, BS, Oxana
Galenko, DMSc, Jason Doleac, BS, Aaron Olsen, DVM,
Victoria Jacobs, PhD, Becca Ballantyne, EMT, Lizzy Stauder,
No Degree, Kenneth White, PhD, T. Jared Bunch, MD and Irina
Polejaeva, PhD. Intermountain Medical Center Heart Institute Intermountain Heart Rhythm Specialists, Murray, UT, Utah
State University - Department of Animal, Dairy and Veterinary
Sciences, Logan, UT, Intermountain Medical Center Heart
Institute, Murray, UT, Boston Scientific Corp., Minneapolis, MN,
Utah State University, Logan, UT
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Background: Atrial fibrillation (AF) is the most common
arrhythmia and may be a marker of an underlying atrial
cardiomyopathy. There is increasing evidence that endurance
exercise is associated with increased risk of AF. However, it is
unknown if the relationship between endurance exercise and AF
is dependent on an atrial myopathy.
Objective: We hypothesized that endurance exercise in the
presence of an atrial myopathy will increase AF incidence when
compared to exercise in the absence of an atrial myopathy.
Methods: Six cardiac-specific TGF-β1 transgenic (TG) and 6
wild-type (WT) goats were utilized for these studies. Cardiacspecific overexpression of TGF-β1 in this model has previously
been shown to produce an atrial myopathy. Pacemakers were
implanted in all animals for continuous arrhythmia monitoring
and AF inducibility. AF inducibility was evaluated using 5
separate 10 s bursts of atrial pacing (160 - 200 ms). Three
months of progressive endurance exercise (up to 90 min at
4.5 mph) was performed using a large animal Hot Walker.
Quantitative assessment of selected circulating miRs was
performed with TaqMan miR assays (expressed fM/ul).
Results: Sustained AF (≥30 s) was induced with 10 s of atrial
pacing in 4/6 TG goats compared to 0/6 WT controls at baseline
(p < 0.05). No spontaneous AF was observed at baseline.
Interestingly, between 2-3 mo of exercise 3/6 TG animals
developed self-terminating spontaneous AF compared to 0/6
WT animals (p<0.05). There was an increase in AF inducibility
in both TG and WT animals during the first 2 mo of exercise with
partial normalization at 3 mo (TG 67%; 100%; 83% vs WT 0%;
67%; 17%). These changes in AF susceptibility were associated
with a time-dependent decrease in circulating miR-21 during
the first 2 mo of exercise with partial normalization at 3 mo of
exercise in both TG and WT animals (TG 4.26±1.87; 0.65±0.22;
2.57±0.98 and WT 4.55±1.29; 0.49±0.22; 2.49±1.78, p < 0.01 for
time effect).
Conclusion: The novel finding of this study is that endurance
exercise in a genetically engineered large animal with an atrial
myopathy results in spontaneous AF. Also, our findings suggest
that regardless of an underlying atrial myopathy, endurance
exercise increases AF risk that may be secondary to structural
remodeling regulated by expression of miR-21.

C-AB02-04
RIGHT VENTRICULAR PACING-INDUCED
CARDIOMYOPATHY ATTENUATED BY HIS BUNDLE
BIOLOGICAL PACING

James F. Dawkins, DVM, Yu-feng Hu, MD, Yong Zheng, MD,
Eduardo Marban, MD, PHD, FHRS and Eugenio Cingolani, MD.
Cedars-Sinai Heart Institute, Los Angeles, CA, Taipei Veteran
General Hospital, Taipei, Taiwan
Background: Somatic reprogramming by TBX18 gene transfer
into the His bundle region creates a functional biological
pacemaker (BioP) (Hu et al, Sci Trans Med 2014). Longterm right ventricular pacing (RVP) has been associated with
ventricular remodeling and functional deterioration in patients.
Objective: To test the hypothesis that His bundle BioP might
attenuate or reverse RVP-induced cardiomyopathy in a preclinical model of AV block and RVP.
Methods: Adult pigs with an electronic pacemaker (PM) in
the RV underwent radiofrequency ablation of the AV node.
Afterwards, all animals were PM-dependent. Rhythm was
assessed by continuous telemetry, and PM utilization was
assessed weekly. One month after ablation, left ventricular
(LV) systolic function was evaluated by MRI, after which pigs
underwent delivery of TBX18 (n=6) or placebo (n=4) into the His
bundle region via injection catheters. Animals were followed for
4 weeks, at which time systolic function was re-evaluated using
both MRI and invasive hemodynamics.

S5
Results: His bundle BioP reduced backup PM utilization in
the TBX18 group. Over the 4 week follow up period, backup
pacing in TBX18-treated pigs remained lower than in placeboinjected controls (52±8% vs. 90±10%, p<0.05). When not RV
paced, TBX18-injected pigs exhibited a narrow-complex rhythm
consistent with origin at the site of injection in the His bundle.
TBX18 pigs had a higher LV ejection fraction by MRI (62±5% vs.
48±3 in controls at 2 mos, p<0.05), and a greater cardiac output
(4.7±0.4 L/min vs. 3.4±0.2 vs. in controls, p<0.05). LV enddiastolic volume was lower in TBX18 than in controls (84±4 ml
vs. 106±4 ml, p=0.007). Although there was no overt heart failure
at rest in either group (i.e., no labored breathing, ascites or
differences in body weight), an acute volume challenge revealed
less hemodynamic reserve in controls than in TBX18 pigs
(changes in LV end-diastolic pressure in response to 1 liter of
normal saline infused intravenously: -0.7±0.5 mmHg in Tbx18treated pigs, vs. +5.2±1 mmHg in controls, p<0.05).
Conclusion: His bundle BioP reduced reliance on RVP,
attenuating adverse LV remodeling. Thus, BioP may not only
obviate hardware and its complications, but may also be useful
in treating or preventing pacing-induced cardiomyopathy.

C-AB02-05
COMPARISON OF NEWLY PROPOSED SCANNED PROTON
BEAM CATHETER-FREE ABLATION VS X-RAY/PHOTON
BEAMS FOR CREATION OF ATRIO-VENTRICULAR NODE
BLOCK IN A PORCINE MODEL
Atsushi Suzuki, MD, PhD, H. Immo Lehmann, MD, Amanda J.
Deisher, PhD, Songyun Wang, MBBS, Jon J. Kruse, PhD, Jack
T. Cusma, PhD, Kay D. Parker, CVT, Maryam E. Rettmann,
PhD, Kimberly B. Viker, BS and Douglas Packer, MD, FHRS.
Mayo Clinic/St. Marys Hospital, Rochester, MN

Background: Different types of ionizing radiation have been
proposed for noninvasive ablation of cardiac tissue. Particles,
such as proton beams, offer unique radiophysical properties,
however their biophysiological effects remain to be studied.
Objective: To investigate electrophysiological effects and lesion
created for atrioventricular node (AVN) block by scanned proton
beam, in comparison with those created by photon beams.
Methods: Eight pigs (3 proton and 5 photon beam) underwent
AVN ablation using irradiation doses of 40/55Gy. Pacemaker
implantation and EP study were performed prior ablation. ECGgated CT scans were acquired and AVN targets on 10 phases,
estimating target motion, were contoured. At 3 months after
irradiation, animals underwent EP evaluation and Gross and
microscopic pathologic investigation were performed.
Results: Mean size for AVN ablation target dose ([superiorinferior axis; SI] × [anterior-posterior axis; AP]) was not different
between proton and photon (17±2×18±2mm vs. 19±2×16±2mm,
p=NS for both axis). Figure shows treatment planning CT and
gross pathologic outcomes. Complete AV block (CAVB) was
achieved in 2 of 3 pigs in proton group and 5 of 5 in photon.
Mean time until CAVB was 11±1 weeks in both groups.
Lesion size (SI×AP) in proton and photon was 11±1×8±2 mm
and 18±5×12±4mm (p=0.04 and p=NS for SI and AP). No
esophageal or tracheal complication was observed.
Conclusion: Scanned proton beams showed the potential for
lesion creation in a target area as a tool of catheter-free imageguided ablation. While the lesions created were more precise
than ordinary X-ray beams, the enlarged photon irradiation may
have contributed to more consistent outcomes.

ABSTRACT C-AB03:
Molecular Regulation of Cardiac Electrical
Modeling/Remodeling
Thursday, May 11, 2017
1:30 PM - 3:00 PM

C-AB03-01
ION CHANNEL REMODELING UNDERLIES
ATRIOVENTRICULAR NODE BLOCK INDUCED BY LONGTERM TRAINING

Shu Nakao, DVM, PhD, Alicia D›Souza, PhD, Min Zi, PhD,
Yanwen Wang, PhD, Charlotte Cox, BSc, Eleanor Gill, MS,
Elizabeth J. Cartwright, PhD, Halina Dobrzynski, PhD and Mark
R. Boyett, PhD. University of Manchester, Manchester, United
Kingdom
Background: Veteran athletes can present with cardiac
conduction system dysfunction including atrioventricular
(AV) block, resulting in an increased incidence of electronic
pacemaker implantation. The underlying mechanisms are
unknown.
Objective: To investigate alterations in the electrophysiology
and ion channel gene profile of the AV node in response to
chronic endurance exercise.
Methods: Ten-week-old C57BL/6j mice were trained by
swimming for 60 min/day for 5 months. At the end of the training
period, to assess AV node function in vivo programmed pacing
protocols and ECG recording were performed. Total RNA
was isolated from serial frozen sections of the AV node and
right atrium using laser capture microdissection. The AV node
area was identified by HCN4 immunolabelling. cDNA samples
were preamplified, and the expression levels of 96 transcripts
including key mediators of the membrane and Ca2+ clock
mechanisms of pacemaking were measured by qPCR.
Results: Trained mice showed prolonged RR (Trained,
163.6±4.0 ms; Control, 150.6±3.4 ms; P<0.05, n=12-15) and
PR (Trained, 44.0±1.0 ms; Control, 40.0±1.0 ms; P<0.05, n=1214) intervals. Electrophysiological measurements revealed
a significantly increased Wenckebach cycle length (Trained,
99.8±1.4 ms; Control, 85.5±2.1 ms; P<0.001, n=11-14) and
prolonged AV node effective refractory period (Trained, 80.1±2.6
ms; Control, 62.6±2.8 ms; P<0.05, n=11-13) in trained mice,
indicating AV node dysfunction. qPCR data demonstrated
downregulation of ion channels responsible for the generation
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and propagation of the action potential in the AV node (i.e.
pacemaker HCN channel and the T-type Ca2+ channel) and
altered expression of transcription factors associated with the
development of the conduction system (i.e. Tbx3, Irx3 and
Shox2), suggesting that transcription factor-driven molecular
remodeling of the trained AV node underlies AV block.
Conclusion: Chronic endurance exercise results in AV node
dysfunction underscored by striking transcriptional remodeling of
AV node genes responsible for action potential generation and
propagation. Out study provides a new mechanistic insight into
understanding the occurrence of heart block in athletes.

C-AB03-02
GENETIC ABLATION OF SORCIN LEADS TO
PROGRESSIVE ELECTROPHYSIOLOGICAL REMODELING
IN MOUSE HEART

Xi Chen, BS, Francisco Alvarado, PharmD, Carmen R. Valdivia,
MD, Craig Weber, PhD, Gerardo García-Rivas, PhD, Patricia
A. Powers, PhD and Hector Valdivia, MD, PhD. University of
Michigan, Ann Arbor, MI, University of Arizona, Tucson, AZ,
Tecnológico de Monterrey, Monterrey, Mexico, University of
Wisconsin-Madison, Madison, WI
Background: Sorcin, a Ca2+ binding protein in cardiomyocytes,
is known to decrease the activity of ryanodine receptors (RyRs).
It also interacts with other Ca2+ regulatory proteins, including
L-type Ca2+ channel (LTCC), Na+-Ca2+ exchanger (NCX), and
SR/ER-Ca2+-ATPase.
Objective: To determine sorcin’s effect on E-C coupling in
intact cardiomyocytes and its role in the development of heart
diseases.
Methods: A sorcin-knockout (sorcin-KO) mouse model was
generated by ablating SRI, the gene encoding for sorcin.
Expression of Ca2+ regulatory proteins, [Ca2+]in homeostasis,
and whole heart/animal performance were measured.
Results: Hearts from adult (5-7 months old), but not from
young (1 month old) sorcin-KO mice had ~2 fold expression of
LTCC and NCX compared with WT. In accordance with protein
expression level, sorcin-KO cardiomyocytes from adult but not
from young mice presented significantly higher ICa when clamped
at -20 to 10mV, and higher INCX at -80 to -120mV. Under 300nM
isoproterenol (Iso) stimulation, adult sorcin-KO cardiomyocytes
presented significantly increased Ca2+ sparks compared to WT
controls (KO 1.43±0.29 vs. WT 0.51±0.15 sparks •100μm-1•s-1,
p<0.05). Early afterdepolarizations (EADs) and high incidence of
delayed afterdepolarizations (DADs) were observed in sorcin-KO
cells paced at 1Hz (KO 0.27±0.07 vs. WT 0.03±0.02 DAD•s-1,
p<0.01), accompanied with spontaneous Ca2+ releases. Young
sorcin-KO hearts tended to have decreased left ventricular
contractility compared with WT 4-6 min after Iso stimulation (KO
101.85±13.51 vs. WT 124.87±9.61 mmHg). Adult sorcin-KO
mice were more susceptible to arrhythmia and death after aortic
banding.
Conclusion: The loss of sorcin leads to increased SR Ca2+
leak through hyper-activated RyRs, which may impair heart
contractility. Among compensatory mechanisms to reload SR
Ca2+, we postulate sorcin-KO cells progressively develop
increased ICa (significant only in adulthood). To maintain Ca2+
equilibrium, enhanced ICa is accompanied by enhanced inward
INCX. The inward INCX is arrhythmogenic and may be the
underlying mechanism promoting EADs and DADs observed in
cardiomyocytes, making sorcin KO mice prone to arrhythmia and
death under stress.
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C-AB03-03
LOSS OF PLAKOPHILIN-2 EXPRESSION CAUSES
ALTERNATIVE SPLICING MISREGULATION. A NEW
COMPONENT IN THE MOLECULAR SUBSTRATE
OF ARRHYTHMOGENIC RIGHT VENTRICULAR
CARDIOMYOPATHY (ARVC)
Jerome Montnach, PhD, Chantal van Opbergen, MSc, Lin
Xianming, PhD, Mingliang Zhang, PhD, Igor Dolgalev, MSc,
Adriana Heguy, PhD, Toon van Veen, PhD, Mario Delmar, MD,
PHD, FHRS and Marina Cerrone, MD. New York University,
New York, NY, University Medical Center Utrecht, Utrecht,
Netherlands, New York University, New York City, NY, NYU
School of Medicine, New York, NY
Background and Rationale: Mutations in Plakophilin-2
(PKP2) are the most common cause of ARVC, an inherited
disease characterized by fibro- or fibrofatty infiltration of RV
predominance, ventricular arrhythmias and sudden death in the
young. The relation between PKP2 expression and the heart
transcriptome in vivo, is unknown. Furthermore, while splicing
misregulation has been associated with other inherited diseases,
PKP2-dependent exon usage differences remain unexplored.
We generated a murine line of cardiac-restricted, tamoxifen
activated PKP2 deficiency (“PKP2-cKO”) and defined PKP2dependent exon usage in adult non-failing hearts.
Methods and Results: The first disease manifestation was
an increase in RV area, detected by echocardiography 14
days after tamoxifen injection (14 days post-injection or “dpi”),
followed by marked RV dilation and reparative fibrosis (21
dpi), then bi-ventricular dilated cardiomyopathy (28 dpi), heart
failure and death (30-50 dpi). To capture the earliest molecular
events, hearts 14 dpi were used for RNAseq and exon usage.
Comparing RV vs LV revealed minor changes in transcript
abundance, but significant differences in alternative splicing
(AS) program. We found ~75% of differentially spliced exons
flanked by sequences that bind RBFox2, an RNA-binding protein
that acts as central AS regulator of the adult heart, and that is
necessary to maintain cardiac structure. Western blot analysis
at 14 dpi and thereafter showed reduced abundance of RBFox2.
RNAseq at 21 dpi showed that in addition to RBFox2, transcripts
were reduced for RBFox1, MBNL1, MBNL2 and RBM20 (also
molecules that control the AS program). Exon usage analysis
at 21 dpi identified massive AS misregulation, similar to that of
a failing heart, even though ejection fraction at this stage was
~50%. Misregulated genes included several involved in electrical
rhythm and intracellular calcium homeostasis.
Conclusion: We generated a model of PKP2-dependent ARVC.
Our studies point to a previously unrecognized association
between a desmosomal molecule, a splicing regulator, and the
control of electrical and mechanical function. AS misregulation
may be a substrate for sudden unexpected arrhythmic death in
the young.

C-AB03-04
A MICROTRANSLATOME ENCODING THE VENTRICULAR
ACTION POTENTIAL
Erick B. Rios Perez, PhD, Fang Liu, PhD, Catherine A. Eichel,
PhD, David K. Jones, PhD and Gail A. Robertson, PhD. UW
Madison, Madison, WI
Background: The balance of the ion currents that generate
the ventricular action potential (AP) is crucial for proper heart
function. This balance depends on both the coordinated
expression of ion channel types and the fine regulation of
their function. However, mechanisms underlying this control
remains to be determined. We recently demonstrated that
mRNAs encoding hERG 1a and 1b subunits interact at the co-
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translational level (Liu et al., PNAS 2016 113 (17) 4859-4864),
and found preliminary evidence that such a mechanism might
regulate the coordinate biogenesis of multiple ion channel types.
Objective: To test the hypothesis that mRNA molecules
encoding ion channels underlying the ventricular action potential
interact co-translationally.
Methods and Results: Using RNA immunoprecipitation we
discovered an interaction among mRNAs encoding different
ion channels contributing to the ventricular AP. Indeed, using
an antibody specifically designed against the nascent hERG 1a
subunit, we co-purified hERG 1a, hERG1b, SCN5A, CACNA1C
and KCNQ1 mRNAs but not KCNE1, RYR2 and KCND2
transcripts heterologously expressed in HEK293 cells. The
same interactions were found with the corresponding species
from human cardiomyocytes derived from induced pluripotent
stem cells (IPSC-CMs) and human heart lysates. Furthermore,
specific silencing of hERG 1b in IPSC-CMs led to a decrease
of mRNA expression levels of hERG 1a, SCN5A, CACNA1C,
and KCNQ1 but not KCNE1, RYR2 and KCND2 measured by
RT-qPCR. Whole-cell patch-clamp recordings performed in
IPSC-CMs revealed that hERG 1b-specific silencing reduced
the magnitude of corresponding ion currents involved in the
ventricular AP including IKr, INa and ICa, but not IK1 and Ito.
Conclusion: Our results suggest that there is a subset of ion
channels whose transcripts interact co-translationally. The
“microtranslatome” may represent a novel mechanism by which
excitable cells control ion channel stoichiometry and coordinate
the activities of several channel types underlying the ventricular
action potential.

expressed with KCNIP2 (β = +1.47; P=2×10-34), which codes
for the beta subunit of the transient outward current (Ito). In WT
mice, expression of Hey2 and the Ito subunits Kcnip2 and Kcnd2
was significantly higher, and expression of Scn5a (encoding
INa) lower, in epi vs. endo of both LV and RV. Compared to
WT, Hey2+/- mice showed a decreased expression of the Ito
subunits Kcnip2 and Kcnd2, but no significant change in
Scn5a. Cardiomyocytes isolated from WT RV epi show lower
AP upstroke velocity, shorter AP duration, lower INa and higher
Ito as compared to WT RV endo, but these endo-epi gradients
were diminished in Hey2+/- mice which show decreased Ito and a
tendency towards increased INa in RV epi.
Conclusion: The previously identified BrS risk allele at
rs9388451 increases expression of HEY2 thereby impacting
on transmural expression and function of repolarizing and
depolarizing currents across the ventricular wall.

C-AB03-05

Background: In the heart, several transcription factors (TF) are
powerful regulators of cardiac cell fate and organogenesis. Less
well studied are the roles of TF in physiological functions, such
as the functional specialization of the ventricular conduction
system or the sequence of ventricular electrical activity. These
functions are intimately linked to the proper regulation of more
than a hundred ion channels. Changes in their expression
or function in a disease context affect action potentials and
are likely to be at the root of cardiac arrhythmias and sudden
death. Studies in mice highlighted a role for IRX5, an Iroquois
transcription factor, in cardiac electrical function; however its role
in human heart is still unknown.
Objective: We aimed to identify the role of IRX5 in the control of
generation and propagation of cardiac electrical impulse.
Methods: A single mutation in IRX5 gene in Human engenders
a severe syndrome named Hamamy syndrome with cardiac
electrical defects, including ventricular conduction delay (QRS
prolongation) and bradycardia. We reprogrammed somatic
cells from two Hamamy syndrome patients harboring two
different mutations in IRX5 and two family controls into induced
pluripotent stem (iPS) cells. These iPS cells were differentiated
into cardiomyocytes (hiPS-CMs) in order to perform large scale
molecular and electrophysiological analyses.
Results: In hiPS-CMs carrying IRX5 mutation, global
transcriptomic analysis unveiled variations in the expression
of major actors of cardiac electrical conduction. Importantly,
a reduction in sodium channel SCN5A was revealed, and
correlated with a reduction in the sodium current and a slower
action potential upstroke. Both IRX5 mutations are localized
in the homeodomain, crucial for protein/DNA interactions, and
consequently, we showed that IRX5 directly binds to SCN5A
promoter. Finally, we identified IRX3 and GATA4 as cofactors,
which might influence IRX5 target genes regulation.
Conclusion: Taken together, our findings uncovered a novel
mechanism for IRX5 in the regulation of several cardiac
electrical conduction genes in human cardiomyocytes, which
may help understanding the abnormal cardiac phenotype of the
Hamamy syndrome.

THE BRUGADA SYNDROME RISK ALLELE AT THE HEY2
LOCUS IMPACTS ON TRANSMURAL EXPRESSION AND
FUNCTION OF REPOLARIZING AND DEPOLARIZING
CURRENTS ACROSS THE VENTRICULAR WALL

Christiaan C. Veerman, MD, Svitlana Podliesna, MSc, Rafik
Tadros, MD, Arie O. Verkerk, PhD, Julien G. Barc, PhD,
Leander Beekman, BSc, Elisabeth M. Lodder, PhD, Carol Ann
Remme, PhD and Connie R. Bezzina, PhD. Academic Medical
Center, Amsterdam, Netherlands, Academic Medical Center,
Dept of Physiology, Amsterdam, Netherlands, Department
of Clinical and Experimental Cardiology, Academic Medical
Center, Amsterdam, Netherlands, Amsterdam Medical Center,
Amsterdam, Netherlands, Academic Medical Center, Dept of
Experimental Cardiology, Amsterdam, Netherlands
Background: Genome-wide association studies previously
identified an association of rs9388451 at chromosome 6q22.3
(near the HEY2 gene) with Brugada syndrome (BrS). The
mechanism underlying this association remained unclear.
Objective: To understand the functional basis of the observed
association at the HEY2 locus.
Methods: Expression quantitative trait loci (eQTL) analysis
performed in 190 human left ventricular samples from the
Genotype-Tissue Expression (GTEx) consortium was assessed
for cis-eQTL effects of rs9388451 and genome-wide coexpression analysis with HEY2. mRNA expression levels of ion
channel transcripts was quantified in subendocardium (endo)
and subepicardium (epi) of left (LV) and right (RV) ventricles
from Hey2 heterozygous knockout (Hey2+/-) and wildtype (WT)
mice. Action potential (AP) recordings and sodium (INa) and
transient outward potassium current (Ito) measurements were
performed in cardiomyocytes isolated from RV endo and epi in
Hey2+/- and WT.
Results: Cis-eQTL analysis revealed a significant association
between BrS risk allele dosage at rs9388451 and HEY2
expression (β = +0.159; P=0.0036). HEY2 was strongly co-

C-AB03-06
HAMAMY SYNDROME: DECIPHERING THE ROLE OF
IRX5 TRANSCRIPTION FACTOR IN THE REGULATION OF
HUMAN CARDIAC ELECTRICAL CONDUCTION

Zeina Reda Al Sayed, PhD, Emee Dominique Harkous, MASc,
Nicolas Jacob, MD, Carine Bonnard, PhD, Bruno Reversade,
PhD, Kazem Zibara, PhD, Guillaume Lamirault, MD, PhD,
Patricia Lemarchand, MD, PhD and Nathalie Gaborit, PhD.
Institut du Thorax, Nantes, France, Institute of Medical Biology
(IMB), A*STAR, Singapore, Singapore, Lebanese University,
Beirut, Lebanon
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C-AB04-01
A RISK SCORE MODEL FOR PREDICTING INTRAPROCEDURAL CARDIAC INJURY DURING IMPLANTABLE
CARDIOVERTER-DEFIBRILLATOR IMPLANTATION:
INSIGHTS FROM THE NATIONAL CARDIOVASCULAR DATA
REGISTRY
Santosh K. Padala, MD, Sampath Gunda, MD, Shleby Li, MD,
MSc, Paul D. Varosy, MD, FHRS, Jayanthi N. Koneru, MD and
Kenneth A. Ellenbogen, MD, FHRS. Virginia Commonwealth
University, Richmond, VA, Medtronic, Inc. Cardiac Rhythm &
Heart Failure Clinical Research & Reimbursement, Mounds
View, MN, Denver VAMC - University of Colorado, Denver, CO

Background: Individual predictors of intra-procedural cardiac
injury (cardiac perforation and tamponade) during ICD
implantation have been documented. However, prognostic
impact of their coexistence has not been explored.
Objective: To develop a risk score model to identify patients at
risk for intra-procedural cardiac injury.
Methods: We identified 438,679 patients from National
Cardiovascular Data Registry (NCDR) who underwent de novo
ICD implantation between 2010 and 2015, split randomly into
a trial set (n= 220,000), used for development of a risk score
model, and a validation set (n= 218,679). Logistic regression
analysis with stepwise selection was performed to identify
the predictors of cardiac injury and a risk-scoring model was
developed. Model discrimination was assessed by fitting a ROC
curve and calculating a C-statistic.
Results: There were no differences between the trial and
validation sets with regard to age, sex, and co-morbidities.
The risk of intra-procedural cardiac injury in the overall cohort
was 0.13%. Regression analysis yielded 7 variables (points in
parentheses) associated with cardiac injury; age >75 yrs (1),
female (1), BMI <18.5 kg/m2 (1), HTN (1), COPD (1), LBBB (1)
and continued warfarin use (1). Only prior history of CABG (-1)
was associated with reduced risk. A risk scoring system was
developed that had a good discrimination with a C-statistic of
0.72. The risk of intra-procedural cardiac injury increased with
increase in risk score from low risk (0.03%) to high risk (1.37%)
(Fig).
Conclusion: A practical risk score model can be used to stratify
patients into high and low risk groups for cardiac perforation or
tamponade prior to undergoing ICD implantation.
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C-AB04-02
ZERO DEVICE-RELATED INFECTIONS IN 4285 PATIENTYEARS OF FOLLOW-UP AFTER CARDIAC IMPLANTABLE
ELECTRONIC DEVICE REPLACEMENT COMBINED WITH
TOPIC GENTAMICIN-COLLAGEN SPONGE APPLICATION
Piotr Futyma, MD, Ryszard Głuszczyk, MD, Kamil Ciąpała, MD
and Marian Futyma, MD. St. Joseph’s Heart Centre, Rzeszów,
Poland
Background: Infection rates related with cardiac implantable
electronic devices (CIEDs) and the number of device
implantations are constantly increasing. Additionally, CIEDs
reimplantations are considered of higher risk of infection than
primary implants. Methods that would be of value in preventing
CIED-related infections are sought.
Objective: To determine the feasibility of a topic gentamicincollagen sponge (GCS) application at the time of CIED
replacement and its impact on CIED-related infection rates.
Methods: We analyzed the data from a single-center registry
of consecutive 1266 patients undergoing CIEDs replacements
combined with a topic GCS application. Patients after previous
CIED-related or systemic infection were excluded.
Results: GCS application into device pocket at the time of
reimplantation was performed in all 1266 patients. The followup lasted 3,5 ± 2,7 years. 35 patients were lost to follow-up.
Battery depletion was the main indication for the procedure
(95,3%). Other indications included: CIED upgrade (2,4%),
CIED dysfunction (1,5%), lead reposition (0,7%) and pocket
revision (0,1%). There was no CIED-related endocarditis during
the follow-up. One non-CIED-related aortic valve endocarditis
occurred in a patient with severe aortic stenosis. Early local
complications included impaired wound healing in 19 patients of
which 8 required intervention (pocket revision in 7 cases and one
fluid drainage). Periprocedural microbiological testing of surgical
wound was positive in 3 cases (Staphylococcus species). After
8 months, one late pocket edema requiring diagnostic surgical
intervention, with negative microbiological testing and no need
for CIED extraction, was found. There was no pocket infection
requiring CIED extraction.
Conclusion: A topic GMS application at the time of CIED
replacement is feasible and may extremely reduce the number of
device-related infections. These findings require confirmation in
further prospective studies.

C-AB04-03
ASSOCIATION BETWEEN OBSTRUCTIVE SLEEP
APNEA AND ALL-CAUSE MORTALITY IN PATIENTS
RECEIVING CARDIAC RESYNCHRONIZATION THERAPY: A
RETROSPECTIVE COHORT STUDY
Ghanshyam Palamaner Subash Shantha, MD, MPH, Hardik
Doshi, MBBS, Siva Krothapalli, MBBS, Gopi Dandamudi, MD,
FHRS, Mary S. Vaughan Sarrazin, PhD and Michael C. Giudici,
MD. University of Iowa Hospitals and Clinics, Iowa City, IA,
Indiana University, Indianapolis, IN, University of Iowa College
of Medicine, Iowa City, IA, University of Iowa, Iowa City, IA

Background: Obstructive sleep apnea (OSA) is highly prevalent
in patients with advanced heart failure and predicts survival in
these patients. However, the role of OSA in patients receiving
cardiac resynchronization therapy (CRT) is not known.
Objective: Using a retrospective cohort analysis we assessed
the association between OSA and all-cause mortality in patients
receiving CRT.
Methods: We analyzed records of 281 consecutive patients
(mean age 65 ± 13 years, 176 M/105 F, mean period of followup: 42 ± 15 months) who received a BiV device between 2007
and 2014 at our tertiary care referral center.
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Results: 90 (33%) patients had OSA diagnosis. 72 patients
(26%) died by the end of follow-up. In unadjusted Cox regression
analysis, OSA diagnosis significantly increased risk of all-cause
mortality (HR: 3.6, 95% CI: 2.1 - 6.2, P < 0.001) (Figure). When
adjusted for non-modifiable risk factors such as age and gender,
the increased risk of all-cause mortality with OSA diagnosis
persisted (HR: 4.1, 95% CI: 2.4 - 7.0, P < 0.001). In addition,
when adjusted for co-morbid conditions known to affect mortality
in patients receiving CRT namely: chronic kidney disease,
obesity and atrial fibrillation diagnosis, the association between
OSA and increased risk for all-cause mortality persisted (HR:
4.0, 95% CI: 2.3 - 7.0, P < 0.001). In addition, when adjusted
for percentage BiV paced > 90% coded as categorical variable,
association between OSA and increased risk for all-cause
mortality remained robust (HR: 4.3, 95% CI: 2.4 - 7.6, P <
0.001).
Conclusion: OSA is independently associated with an increased
risk for all-cause mortality among patients receiving CRT
therapy.

parameters were combined together for analysis, the “optimal
set” (lower rate interval (40 bpm vs >40bpm for single, 50 bpm
vs >50 bpm for dual and CRT), EGM pre-storage (on vs off) and
pacing mode (rate response on vs off)) resulted in a significant
prolongation in device longevity in both the single chamber and
CRT devices but not in the dual chamber devices (figure).
Conclusion: In a large real-world ICD/CRT population,
optimizing EGM pre-storage, rate response, and lower rate
programming significantly impact device longevity in both single
chamber and CRT devices but not in dual chamber devices.

C-AB04-05
C-AB04-04
OPTIMIZING PROGRAMMED PARAMETERS
SIGNIFICANTLY INCREASES IMPLANTABLE
CARDIOVERTER-DEFIBRILLATOR LONGEVITY

Matthew T. Bennett, MD, FHRS, Amisha S. Patel, MS, Tracy
Bergemann, PhD, Heather McNish, RN, Jason G. Andrade,
MD, Andrew Krahn, MD, FHRS and Nathaniel Hawkins, MD.
University of British Columbia, Vancouver, BC, Canada,
Medtronic, Inc., Mounds View, MN
Background: ICD parameters (e.g. pacing rate/mode/output,
threshold and type of anti-tachycardia therapy) are primarily
changed to optimize patient outcomes. Our previous analysis
from a derivation cohort showed increases in device longevity
with changes in lower rate interval, EGM pre-storage and pacing
mode.
Objective: In this validation cohort, we evaluated the relative
impact of both the individual and combined adjustable
programming parameters on ICD longevity.
Methods: All patients with Medtronic Virtuoso ICDs or CRTs
under remote follow-up with no change in programming
parameters or premature removal for non-ERI reasons were
included. Device programming, replacement date, death, or
data censor date (21-Jan-2016) was analyzed. Univariate
logrank tests were performed for both individually and combined
programming parameters.
Results: This validation cohort included 60,325 patients (10,756
single chamber, 23,904 dual chamber and 25,665 CRT patients;
implanted date: 11/2006 to 01/2011). 2663 patients (2.9%) were
excluded due to programming changes. When programming

PRESENCE OF AN ICD IN VAD PATIENTS WITH PRE-VAD
IMPLANT VENTRICULAR TACHYCARDIA IS ASSOCIATED
WITH INCREASED SURVIVAL

Brian D. Greet, MD, Deep Pujara, MBBS, Indranill Basu Ray,
MD, David Burkland, MD, Mark Pollet, MD, Deepthi Sudhakar,
MD, Francia Rojas, MD, Briana Costello, MD, Alexander
Postalian, MD, Benjamin Jenny, MD, Carol Lai, MD, Kenneth
Igbalode, MD, Krishna Katikitala, MD, Divesh Wadhera, MD,
Masahiro Ono, MD, Jeffrey Morgan, MD, Leo Simpson, MD,
Andrew Civitello, MD, Jie Cheng, MD, PHD, FHRS and Nilesh
Mathuria, MD. Baylor College of Medicine/Texas Heart Institute,
Houston, TX, Baylor College of Medicine, Houston, TX, Texas
Heart Institute at St. Lukes Episcopal Hospital and Baylor
Univ, Houston, TX, St. Luke’s Episcopal Hospital/Texas Heart
Institute, Houston, TX
Background: Despite a high incidence of ventricular tachycardia
(VT), the benefit of implantable cardioverter defibrillators (ICD)
in patients who have undergone ventricular assist device (VAD)
implantation remains controversial.
Objective: To assess the role of ICD therapy in those with
documented ventricular arrhythmia prior to VAD implantation.
Methods: Throughout a fifteen-year period from January 2000 to
April 2015, 517 patients who underwent implantation with a VAD
were retrospectively analyzed. Those patients who had an ICD
present were compared to those who did not.
Results: 445 (86%) patients had an ICD. Of those with a prior
history of ventricular tachycardia (VT), 160 had ICDs versus 6
who did not.
Those with a history of ventricular tachycardia prior to VAD
implantation had a statistically significant difference in mortality
rate at one year (p=0.0198, Figure A). Patients who received a
VAD and had an ICD compared to those without an ICD had an
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overall trend toward reduction in mortality at one year (p=0.0702,
Figure B). There remained no difference in outcomes at four
years (p=0.3224). There were no substantial differences in
those VAD patients with and without an ICD who had an ejection
fraction of less than thirty (p=0.1168) or those with a ventricular
arrhythmic event less than thirty days after VAD implantation
(p=0.1341).
Conclusion: This study examines the largest cohort of VAD
patients with ICDs to date. Findings suggest a reduction in
mortality in those VAD patients with a history of VT who have an
ICD. Furthermore, there was an overall trend towards decreased
mortality at one year in all VAD patients who had an ICD.
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Background: Large studies to analyze trends of short term
clinical outcomes in Transvenous Lead Removal (TLR) in heart
failure (HF) patients are not available.
Objective: To analyze trends of post procedural complications,
inpatient morbidity and mortality in Infectious indications vs noninfectious indications of TLR procedures in HF patients.
Methods: Healthcare Cost and Utilization Project’s Nationwide
Inpatient Sample was used to identify TLR, HF, sepsis and
complications using ICD 9-CM procedure and diagnosis codes
from 2004 to 2013. Only patients aged 18 years and greater
were included. Hierarchical mixed effects logistic regression
models were used to identify independent predictors of outcome.
Results: A total of 100101 TLR procedures were identified in HF
patients (Age 68.21±0.1, male 68.74% and Caucasian 62.83%).
Sepsis related admissions were 17402 (Age 65.44±0.2, male
71.99%). Higher inpatient mortality was noted in sepsis related
TLR compared to non-sepsis (11.4% vs 1.57%, P<0.001). Total
complication (post procedural and inpatient morbidity) rate
was higher in TLR with sepsis (33.2% vs 14.11%, p<0.001). In
a multivariate model, sepsis related TLR had higher inpatient
mortality (OR 7.75, 95% CI 6.42- 9.34, P<0.001) and total
complications (OR 2.54, 95% CI 2.31-2.79, P<0.001). The trend
of inpatient mortality and total complications is shown in graph.
Conclusion: Infection as an indication for TLR is significantly
associated with higher inpatient mortality and post procedural
complications in HF patients. There is downward trend on
mortality but total complications are increasing over the last 10
years in the US.
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C-AB05-01
TRENDS OF SHORT TERM CLINICAL OUTCOMES IN
SEPSIS RELATED ADMISSION IN TRANSVENOUS LEAD
REMOVAL IN HEART FAILURE PATIENTS FROM 2004 TO
2013: NATIONWIDE ANALYSIS

Parshva Patel, MD, Abhishek Deshmukh, MD, Farhan
Hasni, MD, Heath E. Saltzman, MD, Apurva Badheka, MD,
Nileshkumar J. Patel, MBBS, Yong Mei Cha, MD, Paul A.
Friedman, MD, FHRS, Samuel J. Asirvatham, MD, FHRS and
Steven P. Kutalek, MD. Drexel University College of Medicine,
Philadelphia, PA, Mayo Clinic, Rochester, MN, Drexel University
College of Medicine, Division of Cardiology, Philadelphia,
PA, Everett Clinic, Everett, WA, University of Miami/Jackson
Memorial Hospital, Miami, FL

C-AB05-03
LEAD EXTRACTION AND MORTALITY IN DIALYSIS
PATIENTS WITH INFECTED CARDIAC DEVICES

Ayman A. Hussein, MD, Khaldoun G. Tarakji, MD, MPH, Amr
Barakat, MD, Walid I. Saliba, MD, FHRS, Michael P. Brunner,
MD, David O. Martin, MD, MPH, Mohamed Kanj, MD, Bryan
Baranowski, MD, Daniel J. Cantillon, MD, Mark J. Niebauer, MD,
Thomas D. Callahan, MD, Thomas J. Dresing, MD, Bruce D.
Lindsay, MD, Bruce L. Wilkoff, MD and Oussama M. Wazni, MD.
Cleveland Clinic Foundation, Cleveland, OH, Cleveland Clinic,
Cleveland, OH, Cleveland Clinic, Cardiovascular Medicine,
Cleveland, OH
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Background: Cardiac implantable electronic device (CIED)
infections have been on the rise. A particularlly high risk
population is that of CIED patients with renal disease, especially
dialysis. Little is known about transvenous lead extraction (TLE)
and mortality in this setting.
Objective: To assess TLE extraction procedural profiles and
clinical outcomes in CIED infection based on renal disease
status.
Methods: In a prospectively maintained registry of 1420
consecutive patients undergoing TLE of infected CIED at our
institution (1996-2012), we assessed the procedural profiles
and clinical outcomes in 3 groups: normal renal function (Group
1, n=1159), renal dysfunction not requiring dialysis (Group 2,
n=163) and dialysis patients (Group 3, n=98).
Results: A total of 3182 infected leads were extracted (702
defibrillator, 2480 pacer, median 2 leads per patient in all
groups). The lead dwell times were shorter in dialysis patients
(2810 days vs. 3830 and 3338 in groups 1 and 2, p=0.005)
and less likely to require TLE tools (31% vs. 14 and 16% in
groups 1 and 2, p=0.002) but as likely to require rescue femoral
workstations (p=0.2). The TLE procedures were shorter in
dialysis patients (108 minutes vs. 130 and 118 in groups 1 and
2, p=0.0001) but with similar radiation dose (p=0.6). There were
no differences in complication rates in the study groups (p=0.1,
true for major and minor). The TLE clinical success rates were
94%, 96% and 94% in groups 1 to 3, respectively (p=0.5).
There were 4 intra-procedural deaths in Group 1 vs. none in
groups 2 and 3. Importantly, the mortality rates were significantly
higher in dialysis patients both at 1 month (18% vs. 2 and 4% in
groups 1 and 2, p<0.0001) and 6 months (33% vs. 8 and 14%
in groups 1 and 2, p<0.0001). In multivariable Cox analyses,
dialysis status was independently associated with increased
mortality risk at 1 and 6 months. Other factors found to be
associated with mortality risk in multivariable analyses were lead
material retention, NYHA class and occurrence of procedural
complications.
Conclusion: In patients with CIED infection, dialysis status
did not seem to add complexity to TLE but was independently
associated with significantly increased mortality at 1 and 6
months.

C-AB05-04
RACIAL AND ETHNIC DISPARITIES ASSOCIATED WITH
THE MANAGEMENT OF PATIENTS WITH CARDIAC
DEVICE-RELATED INFECTIONS

Yasser Rodriguez, MD, Francisco Irizarry, BS and Roger G.
Carrillo, MD, MBA, FHRS. University of Pittsburgh, Pittsburgh,
PA, Florida International University School of Medicine, Miami,
FL, University of Miami Hospital, Miami, FL
Background: The rate of cardiovascular implantable electronic
device infections (CIEDIs) has mirrored or exceeded the
increased use of implantable cardiac devices in the United
States. The presence of racial and ethnic disparities associated
with CIEDIs has not been published.
Objective: To describe the presence of racial and ethnic
disparities with respect to the management of CIEDIs.
Methods: We reviewed a prospective single-center registry
for patients undergoing removal of an implantable cardiac
device between 1/2004 and 1/2016. 1,173 consecutive patients
underwent device extraction. 699 patients were identified as
having an infection, 305 were identified as Caucasian and
394 were minorities (91 African Americans, 303 Hispanics).
Patients had pre-operative transesophageal echocardiograms
and collection of blood and exudate cultures. All underwent
complete hardware extraction; leads were removed through
the use of locking stylets and traction or laser extraction.

En-bloc capsulectomy was performed with intraoperative
specimen collection from pocket tissue, exudate, lead tips, and
vegetations.
Results: Minority patients were: younger (67.9±14.5y vs
72.4±13.2y), had a higher proportion of male gender, diabetes,
and chronic renal failure (p<.001). Minorities experienced a
higher rate of complications during extraction and a longer
hospitalization (table 1). There was no significant difference
between the proportion of types of infection or microbes.
Conclusion: Minority patients with CIEDIs experienced
more procedural complications during extraction and had a
significantly longer length of hospitalization than Caucasian
patients.

C-AB05-05
TRANSVENOUS LEAD EXTRACTION DURING
UNINTERRUPTED WARFARIN THERAPY

Qi Zheng, MD, MSc, Ammar M. Killu, MBBS, Roy M. John, MD,
PhD, Melanie Maytin, MD, Christine Pellegrini, RN, MSN and
Laurence M. Epstein, MD. Brigham and Women’s Hospital,
Boston, MA, Mayo Clinic, Rochester, MN, Brigham and
Women’s Hospital - Cardiac Arrhythmia Service, Boston, MA,
Boston Univ Medical Center; Brigham and Women’s Hospital,
Boston, MA
Background: Uninterrupted anticoagulation therapy is important
for patients at high risk of thromboembolic events. Bridging
therapy with heparin or lovenox increases the risk of hematoma
and infection. There is no published data on the feasibility or
safety of patients undergoing transvenous lead extraction (TLE)
during uninterrupted anticoagulation therapy.
Objective: This study aims to examine the feasibility and safety
of TLE during uninterrupted warfarin therapy with therapeutic
international normalized ratio (INR).
Methods: We performed a retrospective study of patients
undergoing TLE while on uninterrupted warfarin therapy with INR
>=2 at a tertiary high-volume medical center.
Results: Between March 2011 and December 2016, a total of
629 patients underwent TLE. Of these 62 patients underwent
TLE during uninterrupted warfarin therapy with therapeutic INR
(mean 2.5 +/- 0.5, range 2.0 to 4.5). The cohort was 85% male,
with a mean age of 65 yrs (range 26 to 85), CHA2DS2-VASc
score of 3.4 +/- 1.6, and a left ventricular ejection fraction of
41+/-16%. A total of 114 of 116 (98.3%) leads were completely
removed with success. These include 45 (38.4%) defibrillator
leads of average duration 7.8 +/- 3.7 yrs old (range 1.9 to 19.7);
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65 (55.6%) pace-sense leads of average duration 10.5 +/- 6.6
yrs old (range 0.07 to 24.6); and 6 (5.2%) coronary sinus lead
of average duration 5.5 +/- 3.4 yrs old (range 0.4 to 10.0).
Indication for anticoagulation includes atrial fibrillation/atrial
flutter (47 pts), mechanical valves (15 pts), pulmonary emboli
(5 pts), deep vein thrombosis (5 pts), ventricular assist device
(5 pts) and lead thrombus (1 pt); a patient may have more than
one indication for anticoagulation. Two patients had procedure
related complications: 1 small pericardial effusion that resolved
spontaneously, and 1 femoral vein tear, due to extraction of a
large mass of a disrupted ICD lead, requiring vascular repair.
One patient expired 8 days post TLE due to overwhelming
sepsis that was the indication for extraction. There was no
complication requiring intervention related to uninterrupted
anticoagulation.
Conclusion: Transvenous lead extraction can be performed
safely during uninterrupted warfarin therapy with therapeutic INR
by experienced operators.

C-AB05-06
TRANSVENOUS LEAD EXTRACTION IN PATIENTS WITH
ARRHYTHMOGENIC RIGHT VENTRICULAR DYSPLASIA

Amr F. Barakat, MD, Khaldoun G. Tarakji, MD, Karim Abdur
Rehman, MD, Shailee Shah, MD, David O. Martin, MD, MPH,
Michael P. Brunner, MD, Walid I. Saliba, MD, FHRS, Mohamed
Kanj, MD, Bryan Baranowski, MD, Daniel J. Cantillon, MD, Mark
J. Niebauer, MD, Thomas D. Callahan, MD, Thomas J. Dresing,
MD, Bruce D. Lindsay, MD, Bruce L. Wilkoff, MD, Oussama
M. Wazni, MD and Ayman A. Hussein, MD. Cleveland Clinic
Foundation, Cleveland, OH, Cleveland Clinic, Cleveland, OH,
Cleveland Clinic, Cardiovascular Medicine, Cleveland, OH
Background: Arrhythmogenic right ventricular dysplasia (ARVD)
is an increasingly diagnosed cardiomyopathy often requiring
device implant to prevent sudden death. Little is known about
transvenous lead extraction (TLE) in this setting with potential
challenges and risks, primarily due to RV wall thinning.
Objective: To study the safety and feasibility of TLE in ARVD
patients.
Methods: All consecutive ARVD patients undergoing TLE at
our institution between 1996 and 2016 were included. Gentle
manual traction over a stylet was attempted first and followed
by powered tools, as applicable. When extraction tools were
used, sheaths were advanced to the RV with counter-traction
at the lead tip. Success and complications were defined in
concordance with HRS guidelines.
Results: Twenty-two TLE procedures in ARVD patients
involved extraction of 27 leads (22 defibrillator and 5 pacer).
In 16 patients (73%), TLEs were performed due to evidence
of lead malfunction (8 had lead fracture, 4 had noise on ICD
leads, 3 had insulation failure, 1 had poor sensing and capture).
Other indications were device infection (n=5, 23%) and to
avoid abandoning leads at the time of device upgrade (n=1).
Twenty-four leads (89%) were right ventricular and 3 leads
(11%) were right atrial. The median age of the oldest extracted
lead was 1691 (1168-2726) days. Specialized extraction tools
were required in 17 procedures (77%), all needed laser sheaths
and locking stylets. One procedure required a mechanical
dilator sheath. None required the use of a snare or a femoral
workstation. The median procedural and fluoroscopic times
were 152 (129-185) minutes and 11 (6-18) minutes respectively.
Complete procedural success with removal of all leads was
achieved in all cases. There were no major complications. One
procedure was complicated by moderate air embolism resulting
in transient hypoxia and hypotension with no residual effect.
Conclusion: When performed in a high-volume center and by
experienced operators, transvenous lead extraction in ARVD
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patients is associated with high success rate and low rate of
complications. Countertraction at the lead tip is important in this
population to avoid complications.

ABSTRACT C-AB06:
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C-AB06-01
POST HOSPITAL DISCHARGE PRESENTATION WITH
COMPLETE HEART BLOCK IN PATIENTS UNDERGOING
TAVR WITH LATEST GENERATION VALVES

Amneet Sandhu, MD, Wendy S. Tzou, MD, FHRS, Lucas
Marzec, MD, Matthew M. Zipse, MD, Joseph L. Schuller,
MD, Christine Tompkins, MD, Michael A. Rosenberg, MD,
Duy T. Nguyen, MD, FHRS, William H. Sauer, MD, FHRS,
John Messenger, MD, John Carroll, MD and Ryan G. Aleong,
MD, FHRS. University of Colorado, Aurora, CO, University of
Colorado Hospital, Denver, CO, University of Colorado Hospital,
Aurora, CO, University of Colorado Denver, Aurora, CO,
University of Rochester, Rochester, NY
Background: With rapid advancement in valve technology,
little is known regarding the risk of development of heart block
after discharge with the newest generation valves used for the
transcatheter aortic valve replacement (TAVR).
Objective: We report inpatient and post-discharge pacemaker
implantation rates with newest generation TAVR systems,
approved by the FDA in the summer of 2015.
Methods: We evaluated all patients undergoing implantation
of Edwards Sapien 3® and Medtronic Evolut-R® valves at
our institution. We determined the rate of inpatient pacemaker
implantation post-TAVR focusing on patients who presented with
heart block after discharge.
Results: From July 2015 to November 2016, 158 patients
underwent TAVR of which 103 (65%) and 55 (35%) received
Sapien 3® and Evolut-R® systems, respectively. Of patients
undergoing Sapien 3® implantation, 9 (8.7%) required inpatient
pacemaker placement compared to 14 (25%) patients that
received the Evolut-R® valve. Four patients re-presented
with late high-grade AV block following uncomplicated TAVR
procedures (Sapien 3®: 3, Evolut-R®: 1; Figure). All had
unchanged pre and post-TAVR ECGs with normal QRS
intervals on discharge. The average time to presentation postprocedure was 9 days (range 8-10). Three patients received
prompt treatment with a pacemaker and 1 died from intracranial
hemorrhage as a result of syncope from heart block.
Conclusion: The newest generation TAVR systems, Sapien
3® and Evolut-R®, were associated with a significant risk of inhospital and post-discharge heart block. Importantly, in-hospital
rhythm monitoring may not be sufficient to capture all patients at
risk of heart block after valve implantation.
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C-AB06-02
LONG-TERM FOLLOW-UP OF PACING LEAD-RELATED
TRICUSPID REGURGITATION: RESULTS FROM A
RANDOMIZED PROSPECTIVE TRIAL

John W. Schleifer, MD, Sorin V. Pislaru, MD, PhD, Grace Lin,
MD, Brian D. Powell, MD, FHRS, Raul Espinosa, MD, Celeste
Koestler, MSN, NP, RN, Trena Thome, BS, Lynn Polk, BSN,
Zhuo Li, MS, Samuel J. Asirvatham, MD, FHRS and YongMei Cha, MD, FHRS. Mayo Clinic Rochester, Rochester, MN,
Sanger Heart & Vascular Institute, Charlotte, NC, Mayo Clinic,
Rochester, MN, Mayo Clinic Florida, Jacksonville, FL
Background: Severe pacing lead-related tricuspid regurgitation
(TR) can cause right ventricular failure requiring surgical
intervention, but its progression over time is unclear.
Objective: To determine the risk of progression of pacing leadrelated TR over time.
Methods: One hundred seven patients were enrolled; 66
received pacemakers and were randomized to right ventricular
apical, septal, or coronary sinus lead positions; 48 received
defibrillators. Patients with preexisting moderate or greater
TR were excluded. Prospective clinical assessments and
transthoracic echocardiograms (TTE) occurred prior to, 24 hours
after, and 12 months after device implantation; then as clinically
indicated.
Results: TTEs were obtained in 107 patients 24 hours after
device implantation, 96 patients after 12 months, and 61 patients
beyond 18 months. Mean follow-up was 2.26 ± 1.67 years
(maximum 5.86 years). Worsening TR was observed at 24 hours
in 17 (15.9%) patients but did not correlate with TR progression
(p = 0.660). TR severity at 12 months was mild-moderate in 8
(8.3%), moderate in 4 (4.2%), and moderate-severe in 1 (1.0%);
at last clinical follow-up, there were 3 (2.6%) patients with
moderate and 2 (1.8%) with moderate severe TR (see figure).
No patient developed severe or symptomatic TR. Univariate
logistic regression analysis found no risk factors for TR among
different lead positions (p = 0.550), lead diameter (p = 1.00), age
(p = 0.806), LV ejection fraction (p = 0.633), RV function (p =
0.757), and >40% ventricular pacing (p = 0.666).
Conclusion: In patients with no prior valve disease, TR following
pacemaker implantation is unlikely to progress to a severe
symptomatic degree.

C-AB06-03
COMPLICATIONS AFTER IMPLANTATION OF THE REVEAL
LINQ™ INSERTABLE CARDIAC MONITOR; RESULTS FROM
THE LOOP STUDY WITH 1420 DEVICE IMPLANTS
Søren Zöga Diederichsen, MD, Ketil Jørgen Haugan, MD,
PhD, Lars Køber, MD, DMSc, Søren Højberg, MD, PhD, Axel
Brandes, MD, DMSc, Kenneth Bruun Pedersen, MD, PhD,
Claus Graff, PhD, Derk Krieger, MD, DMSc and Jesper Hastrup
Svendsen, MD, DMSc. The Heart Center, Rigshospitalet,
Copenhagen University Hospital, Copenhagen, Denmark,

Department of Cardiology, Zealand University Hospital,
Roskilde AND The Heart Center, Rigshospitalet, Copenhagen
University Hospital, Copenhagen, Denmark, The Heart
Center, Rigshospitalet, Copenhagen University Hospital AND
Department of Clinical Medicine, Faculty of Health and Medical
Sciences, University of Copenhagen, Copenhagen, Denmark,
Department of Cardiology, Bispebjerg Hospital, Copenhagen
University Hospital, Copenhagen, Denmark, Department of
Cardiology, Odense University Hospital, and Department of
Clinical Research, University of Southern Denmark, Odense,
Denmark, Department of Health Science and Technology,
Aalborg University, Aalborg, Denmark, Mediclinic City Hospital,
Dubai, United Arabic Emirates AND University Hospital
Zurich, Zurich, Switzerland, The Heart Center, Rigshospitalet,
Copenhagen University Hospital AND Department of Clinical
Medicine, Faculty of Health and Medical Sciences, University of
Copenhagen AND The Danish National Research Foundation
Center for Cardiac Arrhythmia, Copenhagen, Denmark
Background: Insertable cardiac monitors (ICM) are leadless
devices utilized in long-term monitoring of the heart rhythm.
ICMs have undergone improvements in technical features and
design, and the implant procedure of the new generation-ICMs
is minimally invasive and requires little resources. An increasing
number of patients receive these devices, but little experience
exists regarding complications after insertion.
Objective: To investigate adverse events (AE) after insertion of
a large number of Reveal LINQ™ devices in a real-world setting.
Methods: The study population consisted of patients
randomized to receive ICM in a large multi-center trial. The
Medtronic Reveal LINQ™ ICM was implanted using provided
insertion tools, either in an electrophysiology laboratory
or outpatient procedure room. If device sensing in the first
subcutaneous position was insufficient, an alternative position
was tested. Method of wound closure and periprocedural
antibiotics was decided at the attending physician’s discretion.
Patients were urged to contact the local center if they suspected
any AE; e.g. bleeding, haematoma, pain, infection or pocket
erosion. Furthermore, follow-up consisted of evaluation of all
medical records from hospital and outpatient visits, daily remote
monitoring and planned study visits. Serious AEs were AEs
requiring explantation.
Results: From March 2014 to July 2016, 1420 patients received
an ICM, 753 (53%) in a procedure room and 667 (47%) in an
electrophysiology laboratory. During median follow-up of 450
days, 15 (1.13%) and 9 (0.63%) patients experienced minor and
serious AEs, respectively. In group-wise comparisons, exact
tests revealed no differences whether periprocedural antibiotics
were given, or the incision was sutured or not. Patients
undergoing implantation in a procedure room had significantly
more infections (12 (1.6%) vs. 1 (0.1%), p=0.004), though no
differences were seen in serious AEs (7 (0.9%) vs. 2 (0.3%),
p=0.19). The 38 patients in whom more than one device position
was tested had a significantly higher frequency of serious AEs (3
(7.9%) vs. 6 (0.4%), p=0.001).
Conclusion: The Reveal LINQ™ ICM can be inserted
with a very low risk of complications, both in a traditional
electrophysiology laboratory setting and in a procedure room.

C-AB06-04
SUCCESS AND COMPLICATION RATES OF LEADEXTRACTION WITH THE FIRST VERSUS THE SECOND
GENERATION EVOLUTION MECHANICAL SHEATH

Peter Paul Delnoy, MD, PhD, Olivier Witte, MD, Ahmet
Adiyaman, MD, PhD, Jaap Jan Smit, MD, PhD, Anand Ramdat
Misier, MD, PhD, Arif Elvan, MD, PhD and Abdul Ghani, MD,
PhD. Isala, Zwolle, Netherlands
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Background: The Evolution sheath (Cook, USA) is a power
sheath frequently used for chronic lead extraction. In 2013 a
novel type (bidirectional) of Evolution sheath (the RL type) was
introduced.
Objective: We evaluated differences in success and
complication rates of the two types.
Methods: From 2009-2015 all lead extractions requiring the use
of an Evolution sheath were prospectively examined. According
to the current guidelines, complete procedural success was
defined as the removal of all targeted lead material. Clinical
success was the retention of a small portion of the lead and
failure was the inability to achieve either complete procedural
or clinical success, or the development of any permanently
disabling complication.
Results: The Evolution sheath was used to extract 149 leads in
103 patients. The first 56 leads were extracted with the original
uni-directional sheath, and 93 leads were extracted with the
novel bi-directional R/L type. The median age of the lead at
time of extraction was 6.8 years versus 9.1 years (P=0.007).
Complete procedural success was higher for the Evolution R/L
(80.0% versus 98%, P=0.0004). Clinical success rate was 98%
versus 99%. There were no major complications and 6 (12.0%)
versus 2 (3.8%) minor complications (P=0.153). We did not
observe changes in success rates or complications over time,
meaning that the difference can’t be explained by learning curve.
Conclusion: Use of the novel Evolution R/L sheath versus the
original Evolution sheath was associated with significant higher
complete success rates, without major complications and with a
trend towards reduction of minor complications.

C-AB06-06
MULTIPLE PROCEDURES INCREASE THE RISK OF
INFECTION BUT NOT MECHANICAL COMPLICATIONS
IN PATIENTS WITH IMPLANTABLE CARDIAC
DEFIBRILLATORS

Jayanthi N. Koneru, MBBS, Eric Hammill, BS, Paul W. Jones,
MS, Nicholas Wold, MS and Kenneth A. Ellenbogen, MD,
FHRS. Virginia Commonwealth University Medical Center,
Richmond, VA, Boston Scientific, Marlborough, MA, Medical
College of Virginia, Richmond, VA
Background: Complication rates are increased after
replacement or revision procedures compared to de novo
device implants, however the effect of multiple revisions is less
understood.
Objective: We sought to evaluate the effect of multiple device
procedures on complication rates in a large private payer
database.
Methods: Patients with de novo ICD or CRT-D implants between
2002-2015 were identified using standard ICD-9 and CPT
codes from a large US private payer database (Optum Labs).
Complications were defined as repeat device procedures with
a diagnosis code for mechanical lead complication or infection.
Demographics were identified from claims in the year prior to
de novo implant. Risk of either complication was estimated in a
time-varying multivariate model including baseline characteristics
and the number of device procedures.
Results: Outcomes from 40,837 ICD patients (12,300 CRT-D;
62 ± 12 years; 73% male; 35% AF/Afl; 39% prior MI) with
mean follow up of 2.3 ± 2.2 years (range: 0.0 to 12.1 years)
were analyzed. Mechanical lead complications occurred
in 2,165 patients, with a 10-year event free rate of 74%.
Infections occurred in 771 patients, with a 10-year infection
free rate of 93%. Hazard ratios of event risk occurring after 1,
2, 3, or 4+ procedures relative to event risk after only the de
novo procedure found infection risk increases up to HR 6.86
(p<0.001), while this effect was not significant for mechanical
lead complications.
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Conclusion: In a large claims database, the risk of infection, but
not mechanical lead complication, increased with each additional
device procedure. Unwarranted device procedures have
unacceptable complication rates and outcomes.
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C-AB07-01
RISK STRATIFICATION OF VENTRICULAR
TACHYARRHYTHMIAS IN NONISCHEMIC
CARDIOMYOPATHY

Wojciech Zareba, MD, PhD, Scott McNitt, MS, Jean-Philippe
Y. Couderc, PhD, Barbara Szepietowska, MD, PhD, Pyotr G.
Platonov, MD, PhD, Valentina Kutyifa, MD, PhD and Arthur J.
Moss, MD. University of Rochester Medical Center, Rochester,
NY, Univ of Rochester, Rochester, NY, Lund University, Lund,
Sweden
Background: Recent data from the DANISH ICD trial showed
lack of significant mortality reduction in ICD patients with
nonischemic cardiomyopathy (NICM) and ejection fraction ≤35%
when compared to non-ICD patients.
Objective: We aimed to evaluate risk stratifies for predicting fast
VT> 200 bpm or VF requiring ICD treatment in NICM enrolled in
the MADIT-CRT trial.
Methods: There were 416 NICM patients in NYHA class II with
QRS ≥130 ms randomized to CRT-D who had a 24-hour Holter
ECG recording obtained prior to device implantation. VT>200
bpm or VF was defined as the endpoints for the analyses. Risk
stratification models included clinical variables (age, gender,
diabetes, hypertension, smoking, BMI, BUN, GFR, QRS
duration, Non-LBBB QRS morphology), echocardiographic
variables (left ventricular systolic volume index [LVESVi]
dichotomized at median value), and presence of nonsustained
ventricular tachycardia (NSVT) on pre-implantation Holter.
Results: Presence of NSVT on pre-implantation Holter
(observed in 194 [47%] patients) was associated with hazard
ratio of 2.59 (p=0.004), enlarged LVESVi >86 ml/m2 was
associated with hazard ratio of 2.42 (p=0.007), and Non-LBBB
QRS morphology (observed in 44 (11%) patients) with hazard
ratio of 4.00 (p<0.001) in a multivariate model predicting fast
VT>200 bpm or VF. Based on these data, we propose the
following risk stratification strategy in NICM patients with
QRS ≥130 ms (3-year risk of VT>200 bpm or VF and death,
respectively, is provided in parentheses) : 1) LBBB patients with
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NSVT or large LV should receive CRT-D device (n=257; VT/
VF: 11%, death 5%); 2) LBBB without NSVT and without large
LV could be considered for CRT-P device (n=109; VT/VF: 4%,
death: 3%); 3) Non-LBBB regardless of NSVT or LV size should
receive ICD (n=44; VT/VF: 25%, death: 11%).
Conclusion: VT/VF risk prediction model utilizing Holter
assessment to detect NSVT, LBBB or Non-LBBB QRS
morphology in a standard ECG, and echocardiographic
assessment of left ventricular volume provides practical
approach to guide therapeutic decisions regarding implantation
of CRT-D, CRT-P, or ICD devices in NICM patients with
QRS≥130 ms. This risk model needs to be validated in future
studies.

C-AB07-02
IN NONISCHEMIC CARDIOMYOPATHY, POSITRON
EMISSION TOMOGRAPHY STRESS MYOCARDIAL BLOOD
FLOW PREDICTS VENTRICULAR TACHYARRHYTHMIA

Todd M. Rosenthal, MBBS, Daniel Masvidal, MD, Freddy M. Abi
Samra, MD, Michael L. Bernard, MD, PhD, Sammy Khatib, MD,
Glenn M. Polin, MD, FHRS, Paul A. Rogers, MD, PhD, Robert
M. Bober, MD and Daniel P. Morin, MD, MPH, FHRS. Ochsner
Medical Center, New Orleans, LA
Background: For patients with nonischemic cardiomyopathy
(NICM), the benefit of implantable cardioverter-defibrillators
(ICDs) may be less clear than it is for those with ischemic
cardiomyopathy. Thus, further risk stratification for ventricular
tachyarrhythmia (VT/VF) may be particularly important in NICM.
Some evidence indicates that stress myocardial blood flow
(sMBF) measured by positron emission tomography (PET)
predicts adverse cardiac events.
Objective: To determine whether PET-derived sMBF predicts
VT/VF in patients with NICM.
Methods: We evaluated patients with NICM and an implanted
ICD who underwent cardiac PET stress imaging. NICM was
defined as the absence of coronary angiographic stenosis
>70% (or left main >50%), absence of relative perfusion defects
on imaging, and no history of coronary revascularization or
acute coronary syndrome. Absolute myocardial blood flow was
quantified in mL/min/g. Patients were prospectively followed for
VT/VF via periodic device interrogation, and were stratified at the
median of whole-heart sMBF. Outcomes were compared with the
log-rank test.
Results: Among the 31 patients (60±14 y, 52% M, LVEF
25±9%), the median sMBF was 1.62 mL/g/min (IQR, 1.061.98). Over 30±20 months of follow-up, 9 had VT/VF. As seen
in the Figure, patients whose sMBF was below the median
had significantly more VT/VF than those with sMBF above the
median (p<0.01).
Conclusion: In patients with NICM and an ICD, lower wholeheart sMBF as measured by cardiac PET imaging strongly
predicts VT/VF.

C-AB07-03
IMPACT OF LATE GADOLINIUM ENHANCEMENT ON
MORTALITY, SUDDEN DEATH AND MAJOR ADVERSE
CARDIOVASCULAR EVENTS IN ISCHEMIC AND
NONISCHEMIC CARDIOMYOPATHY- A SYSTEMATIC
REVIEW AND META-ANALYSIS

Anand N. Ganesan, MBBS, PhD, James Gunton, MBBS, PhD,
Gaetano Nucifora, MD, PhD, Andrew D. McGavigan, MBBS
and Joseph Selvanayagam, MBBS, PhD. Flinders University,
Adelaide, Australia, Flinders Medical Centre, Adelaide, Australia
Background: The central role of LVEF as the definitive risk
marker of adverse outcomes in ischemic and nonischemic
cardiomyopathy is increasingly uncertain.
Objective: The current study aimed to conduct a systematic
review and meta-analysis with the objective of evaluating the
prognostic importance of of Late Gadolinium Enhancement
(LGE) in ICM and NICM on the key endpoints of all-cause
mortality, cardiovascular mortality and sudden death.
Methods: The study was prospectively registered in
PROPSERO. (CRD 42016039034) Electronic databases and
reference lists were searched for studies evaluating the impact
of LGE-CMR on of all-cause mortality, cardiovascular mortality,
ventricular arrhythmia or sudden death, or major adverse
cardiovascular events. Data were extracted from 33 studies
including n=7397 patients.
Results: LGE was strongly associated with all-cause mortality
HR 3.03 (95%CI: 2.39,3.86, P<0.001), cardiovascular mortality
HR 3.25(95%CI: 1.92,4.51,P<0.001), ventricular arrhythmia and
sudden cardiac death HR 3.62 (95%CI: 3.00,4.35,P<0.001),
and major adverse cardiovascular events HR 3.24(95%CI:
2.32,4.52,P<0.001). In subgroup analyses, LGE was associated
with all-cause mortality and cardiovascular mortality in both
LVEF≤35% and LVEF>35% patients (P<0.001 all endpoints), as
well as in nonischemic and ischemic cardiomyopathy.
Conclusion: Late Gadolinium Enhancement (LGE) in CMR
predicts all-cause mortality, cardiovascular mortality, ventricular
arrhythmia and sudden death, and major adverse cardiovascular
events, independent of LVEF. Future trials of investigational
therapies in NICM and ICM should consider the utilisation of
LGE to identify patients at risk of adverse outcomes.
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C-AB07-04
IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR
THERAPY IMPROVES SURVIVAL IN NON-ISCHEMIC
CARDIOMYOPATHY: A META-ANALYSIS OF RANDOMIZED
CONTROLLED TRIALS

Mahesh Anantha Narayanan, MD, Kairav Vakil, MD, Yogesh NV
Reddy, MD, Janani Baskaran, MBBS, Abhishek Deshmukh, MD,
David G. Benditt, MD and Selcuk Adabag, MD. University of
Minnesota, Minneapolis, MN, Mayo Clinic, Rochester, MN
Background: The effect of implantable cardioverter defibrillator
(ICD) therapy on mortality in patients with non-ischemic
cardiomyopathy (NICM) and left ventricular ejection fraction
(EF) ≤35% has recently been questioned. Further, whether
ICD therapy benefits NICM patients with concomitant cardiac
resynchronization therapy (CRT) is unknown.
Objective: To evaluate the efficacy of ICD therapy with or
without CRT in patients with NICM.
Methods: Relevant randomized controlled trials published
between years 2000-2016 were identified. Patients with ischemic
cardiomyopathy were excluded. Study cohort was stratified into
CRT and non-CRT groups (Figure). The efficacy of having a
defibrillator in each group was compared using random-effects
meta-analysis techniques.
Results: There were 6 randomized controlled trials involving
3,544 patients that met the inclusion criteria. Amongst 2,347
(66%) patients without a CRT, ICD therapy was associated with
a 24% reduction in all-cause mortality (Relative Risk 0.76, 95%
Confidence Interval 0.63-0.91; p=0.003) compared to medical
therapy. On the other hand, amongst 1,197 (34%) patients with
a CRT, having a CRT-Defibrillator was associated with a 19%
reduction in all-cause mortality (RR 0.81, 95% CI 0.67-0.98;
p=0.033) compared to CRT-Pacemaker. Also, ICD therapy was
associated with a 73% (RR 0.27, 95% CI 0.15-0.50; p<0.001)
reduction in sudden cardiac death compared to medical therapy.
Conclusion: ICD therapy with or without CRT significantly
improves survival in patients with NICM and EF ≤35%.

C-AB07-05
SURVIVAL BENEFIT FOR ICDS IN NONISCHEMIC
CARDIOMYOPATHY IN THE NCDR ICD REGISTRY BASED
ON DANISH AGE GROUPS

Kenneth C. Bilchick, MD, FHRS, Yongfei Wang, MS, Alan
Cheng, MD, FHRS, Jeptha Curtis, MD, Kumar Dharmarajan,
MD, George Stukenborg, PhD, Ramin Shadman, MD, Inder
Anand, MD, Lars Lund, MD, Ulf Dahlstrom, MD, PhD, Ulrik
Sartipy, MD, Aldo Maggioni, MD, Karl Swedberg, MD, Chris
O’Connor, MD and Wayne C. Levy, MD. University of Virginia
Health System, Charlottesville, VA, Yale University School of
Medicine, New Haven, CT, Johns Hopkins Hospital, Baltimore,
MD, University of Washington, Seattle, WA, VA Medical
Center, Minneapolis, MN, Karolinska University Hospital,
Stockholm, Sweden, Linkoping University, Linkoping, Sweden,
Italian Association of Hospital Cardiologists Research Center,
Florence, Italy, University of Gothenburg, Gothenburg, Sweden,
Inova Healthcare System, Fairfax, VA
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Background: The DANISH trial showed that reducing sudden
death with a standard ICD or CRT defibrillator (CRT-D) in
patients with nonischemic cardiomyopathy (NICM) did not
translate into an overall survival benefit, particularly in patients ≥
68 years old.
Objective: Using the National Cardiovascular Data Registry
(NCDR) Version 1 ICD Registry and a control cohort from trials
and registries with heart failure (HF) but no ICD, we evaluated
the survival benefit and predicted proportional risk of sudden
death (Seattle Proportional Risk Model, or SPRM) with an ICD
(excluding CRT-D) by NICM/ICM status stratified by age.
Methods: The ICD survival benefit based on NICM/ICM status
and age <59, 59-67, and or ≥ 68 years old was determined
using multivariable Cox proportional hazards regression with
adjustment for HF severity using the Seattle Heart Failure Model
(SHFM).
Results: The 98,846 patients (65.4 ± 12.1 years, 23.9% female)
included 87,914 with ICDs in the ICD Registry and 10,932 with
heart failure but no ICD. An aggregate ICD survival benefit was
demonstrated in both NICM (ICD HR 0.78, 95% CI 0.73-0.84)
and ICM (ICD HR 0.75, 95% CI 0.71-79), but NICM patients
with age ≥ 68 had minimal benefit (ICD HR 0.91, 95% CI 0.821.00; P=0.06) (Figure). Based on the ICD*SPRM interaction,
a greater SPRM-predicted proportional risk of sudden death
predicted a greater ICD benefit in both NICM (P=0.028) and ICM
(P<0.0001).
Conclusion: In this very large registry cohort, there was an ICD
survival benefit in NICM. The decreased benefit in NICM and
age ≥ 68 was associated with a decreased predicted sudden
death risk, providing a mechanism for the DANISH results. This
has important implications for ICD risk stratification.

ABSTRACT C-AB08:
Anticoagulaiton Therapy and Assessment of LAA
Thrombus
Thursday, May 11, 2017
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C-AB08-01
IMPACT OF TYPE OF ORAL ANTICOAGULANTS ON
INTRAPROCEDURAL ACTIVATED CLOTTING TIME
DURING ATRIAL FIBRILLATION ABLATION

Scott M. Koerber, DO, Rugheed Ghadban, MD, Brian Bostick,
MD, PhD and Sandeep Gautam, MD. University of Missouri,
Columbia, MO
Background: Unfractionated intravenous heparin is the current
method of anticoagulation during atrial fibrillation (AF) ablations,
aiming for intraprocedural activated clotting times (ACT) >300
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seconds. Novel oral anticoagulants (NOACs) do not directly
affect the ACT, which may change intraprocedural heparin
requirements.
Objective: This is a single center, retrospective cohort study
to compare the effects of warfarin and NOACs on ACTs and
heparin dosing during AF ablation.
Methods: Data from 55 AF ablations in 54 patients (pts) from
September 2015 to November 2016 were analyzed. All pts
were on either a NOAC (n= 35) or warfarin (n=20). Subject
weight and INR were recorded on day of ablation. Baseline
ACT, initial heparin bolus dose, ACTs every 30 minutes after
the initial heparin dose, and cumulative heparin doses were
recorded during the procedure. Adequate anticoagulation was
defined as ACT ≥300 seconds. Mean and standard deviation
were calculated for all parameters. One way ANOVA analysis
was performed followed by pairwise comparison to determine
significant differences between anticoagulation groups.
Results: In 55 AF ablations, baseline ACT is highly correlated
with INR in linear manner (R²=0.84, p> 0.001). Mean baseline
ACT and mean procedural ACT were both significantly higher
in the warfarin group compared to the NOAC group by 43.1sec
(CI 95% [26.3, 60.1] p<0.001) and 50 sec (CI 95% [32, 67]
p< 0.001), respectively. The percentage of ACT values above
300sec was higher in the warfarin group (72.5%) than the NOAC
group (29%). Initial heparin (units/kg) and total heparin (units/
kg) doses were significantly higher in the NOAC group (128.8 vs
117.1, p =0.018) and (225.0 vs 146.2, p <0.001), respectively,
compared to warfarin. One patient in the NOAC group had an
ischemic stroke 3 weeks post procedure.
Conclusion: Despite a significantly higher initial and total
heparin dose per kg body weight, patients on NOACs had
significantly lower mean ACT during AF ablation, with only 29%
of ACT values during the procedure above the widely accepted
goal of ≥300 seconds. An ACT based heparin dose algorithm
specifically for patients on NOACs is required to ensure
adequate anticoagulation during AF ablation.

C-AB08-02
IS IT SAFE TO PERFORM ATRIAL FIBRILLATION
ABLATION WITHOUT PRE-PROCEDURAL
TRANSESOPHAGEAL ECHOCARDIOGRAM IN PATIENTS
ON UNINTERRUPTED ANTICOAGULATION?

Muhammad R. Afzal, MD, Trisha Morris, BSN, Auroa Badin,
MD, Dilesh Patel, MD, Hemant Godara, MD, Steven J.
Kalbfleisch, MD, FHRS, Jaret Tyler, MD, Mahmoud Houmsse,
MD, Emile G. Daoud, MD, FHRS, Ralph S. Augostini, MD,
FHRS, Toshimasa Okabe, MD, Raul Weiss, MD and John D.
Hummel, MD. The Ohio States University, Columbus, OH,
University of Illinois, College of Medicine, Peoria, IL, The Ohio
State University Wexner Medical Center, Columbus, OH, OSU
Division of Cardiovascular Medicine, Columbus, OH, Ohio
State University, Department of Cardiovascular Medicine,
Columbus, OH, The Ohio State University, Columbus, OH, Ohio
State University, Columbus, OH, Ohio State University Medical
Center, Columbus, OH, Thomas Jefferson University Hospital,
Philadelphia, PA, Ohio State University Medical Center - Div. of
Cardiovascular Medicine, Columbus, OH
Background: Recent studies have shown conflicting results
regarding the incidence of left atrial appendage (LAA) thrombus
and spontaneous echo contrast (SEC) on a pre-procedural
transesophageal echocardiogram (TEE) in patients on
uninterrupted or minimally interrupted anticoagulation (AC)
prior to atrial fibrillation (AF) ablation. It is reported that there
is a decline in rate of pre-procedural TEE at many centers. We
retrospectively reviewed the data in these patients at our tertiary
care center with high AF ablation volume.

Methods: All patients undergoing AF ablation from January
2013 to September 2016 were included in the study. Chart
review was performed for demographic characteristics, type of
anticoagulant used and the presence of thrombus or dense SEC
on the TEE.
Results: A total of 1820 patients underwent an AF ablation from
January 2013 to September 2016 at our institute. All patients
were on uninterrupted anticoagulation with either warfarin or
newer oral anticoagulants. LAA thrombus and dense SEC was
found in 7 (0.39 %) and 1 (0.05 %) patients respectively. Four
patients with LAA thrombus were on NOACs and three were
on warfarin with INR in the therapeutic range during preceding
4 weeks prior to TEE. Both LAA thrombus and SEC were
associated with persistent AF, higher CHA2DS2VASC score,
increased left atrial size and decreased left ventricular ejection
fraction.
Conclusion: Despite uninterrupted anticoagulation, the risk
of thrombus in the LAA is not trivial. To avoid the devastating
complications of stroke and associated cost, we routinely
perform TEE in all patients undergoing AF ablation regardless
of the anticoagulation status. Further prospective randomized
studies are needed to evaluate the utility of TEE before ablation
in patients with uninterrupted AC.

C-AB08-03
THROMBOLYTIC EFFICACY OF DABIGATRAN IN PATIENTS
UNDERGOING ATRIAL FIBRILLATION ABLATION -PERIPROCEDURAL LEFT-ATRIAL THROMBUS IN THE ERA OF
DIRECT ORAL ANTICOAGULANTSMasahide Harada, MD, PhD, Masayuki Koshikawa, MD, Yuji
Motoike, MD, Taro Makino, MD, Tomohide Ichikawa, MD,
PhD, Eiichi Watanabe, MD, PhD and Yukio Ozaki, MD, PhD.
Department of Cardiology, Fujita Health University School of
Medicine, Toyoake, Japan

Background: The impact of direct oral anticoagulants (DOACs)
on the prevalence of LA thrombus (LAT) in patients undergoing
AF ablation remains poorly investigated. Dabigatran, a direct
thrombin inhibitor, prevents ischemic thromboembolism in AF,
suggesting its ability to dissolve LAT.
Objective: (1) to determine the prevalence of LAT before AF
ablation in patients treated with DOACs, and (2) to examine the
thrombolytic efficacy of dabigatran for LAT.
Methods: In 230 AF patients undergoing catheter ablation (CA)
on warfarin (WF, n=21) or DOACs (n=209: n=18/12; dabigatran
300mg/220mg, n=64/6; rivaroxaban 15mg/10mg [dose for
Japanese], n=52/7; apixaban 10mg/5mg; n=25/25; edoxaban
60mg/30mg), trans-esophageal echocardiography (TEE) was
performed 1 day before the procedure; if LAT was detected, CA
was postponed and the initial anticoagulant was switched to
dabigatran 300mg or WF based on renal function, and the 2nd
TEE was performed in 1 month.
Results: LAT was detected in 12 patients in total (5.2%, 12/230:
n=1; dabigatran 220mg, n=3/1; rivaroxaban 15mg/10mg, n=3/3;
apixaban 10mg/5mg, n=1; edoxaban 30mg); all the patients
with LAT initially received DOACs. In patients treated with WF
or DOACs at an appropriate dose, the prevalence of LAT was
3.8% (8/211). On the other hand, in those treated with DOACs at
an inappropriately reduced dose (n=19: n=5; rivaroxaban 10mg,
n=6; apixaban 5mg, n=8; edoxaban 30mg), the prevalence
significantly increased (21%, 4/19, p<0.05). LA dimension and
CHADS2 score increased in patients with LAT vs. those without
LAT (43±4 mm* vs. 38±7 mm, 2.0±1.4* vs. 1.2±1.2, *p<0.05)
whereas LA appendage flow significantly decreased (27±11 cm/
sec* vs. 53±24 cm/sec). The initial DOACs were switched to
dabigatran 300 mg (n=10) and WF (n=2). In the 2nd TEE, LAT
disappeared in 10 patients (n=8; dabigatran 300mg, n=2; WF)
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and CA was successfully performed without any complication.
However, LAT remained in 2 patients with dabigatran 300mg; the
LAT size was unchanged.
Conclusion: (1) Although inappropriate dose reduction of
DOACs increased the prevalence of LAT, 5.2% of patients
treated with DOACs in total had LAT; TEE-based screening is
warranted even in the era of DOACs. (2) Dabigatran 300mg
showed substantial thrombolytic efficacy in 8/10 patients with
LAT.

C-AB08-04
TRANSESOPHAGEAL VS. INTRACARDIAC
ECHOCARDIOGRAPHIC SCREENING IN PATIENTS
UNDERGOING ATRIAL FIBRILLATION ABLATION WITH
UNINTERRUPTED NOVEL ANTICOAGULANTS

Alexey Tsyganov, MD, Albina Shapieva, MD, Evgeny Lyan, MD,
PhD, Svetlana Fedulova, MD, PhD, Sergey Mironovich, MD,
Ekaterina Fetisova, MD, Maria Chaykovskay, MD, Angelina
Dzeranova, MD, Alina Karshieva, MD and Valery Sandrikov, MD,
PhD. Petrovsky National Research Centre of Surgery, Moscow,
Russian Federation, Saint Petersburg Mechnikov State Medical
Academy, Saint-Petersburg, Russian Federation
Background: Systemic embolization threatens patients with
atrial fibrillation (AF). The risk is enhanced at the time of catheter
ablation. Transesophageal echocardiography (TEE) is the
standard test for identification of the left atrial (LA) thrombi.
Objective: The aim of our study was to evaluate whether
TEE is necessary before AF ablation in patients treated with
uninterrupted novel oral anticoagulant.
Methods: Data from 332 consecutive patients (42% females,
aged 64 ± 11 years) with AF undergoing either TEE (n=115)
prior to catheter ablation or intracardiac echocardiography
(ICE, n=217) for the detection of LA thrombus were analyzed.
All patients were on uninterrupted rivaroxaban during and for at
least 4 weeks before procedure. Heparin bolus was administered
in all patients before transseptal catheterization to maintain a
target activated clotting time above 350 sec. Continuous pointby-point ablation using a 3.5 mm irrigated open-tip catheter was
used to create a pulmonary vein antrum lesion set in all patients.
Results: A total of 277 patients (80.4%) had paroxysmal AF.
The average CHA2DS2-VASc score was 2.1 ± 0.9 in the TEE
group and 2.1 ± 0.9 in the ICE group. CHA2DS2-VASc score
was ≧ 2 had 64 (55.7%) and 214 (98.6%) patients in the TEE
and ICE groups, respectively. The left atrial appendage was
adequately visualized in 96% and 93% in the TEE an ICE
group, respectively. None of the patients have an identifiable LA
thrombus either in TEE group or in ICE group. Three patients
(2.6%) in the TEE group had false positive results, associated in
all cases with pectinate muscles. All of them were proceeded to
ICE and the LA appendage thrombus was excluded. One (0.3%)
thromboembolic periprocedural stroke occurred in a patient with
long-standing persistent AF in TEE group. A total of 6 (1.8%)
patients had bleeding complications.
Conclusion: Our study illustrates that performing AF ablation
with ICE guidance on uninterrupted rivaroxaban for at least 4
weeks without TEE is feasible and safe.
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C-AB08-05
USE OF PERIPROCEDURAL ANTI-XA INHIBITORS FOR
CATHETER ABLATION OF ATRIAL FIBRILLATION - A
COMPARISON OF RIVAROXABAN, APIXABAN AND
EDOXABAN

Melanie Gunawardene, MD, Jannis Dickow, No Degree,
Benjamin Schaeffer, MD, Julia M. Moser, MD, Ruken Oezge
Akbulak, MD, Christian Eickholt, MD, Mario Jularic, MD, Jana
M. Nuehrich, MD, Christian Meyer, MD, Boris A Hoffmann,
MD and Stephan Willems, MD, PhD. University Heart Center
Hamburg, Hamburg, Germany, University Heart Center
Hamburg, Department of Electrophysiology, Hamburg,
Germany, Department for Cardiac Electrophysiology, University
Heart Center Eppendorf, Hamburg, Germany, University Heart
Center Department of Cardiology, Electrophysiology, Hamburg,
Germany, University Heart Center Hamburg-Eppendorf,
Hamburg, Germany, University Heart Centre Hamburg - Dept. of
Electrophysiology, Hamburg, Germany
Background: Complications of atrial fibrillation (AF) ablation are
influenced by oral anticoagulation (OAC). Only a few data exist
regarding periprocedural OAC with edoxaban, the latest novel
oral anticoagulant (NOAC).
Objective: The objective of this register is to analyze our initial
experience of complication rates among the three anti-Xa
inhibitors edoxaban, rivaroxaban and apixaban in patients (pts)
undergoing catheter ablation for AF.
Methods: We prospectively analyzed consecutive AF ablationprocedures undertaken in our department from 01/2015 until
10/2016. Depending on the preprocedure-prescribed NOAC,
3 groups were defined: 1) edoxaban, 2) rivaroxaban and 3)
apixaban. NOACs were paused 24 hours pre-ablation. All
periprocedural, in-hospital complications were analyzed.
Results: We analyzed 934 AF ablations (46% paroxysmal
AF, 54% persistent AF) in 832 pts (1.12 procedures/pt).
Rivaroxaban was given in 60.4% (564/934), apixaban in 37.7%
(352/934) and edoxaban in 1.9% (18/934). The prevalence
of major complications (all non-fatal) was 2.0% (19/934) and
equal between the groups (p=0.67; 7 groin bleeds, 4 cardiac
tamponades, 1 epistaxis, 2 strokes, 1 TIA, 2 esophageal injuries,
1 coronary air embolism, 1 PV stenosis). There was no major
complication in group 1. The total complication rate did not
differ among the groups (group 1) 16.7% vs. group 2) 14.7%
vs. group 3) 12.5%; p=0.61) and minor groin bleedings were
most frequent (61.5%; 80/130; p=0.45 among the groups). The
activated clotting time (ACT) was higher in group 1 compared to
group 2 (p=0.02) and group 3 (1) 331.1 ± 25.6 s; 2) 313.7 ± 28
s; 3) 315.1 ± 29.3 s; p=0.04). Unfractionated heparin doses were
higher in procedures with complication than without (13,897 ±
4,732 IU vs. 12,727 ± 3,880 IU, p=0.02); ACT values were not
different (316.3 ± 26.1 s vs. 314.4 ± 28.9 s, p=0.48).
Conclusion: OAC with either anti-Xa-inhibitor seems to be a
safe periprocedural OAC strategy. However, further investigation
of periprocedural OAC with edoxaban is necessary. Despite
ACT-monitoring, higher intraprocedural heparin doses are
associated with an increased complication rate.
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C-AB08-06
LONG-TERM FOLLOW-UP OF PRN NOVEL
ANTICOAGULANT USE AFTER ATRIAL FIBRILLATION
ABLATION

Erica S. Zado, PA, Monica Pammer, PA, Tara Parham, MSN,
CRNP, Sanjay Dixit, MD, FHRS, David S. Frankel, MD, FHRS,
Fermin C. Garcia, MD, David Lin, MD, Pasquale Santangeli,
MD, Amanda Every, PA and Francis E. Marchlinski, MD,
FHRS. Hospital of the University of Pennsylvania, Philadelphia,
PA, Univ of Pennsylvania, Philadelphia, PA, Hosp of The
University of Pennsylvania, Philadelphia, PA, Hospital of Univ
of Pennsylvania, Cardiology, Philadelphia, PA, University of
Pennsylvania Health System, Philadelphia, PA
Background: In patients (pts) with atrial fibrillation (AF) and
CHA2DS2-VASc score ≥1 post ablation, oral anticoagulation
(OAT) is recommended. However, pts are often reluctant to take
OAT long-term in the setting of AF control and chronic OAT has
defined bleeding risk.
Objective: To describe the long-term outcome with “as needed”
(PRN) novel oral anticoagulant (NOAC) use guided by diligent
pulse monitoring to detect recurrent AF following ablation.
Methods: Since 2011, we identified 88 highly motivated pts with
>1 year follow up, previous ablation and CHA2DS2-VASc score
≥1, no AF during at least 3 weeks of continuous ECG monitoring
who demonstrated ability to assess their pulse manually and/
or with a smart phone enabled device (12[13%]) twice daily and
with symptoms. Seven pts (8%) also had implanted devices
with the ability to detect AF. All were provided with NOAC with
instructions to restart if suspected AF for >1 hour. Duration
of NOAC use was based on duration of AF episode and/or
continued episodes and discussion with provider (typically one
week for episode <one day). Pts unable to comply with pulse
checks were transitioned to continue daily OAT.
Results: 88 pts (78% male, age 64±8 years old) were included,
median CHA2DS2-VASc of 2 (range 1-6) and mean left atrial
size 4.0±0.6 cm. Prior to ablation, 67 (76%) had paroxysmal AF.
During average follow-up of 30±14 months (total 215 pt years)
there were no strokes/TIA and 1 mild bleeding event (epistaxis).
5 patients transitioned to daily OAT due to pt preference (2) or
non-compliance with pulse assessment (3). Of the remaining 83
pts, 29 (35%) used PRN NOAC at least once (median 1, range
1-5) for suspected/recorded AF episode. Four pts who took
NOAC 1x had non-AF reasons for irregular pulse on subsequent
monitor. A total of 17 (20%) pts transitioned to daily NOAC; 6
with 1st PRN use, 3 with 2nd, and 8 with ≥3 uses. One pt had
daily NOAC restarted for AF noted during hospitalization for
trauma.
Conclusion: PRN use of NOACs when AF is detected with
diligent pulse monitoring may be an effective and safe strategy
to lower pts’ overall risk of stroke without increased bleeding
in motivated pts with no ECG documented AF after ablation.
Close follow-up is required to confirm compliance and identify AF
recurrence and need to transition back to daily NOAC.

ABSTRACT C-AB09:
Atrial Fibrillation Ablation: Long Term Success
Using a Variety of Techniques
Thursday, May 11, 2017
1:30 PM - 3:00 PM

C-AB09-01
ABLATION OF VERY LATE RECURRENCE OF ATRIAL
FIBRILLATION AFTER INITIALLY SUCCESSFUL
PULMONARY VEIN ISOLATION

Jonathan S. Steinberg, MD, Barbara Szepietowska, MD, Yash
Shah, MA, Alexander Romanov, MD and Evgeny Pokushalov,
MD, PhD. University of Rochester School of Medicine,
Short Hills, NJ, University of Rochester School of Medicine,
Rochester, NY, Yash Shah, New York, NY, Research Institute
of Circulation Pathology, Novosibirsk, Russian Federation,
State Research Institute of Circulation Pathology, Novosibirsk,
Russian Federation
Background: Although pulmonary vein isolation (PVI) can
successfully eliminate AF, there is a steady attrition rate over
subsequent yrs.
Objective: To describe the findings at very late re-ablation and
the subsequent clinical response.
Methods: A prospective cohort who demonstrated freedom
from AF for > 1 year were followed after initial PVI. All pts who
presented with ≥ 2 very late symptomatic recurrent AF events
and elected re-ablation were included.
Results: A total of 106 pts (age 63.3 ± 11.8 yrs; paroxysmal AF
in 57%) were ablated 4.7 ± 2.3 yrs following initial PVI. At late
ablation, permanent complete PVI was found in only 3 (3%) and
the others had 2.7 ± 1.6 PVs reconnected that were re-isolated.
Besides PVI, additional ablation included: linear LA (n = 14),
CFAE (n = 1), FIRM (n = 7) and Convergent hybrid of posterior
LA (n = 9). During subsequent 22.0 ± 19.2 mos after this final
ablation (7 lost to follow-up) (see Figure), 46 (47%) became
AF-free off antiarrhythmic drug (AAD) again (including 31 who
had only re-PVI); 7 (7%) became AF free on AAD; 31 (29%)
had recurrent AF and 22 (22%) evolved to refractory persistent
AF. There was no difference if PVI alone or not (p = 0.4). But
patients who underwent hybrid ablation vs only PVI had greater
likelihood of freedom from AF (p=0.01), despite having longer AF
history and older age.
Conclusion: An increasing volume of pts is returning for reablation yrs after initial PVI and most demonstrated absence of
permanent PVI. Re-ablation was useful and returned nearly half
to satisfactory clinical status but many developed refractory or
persistent AF. The ideal ablation strategy for this new category of
pt needs to be investigated.
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C-AB09-02
ACUTE TERMINATION OF ATRIAL FIBRILLATION
AFTER FOCAL IMPULSE OR ROTOR ABLATION IS
ASSOCIATED WITH FREEDOM FROM PERSISTENT ATRIAL
FIBRILLATION BUT DOES NOT PREDICT FREEDOM FROM
RECURRENT ATRIAL ARRHYTHMIAS
Ryan T. Borne, MD, Lucas Marzec, MD, Ryan G. Aleong, MD,
FHRS, Alexis Tumolo, MD, Jehu Matthew, MD, Alexis Tumolo,
MD, Duy Nguyen, MD, FHRS, Matthew M. Zipse, MD, Christine
Tompkins, MD, Wendy S. Tzou, MD, FHRS and William H.
Sauer, MD, FHRS. Anschutz Medical Campus, Aurora, CO,
University of Colorado, Aurora, CO, University of Rochester,
Rochester, NY, University of Colorado Hospital, Denver, CO

Background: Catheter ablation for persistent atrial fibrillation
(PeAF) remains a challenge. Focal impulse and rotor modulation
(FIRM) guided ablation has been shown to improve both acute
and long term success rates, however observational studies
have resulted in mixed outcomes. Additionally, it is unclear if
acute termination of AF results in improved long term outcomes.
Objective: To report our experience with acute termination of AF
using FIRM guided ablation.
Methods: Patients with PeAF were referred for catheter
ablation. Following PVI, FIRM mapping was performed and nonPV sources were targeted with ablation. Follow up was driven
by symptoms and ambulatory monitoring. Arrhythmia recurrence
was blinded in the first three months. Acute termination was
defined as organization or termination of AF during any portion of
catheter ablation.
Results: A total of 50 patients underwent FIRM-guided ablation
with a mean follow up of 1 year (Table). Acute termination
was observed in 28 patients undergoing catheter ablation.
Among patients with acute termination, 13 were free from any
arrhythmia, 10 had paroxysmal AF (PAF) and 5 patients had
atrial flutter (Figure). While there was no difference between the
two groups in arrhythmia free survival (p=0.79), or AFL (p=0.50),
there was a significant difference in recurrence of PeAF (5 vs.
0; p=0.01). One patient with PAF underwent repeat ablation
while the remainder were treated with previously ineffective
medications.
Conclusion: Acute termination predicts freedom from recurrent
PeAF but is not associated with improved overall arrhythmia free
survival at one year. Patients with acute termination recur with
paroxysmal AF or atrial flutter.

C-AB09-03
DO ATRIAL FIBRILLATION DRIVERS NEAR PULMONARY
VEINS HAVE UNIQUE PROPERTIES COMPARED TO
DRIVERS AT OTHER LOCATIONS?

Rachita Navara, MD, George Leef, MD, Fatemah Shenasa, BS,
Albert Rogers, MD, MBA, FHRS, Gabriela Meckler, BS, Tina
Baykaner, MD, MPH, Junaid Zaman, MA, MBChB, Chad Brodt,
MD, Mohan Viswanathan, MD, Shirley Park, MD, Paul Zei, MD,
PhD, Paul J. Wang, MD and Sanjiv M. Narayan, MD, PHD,
FHRS. Stanford Hospital and Clinics, Stanford, CA, Stanford
Hospital and Clinics, Palo Alto, CA
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Background: The ability of targeted ablation to terminate atrial
fibrillation (AF) supports the source model, confirmed by optical
mapping of human atria. However, it is unknown if source
properties differ by location.
Objective: We aimed to test the hypothesis that sources near
PVs have unique characteristics compared to non-PV sources.
Methods: We identified 46 patients at AF ablation (60±11 years,
67% men) in whom bi-atrial contact basket and phase mapping
revealed AF sources where targeted ablation terminated AF
before PVI. Sources were identified on electroanatomic maps as
either peri-PV if within standard antral ablation areas (<2 cm PV)
or non-PV (NPV).
Results: Patients had 5.2±2.5 sources, with termination periPV in n=22 (47.8%) and non-PV in n=24. Fig 1A illustrates
termination sites. Fig 1B shows that patients with PV versus nonPV sources did not differ clinically (e.g. BMI, LA size, p>0.05),
or by total number/atrial distribution of sources. On average,
termination occurred at the third ablated site for both groups.
Mathematical presence of phase singularities did not differ for
PV versus NPV sources (p=0.45).
Conclusion: AF rotational and focal sources where ablation
terminated AF prior to PVI have similar properties, whether
near PVs or elsewhere. This supports common mechanisms
for the formation of AF sources, and that they may be similarly
amenable to therapy.

C-AB09-04
CLINICAL OUTCOMES OF ATRIAL FIBRILLATION DRIVER
ABLATION: A SYSTEMATIC REVIEW

Tina Baykaner, MD, MPH, Rachita Navara, MD, Junaid A.
Zaman, MA, MBChB, Christopher A.B. Kowalewski, No Degree,
Sanjiv M. Narayan, MD, PHD, FHRS and Paul J. Wang, MD,
FHRS. Stanford University, Stanford, CA, Imperial College
London, London, United Kingdom, Stanford University School of
Medicine, Stanford, CA
Background: Recent studies have provided varying support
for rotor/driver ablation to improve outcomes of pulmonary vein
isolation (PVI) to treat atrial fibrillation (AF).
Objective: We undertook a systematic literature review to
determine long-term outcomes from ablation of AF sources with
all currently available methodologies.
Methods: A systematic search of online and major conference
databases (01/01/12-12/01/16) identified 26 studies reporting the
results of PVI and rotor/driver ablation, and 11 were excluded
due to small size (case reports) or follow up <6 months. Eight
published manuscripts and 7 abstracts were included for
analysis. Data on demographics, rotor characteristics and
procedural success were collected.
Results: Studies comprised 957 patients undergoing PVI and
rotor/driver ablation (74% male, age: 61.6±9.6). 748 patients
(78%) had persistent or long standing persistent AF. Average
left atrial size was 46±7mm, ejection fraction 56±9%. 39%
of patients had a prior failed ablation. Patients had 3.5±1.4
rotor/drivers during AF. Average fluoroscopy and procedure
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times were 33±14 min and 260±54 minutes, respectively.
Average acute termination rate from rotor ablation was 42%.
Single procedure freedom from AF was 74%, freedom from
all arrhythmias was 64%. 5 studies (n=337) that enrolled
exclusively persistent AF patients reported 68% freedom from all
arrhythmias. Complication rate (reported in n=11) was 4%.
Conclusion: In this comprehensive systematic review, the
addition of rotor/driver ablation to PVI produced favorable single
procedure outcomes in predominantly persistent AF patients.

C-AB09-05
THREE-YEAR CLINICAL OUTCOME AFTER SECONDGENERATION CRYOBALLOON BASED PULMONARY VEIN
ISOLATION FOR THE TREATMENT OF PAROXYSMAL AND
PERSISTENT ATRIAL FIBRILLATION: A TWO-CENTER
EXPERIENCE

Andreas Metzner, MD, Christian H. Heeger, MD, Milena Knöll,
No Degree, Erik Wissner, MD, FHRS, Bruno Reissmann, MD,
Shibu Mathew, MD, Christian Sohns, MD, Christine Lemes, MD,
Tilman Maurer, MD, Francesco Santoro, MD, Johannes Riedl,
MD, Feifan O. Ouyang, MD and Karl-Heinz Kuck, MD, FHRS.
Ak-St.Georg, Hamburg, Germany, AK St. Georg, Hamburg,
Germany, Asklepios Klinik St. Georg, Hamburg, Germany,
Asklepios Klinik St. Georg Hamburg, Hamburg, Germany,
University Hospital Mannheim, Mannheim, Germany, Dept.
Cardiology and Pneumology University Goettingen, Goettingen,
Germany, AK St Georg, Hamburg, Germany, Asklepios Klinik St.
Georg, II Med Abteilung, Hamburg, Germany
Background: Pulmonary vein isolation (PVI) using the secondgeneration cryoballoon (CB2) in patients with paroxysmal
(PAF) and as well as persistent atrial fibrillation (PersAF) has
demonstrated encouraging acute and mid-term results. However,
follow-up data on outcome beyond one year is lacking.
Objective: The purpose of this analysis was to investigate the
three-year clinical outcome after PVI using the CB2.
Methods: 100 patients with paroxysmal (73/100 [73%] patients)
or persistent AF (27/100 [27%] patients) underwent CB2-based
PVI in two centers. Freeze-cycle duration was 240 seconds.
After successful PVI a bonus freeze-cycle of the same duration
was applied in the first 71 patients while the bonus freeze was
omitted in 29 following patients. A total of 384/386 (99.5%)
pulmonary veins were successfully isolated.
Results: Three phrenic nerve palsy occurred (3%). Two patients
were lost to follow-up. After a median follow-up duration of 38
(29-50) months, 59/98 (60.2%) patients remained in stable sinus
rhythm. In 32/39 (77%) patients with arrhythmia recurrence
(PAF: n=16, PersAF: n=17, AT: n=6), a second procedure using
radiofrequency was conducted. Persistent electrical isolation
was noted in 76/125 (61%) PVs. In 5/32 (16%) patients all
previously isolated PVs remained isolated. A total of 5 patients
with AF / AT recurrence received a third procedure. After a mean
of 1.37±0.6 procedures and during a median follow-up duration
of 34.5 (25-39) months 77/98 (78.6%) patients remained in
stable sinus rhythm.

Conclusion: CB2-based PVI results in a 60.2% 3-year singleprocedure - and a 78.6% multiple-procedure success rate. In
repeat procedures a high rate of durable PVI was demonstrated.

C-AB09-06
TEN-YEAR CLINICAL OUTCOME AFTER
CIRCUMFERENTIAL PULMONARY VEIN ISOLATION
UTILIZING THE HAMBURG APPROACH IN PATIENTS WITH
SYMPTOMATIC DRUG-REFRACTORY PAROXYSMAL
ATRIAL FIBRILLATION

Christian H. Heeger, MD, Roland R. Tilz, MD, Ardan M.
Saguner, MD, Alexander Wick, MD, Andreas Metzner, MD,
Andreas Rillig, MD, Bruno Reissmann, MD, Christine Lemes,
MD, Tilman Maurer, MD, Francesco Santoro, MD, Johannes
Riedl, MD, Christian Sohns, MD, Shibu Mathew, MD, Karl-Heinz
Kuck, MD, FHRS and Feifan O. Ouyang, MD. AK St. Georg,
Hamburg, Germany, Asklepios Klinik St. Georg, Hamburg,
Germany, University Hospital Zurich, Zurich, Switzerland,
Ak-St.Georg, Hamburg, Germany, Asklepios Klinik St. Georg
Hamburg, Hamburg, Germany, AK St Georg, Hamburg,
Germany, Dept. Cardiology and Pneumology University
Goettingen, Goettingen, Germany, University Hospital
Mannheim, Mannheim, Germany, Asklepios Klinik St. Georg, II
Med Abteilung, Hamburg, Germany
Background: Circumferential pulmonary vein isolation (CPVI)
is increasingly performed for the treatment of symptomatic drugrefractory paroxysmal atrial fibrillation (PAF). Long-term data for
>10 years after CPVI is sparse. We investigated the long-term
clinical outcome and progression of PAF after double-lasso and
3-dimensional electroanatomical mapping (EAM) guided CPVI.
Objective: To assess the long-term outcome after CPVI in
patients with PAF.
Methods: From 2003 to 2004, 161 patients (mean age: 60±10
years) with symptomatic drug-refractory PAF underwent EAM
guided CPVI. Right-sided and left-sided continuous circular
lesions encircling the ipsilateral pulmonary veins (PVs) were
placed with irrigated radiofrequency energy. The procedural end
point was the absence of PV spikes 30min after CPVI verified
by two spiral catheters placed within the ipsilateral PVs (doublelasso technique).
Results: Major periprocedural complications occurred in 5/161
patients (3.1%). Follow-up was based on outpatient clinic visits
including Holter-ECGs and telephonic interviews. After a single
procedure and median follow-up of 129.0 (interquartile range
124.7-133.1) months stable sinus rhythm (SR) was present
in 53/161 (32.9%) patients. Multi-procedural outcome after a
mean of 1.73±0.9 procedures and a median follow-up of 123.4
(interquartile range 61.0-131.0) months resulted in stable SR in
101/161 patients (62.7%). Progression towards persistent AF
was observed in 10/161 patients (6.2%).
Conclusion: 10-year single-procedural outcome of CPVI in
patients with PAF resulted in stable SR in 32.9%, and in 62.7%
of patients after multiple procedures. The progression rate to
persistent AF was remarkably low.
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C-AB10-01
OUTCOMES OF PATIENTS WITH CARDIAC TAMPONADE
COMPLICATING ATRIAL FIBRILLATION ABLATION: A 16YEAR EXPERIENCE IN A LARGE TERTIARY CARE CENTER

Karim Abdur Rehman, MD, Amr F. Barakat, MD, Walid I. Saliba,
MD, FHRS, Shailee Shah, MD, Khaldoun G. Tarakji, MD,
Mohamed Bassiouny, MD, Bryan Baranowski, MD, Patrick J.
Tchou, MD, Mandeep Bhargava, MBBS, Thomas J. Dresing,
MD, Thomas D. Callahan, MD, Daniel J. Cantillon, MD,
Mohamed Kanj, MD, Bruce D. Lindsay, MD, Oussama M. Wazni,
MD and Ayman A. Hussein, MD. Cleveland Clinic Foundation,
Cleveland, OH, Cleveland Clinic, Cleveland, OH
Background: Pericardial effusion with cardiac tamponade is
a potentially devastating complication of atrial fibrillation (AF)
ablation.
Objective: To assess the incidence and outcomes of cardiac
tamponade complicating AF ablation in a high-volume center.
Methods: Between 2000 and 2015, 10,378 patients underwent
AF ablation at our institution and were enrolled in a prospectively
maintained data registry. We identified all patients who had
cardiac tamponade requiring emergent intervention as a
procedural complication.
Results: The overall incidence of cardiac tamponade was
0.5% (57 patients). Cardiac tamponade was identified during
the ablation procedure in 45 patients and 2-36 days later in the
remaining 12 patients. Peri-procedural anticoagulants were
uninterrupted warfarin (n=51), oral non-vitamin K antagonist
(n=3) or enoxaparin bridging strategy (n=3). All patients required
emergent pericardiocentesis but 7 (0.07%) intraprocedural
tamponades eventually required emergent surgical repair for
cardiac perforation. Surgical repair involved repair of the left
atrial appendage (n=1), dome of left atrium (n=2), interatrial
groove in the right atrium (n=1), right ventricluar free wall (n=1),
coronary sinus (n=1) and left superior pulmonary vein (n=1).
In patients requiring surgical repair, the anticoagulants used at
the time of ablation were warfarin (n=5), apixaban (n=1) and
enoxaparin (n=1) but none of them had bleeding complications
from the surgical repair. Two of 57 patients suffered a cardiac
arrest and were successfully resuscitated. Five (8.9%) patients
were discharged off anticoagulants which were eventually
restarted within 14 days. All patients were followed up for at least
3 months post-procedure and had good recovery with no long
term disability or surgery-related complications. No procedurerelated mortality or stroke occurred.
Conclusion: In a high-volume center, the incidence of
cardiac tamponade as a complication of AF ablation is low.
Pericardiocentesis alone is sufficient in most patients but 1 in 7
patients requires emergent lifesaving heart surgery.
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C-AB10-02
THE INCIDENCE AND FACTORS ASSOCIATED WITH
THE OCCURRENCE OF PULMONARY VEIN NARROWING
FOLLOWING CRYOBALLOON ABLATION

Ryohsuke Narui, MD, Michifumi Tokuda, MD, Ryota Isogai,
MD, Kenichi Tokutake, MD, Kenichi Yokoyama, MD, Mika Kato,
MD, Seigo Yamashita, MD, Keiichi Inada, MD, PhD, Seiichiro
Matsuo, MD, Michihiro Yoshimura, MD, PhD and Teiichi
Yamane, MD, PHD, FHRS. The Jikei University School of
Medicine, Tokyo, Japan, Jikei University School of Med, Tokyo,
Japan, Tokyo Jikei University Hospital, Nishishinbashi Minatoku
Tokyo, Japan, Jikei Medical University, Tokyo, Japan, Jikei
University School Of Med, Tokyo, Japan, Jikei Univ School Of
Med, Tokyo, Japan, Jikei Univ School of Medicine, Tokyo, Japan
Background: In contrast with traditional radiofrequency ablation,
little is known about the influence of cryoballoon (CB) ablation on
the morphology of pulmonary veins (PVs).
Objective: We evaluated the influence of CB ablation on the PV
dimension (PVD) and investigated the factors associated with a
reduction of the PVD.
Methods: Seventy-four patients who underwent CB ablation
for paroxysmal atrial fibrillation (PAF) were included in this
study. All subjects underwent contrast-enhanced computed
tomography both before and at 3 months after the procedure.
The PVD (cross-sectional area) was measured using a 3-D
electroanatomical mapping system. Each PV was evaluated
according to the PVD reduction rate (ΔPVD), which was
calculated as follows: (1 - post PVD/pre PVD)×100 (%).
Results: Eight percent of the PVs (25/296) which required
touch-up ablation were excluded. Mild (25-50%), moderate (5075%), and severe (≥75%) ΔPVD values were observed in 87,
14 and 3 PVs, respectively, including one case with severe left
superior PV stenosis (ΔPVD: 94%) in a patient who required PV
angioplasty. In multivariable analysis, a larger PV ostium and
lower minimum freezing temperature (MFT) during CB ablation
were independently associated with PV narrowing (OR 1.453,
P=0.008 and OR 1.046, P=0.024, respectively). The receiver
operator characteristic curve showed a cut-off point of -53.5 ºC
for the MFT had a specificity of 76.5% and a sensitivity of 66.0%
in predicting PV narrowing (ΔPVD <25%) after CB ablation
(Figure).
Conclusion: A reduction of the PVD was often observed
following CB ablation for AF. A larger PV ostium and lower MFT
during CB ablation were associated with an increased risk of
PVD reduction.
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C-AB10-03
OCCURRENCE AND SEVERITY OF PULMONARY
HYPERTENSION IN PATIENTS WITH SEVERE PULMONARY
VEIN STENOSIS FOLLOWING ABLATION FOR ATRIAL
FIBRILLATION
Danesh K. Kella, MBBS, Deepak Padmanabhan, MBBS,
Krishna Kancharla, MBBS, Paul Chacko, MBBS, Gena Holten,
RN, Niyada Naksuk, MD, David O. Hodge, MS, William
Schleifer, MD, Erin A. Fender, MD, Robert J. Widmer, MD, PhD,
Kristi H. Monahan, RN, David R. Holmes, MD and Douglas
Packer, MD, FHRS. Mayo Clinic, Rochester, MN, Mayo Clinic St. Marys Campus, Rochester, MN, Mayo Clinic - St. Mary’s
Hospital, Rochester, MN

Background: Pulmonary vein stenosis (PVS) after pulmonary
vein isolation (PVI) for atrial fibrillation can result in pulmonary
hypertension (PHTN). While PHTN portends a poor prognosis
with other cardiac abnormalities, little is known about its
significance with PVS after PVI.
Objective: To assess the occurrence of PHTN in patients with
PVS after PVI for atrial fibrillation and to establish whether it
alters the outcomes of pulmonary vein angioplasty (PVA).
Methods: We retrospectively reviewed the charts of consecutive
patients with PVS that underwent PVA at Mayo Clinic between
2000 and 2014. PHTN was defined as pulmonary artery
systolic pressure > 40 mmHg on the latest echocardiogram or
catheterization prior to the PVA.
Results: A total of 54 patients with documented pulmonary
artery pressures prior to the planned PVA were identified.
The mean age at the time of intervention was 52.7±9.8 years
(83.3% male) and the mean LVEF was 60±7%. There were
17 (31.5%) patients with underlying PHTN. A total of 85 veins
(mean 1.4±1.0/patient) underwent PVA (PHTN=27 vs. nonPHTN=58; with balloon dilation in 45.9% vs. stenting in 54.1 %;
p=0.45). There was no difference in procedural complications
between the two groups (PHTN=5.9% vs. non-PHTN=5.4%;
p=0.46), which included one instance of self-limiting hemoptysis
in each group and one instance of transient ST elevation in the
non-PHTN group. The presence of PHTN did not influence the
development of restenosis (PHTN=29.4% vs non-PHTN=45.9%;
p=0.37), MI or re-hospitalization (PHTN 5.9% vs. non-PHTN
5.4%; p=0.46) during an average follow-up time of 6.5 years.
Conclusion: The presence of PHTN had no impact on the
overall safety and long-term efficacy of PVA in patients with
PVS. Furthermore, signification PHTN (>50mm Hg) was very
uncommon in patients with severe PVS.

C-AB10-04
STENTING FOR THE TREATMENT OF SEVERE
PULMONARY VEIN STENOSIS AFTER ATRIAL
FIBRILLATION CATHETER ABLATION: INITIAL
EXPERIENCE WITH PERIPHERAL STENTS PLUS DRUGCOATED BALLOONS AND CORONARY DRUG-ELUTING
STENTS

Stefania I. Riva, MD, Gaetano M. Fassini, MD, Ghirardi Guido,
MD, Massimo Moltrasio, MD, Cristina Ferrari, MD, Fabrizio
Tundo, MD, Claudio Tondo, MD, PhD and Antonio Bartorelli,
MD. Centro Cardiologico Monzino, Milan, Italy
Background: Severe pulmonary vein stenosis (PVS) after AF
radiofrequency catheter ablation (RFCA) is a rare complication,
but may cause significant morbidity. Angioplasty and stenting
have encouraging acute results but are limited by high
restenosis rate.
Aim: To report the results of IVUS-guided treatment of PVS after
RFCA with peripheral bare metal stent (BMS) + drug (paclitaxel)coated balloons (DCB) and coronary drug eluting stent (DES).

Methods: Eight symptomatic (dyspnea, non-productive cough,
hemoptysis, recurrent pneumonia) pts (7 men, 49±9 years) with
variable level of pulmonary hypertension were considered for
percutaneous PVS treatment 6.3±6.4 (range 2-24) months after
RFCA. MSCT angiography confirmed severe PVS in all pts.
After trans-septal puncture, an 8.5-F Agilis (St. Jude Medical)
steerable introducer was used to engage PV ostia. IVUS was
used to assess PV diameter and lesion length and to guide
proper stent sizing and positioning.
Results: Angiography showed 19 vein lesions (6 PV total
occlusions [PVTO], 1 occlusive ISR, 7 subocclusions and 6
severe stenoses). After predilation with appropriately sized
balloons, 9 proximal trunks were successfully treated with
5 peripheral BMS (6.3±0.8 mm)+DCB (7.4±0.5 mm) and 4
coronary DES (4.6±0.4 mm), 4 distal branches with 4 coronary
DES (4.6±0.2 mm), while 2 distal branches and the occlusive
ISR with DCB only. All DES were postdilated with 1.0-mm larger
NC balloons. We failed to recanalize 1 PVTO in 2 pts. A good
angiographic result was seen in all successfully treated PVS
without procedure-related complications. During a median F/U of
15±15 months, 5 lesions required a redo BMS+DCB procedure
for an occlusive PV restenosis. In the remaining pts there were
no late adverse events and symptoms significantly improved in
all.
Conclusion: Our initial experience with peripheral BMS+DCB
and coronary DES for the treatment of severe PVS after RFCA
in AF patients suggests that this is a safe and viable strategy,
despite of a relatively high restenosis rate requiring redo
procedures.

C-AB10-05
DEFLECTION AND MANIPULATION FOR ESOPHAGEAL
PROTECTION (DAM EP): USE OF THE ESOSURE FOR
ESOPHAGEAL PROTECTION DURING POSTERIOR LEFT
ATRIAL RADIOFREQUENCY ABLATION

Jacob Hantla, CRNA, CCDS, FHRS, Akash Makkar, MD, FHRS,
Hanaa S. Khan, BS and Vijay Swarup, MD, FHRS. Arizona
Heart Anesthesia, Phoenix, AZ, Arizona Heart Rhythm Center,
Phoenix, AZ
Background: Consequences of esophageal thermal injury (ETI)
can be catastrophic; thus esophageal protection during LA RFA
must be prioritized. EsoSure is the first medical device designed
to protect the esophagus by mechanically displacing it. We
present the first study to evaluate the feasibility, effectiveness,
and safety of this device.
Objective: We sought to evaluate the feasibility, effectiveness,
and safety of using the EsoSure for esophageal protection from
ETI during RFA.
Methods: We prospectively evaluated 30 consecutive patients
receiving EsoSure to displace esophagus during RFA compared
retrospectively to 30 consecutive controls, all receiving RFA for
AF. Esophageal temperature (ET) was monitored in all cases;
RFA ceased once ET rose 0.5C from baseline.
Results: EsoSure sufficiently moved the esophagus, lowering
peak ET rise at all PV sites (P<.009), but not at posterior LA
(P=.338). In the case of ET rise, average time waiting for
cooling was diminished in the EsoSure cohort (P<.001). No
complications were noted.
Conclusion: While the incidence of significant ETI during RFA
is low, the consequences are catastrophic and must be avoided.
This first trial of a device designed specifically to mechanically
displace the esophagus has shown feasibility and effectiveness
while improving the efficiency of ablation without causing patient
harm. Further iterations of EsoSure should focus on improved
deflection to protect inferior PVs and mid-posterior LA wall. The
EsoSure shows promise as a valuable tool in the ablationist’s
armamentarium for protection from ETI.
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Conclusion: Arrhenius-based injury models may be useful
in predicting onset of esophageal thermal injury when used
in combination with high-resolution esophageal infrared
thermography. Additional investigation is warranted to identify
esophageal tissue parameters and to refine and further validate
this model.
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C-AB11-01
LESSON LEARNED FROM HIGH-RESOLUTION MAPPING
OF INFARCT-RELATED VENTRICULAR TACHYCARDIA:
DIFFERENTIATION BETWEEN ARRHYTHMOGENIC AND
NON-ARRHYTHMOGENIC SUBSTRATE

C-AB10-06
ESOPHAGEAL INJURY DURING CARDIAC ABLATION
PREDICTED BY ARRHENIUS-BASED MODEL USING
INFRARED THERMOGRAPHY

Matthew G. Daly, MBChB, Ian G. Crozier, MD, Iain Melton,
MBChB, Graham Roper, MBChB, Gary Lim, MBChB and
Shanka Bhowmick, PhD. Christchurch Hospital, Christchurch,
New Zealand, Canterbury Health Limited, Christchurch, New
Zealand, University of Massachusetts, Dartmouth, NH
Background: Atrio-esophageal fistula (AEF) following cardiac
catheter ablation is thought to evolve from an initial thermal
injury extending from the heart into the esophagus. Prior
research on targeted ablation suggest temperatures >50°C for
seconds to minutes are required for irreversible cell death that
may predispose to esophageal injury and AEF. Recent advances
in intra-body, infrared thermal imaging make it possible to
continuously record real-time temperatures from a large
esophageal surface area during cardiac ablation. We sought to
apply a thermal injury model, developed for therapeutic ablation,
to iatrogenic esophageal thermal injury observed following
cardiac ablation.
Methods: Esophageal temperature data were recorded in
9 consecutive patients undergoing radiofrequency catheter
ablation for atrial fibrillation. Esophageal temperatures were
continuously captured from >7,680 sites throughout the
procedure. All physicians were blinded to temperature data and
endoscopy was performed at 24 hours to document presence
or absence of esophageal thermal ulceration. For each patient,
data from 5-minute epochs centered on esophageal temperature
peaks were analyzed and a blinded-prediction of injury was
made using an Arrhenius-equation based model. Since
esophageal tissue parameters (activation energy and frequency
factor) are not well established, cumulative tissue damage (Ω)
was predicted assuming parameters for Liver (L) and Prostate
(P). A value of Ω ≥1.0 is generally considered to represent
irreversible cell damage.
Results: Endoscopy documented esophageal thermal injury in 2
of 9 patients. Damage scores for patients with esophageal injury
were consistent with model predictions (Ω near or ≥ 1.0 for both
L and P parameters). In patients with no evidence of thermal
esophageal injury, Ω was always < 0.20.

Elad Anter, MD, Cory M. Tschabrunn, PhD, Alfred E. Buxton,
MD and Mark E. Josephson, MD. BIDMC, Boston, MA, Beth
Israel Deaconess Medical Center, Boston, MA

Background: substrate mapping techniques of infarct-related
ventricular tachycardia (VT) are both insensitive and nonspecific.
Objective: characterize the zone containing critical components
of reentrant VT circuits “arrhythmogenic zone” during sinus
rhythm (SR); and differentiate it from the zone not containing
critical components of the VT circuit “non-arrhythmogenic zone”.
Methods: 10 swine with chronic anterior wall infarction
underwent LV mapping during SR and VT using Rhythmia highresolution technology. Bipolar voltage amplitude, activation time,
conduction velocities, and electrograms were compared between
arrhythmogenic and non-arrhythmogenic zones. Prospective
validation of arrhythmogenic zone criteria was performed in 10
human patients with infarct-related VT.
Results: 21 VT circuits were completely mapped in swine. The
arrhythmogenic zone was characterized by: 1) significant local
conduction slowing (Δ velocity; p<0.001); 2) bipolar voltage
amplitude <0.5mV; and 3) multicomponent electrograms, distant
from the zone of latest activation. The number of arrhythmogenic
zones per infarct were ≤ 2; with multiple VT morphologies
arising from only few arrhythmogenic zones. The size of the
arrhythmogenic zones was 87.5% smaller than the total low
voltage zone ≤1.5mV (2.5cm2 Vs. 20cm2). In 10 human patients,
6/18 induced VTs were tolerated to allow mapping. All 6 VTs
were mapped to and terminated with ablation in arrhythmogenic
zones. Ablation limited to arrhythmogenic zones resulted in VT
non-inducibility in 9/10 patients.
Conclusion: the infarct-related arrhythmogenic zone is
significantly smaller than the total low voltage area. It is
characterized by significant local conduction slowing (often
distant from sites of isolated late potentials), and is contained
within the bipolar voltage zone <0.5mV. Ablation focused
on elimination of the arrhythmogenic zones can potentially
improve ablation outcome while limiting the number of ablation
applications.
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C-AB11-02
REENTRANT PATTERNS AND TRANSMURAL
CONDUCTION OF VENTRICULARTACHYCARDIA
CIRCUITS IN MAN: ULTRA-HIGH-DENSITY EPICARDIALENDOCARDIALACTIVATION MAPPING

Roderick Tung, MD, FHRS, Michael Raiman, No Degree and
Richard Nagel, No Degree. The University of Chicago Medicine,
Chicago, IL, St. Jude Medical, Minneapolis, MN
Background: The reentrant activation patterns and transmural
extent of VT in man has not been systematically examined using
combined epicardial-endocardial high-density mapping.
Objective: To characterize the full reeentrant VT circuit.
Methods: In 19 patients (NICM=7, ICM 8, ARVC=4) underwent
detailed comprehensive mapping of the entire reentrant circuit
was performed with combined endocardial-epicardial mapping
using a duodecapolar catheter (Livewire, 2-2-2,NAVX, St Jude
Medical, Minneapolis, MN. In 4/5 patients, hemodynamically
unstable VTs were mapped with mechanical support devices
(Impella=3, ECMO=1). Pinwheel reentry was defined as a
localized region with that contained the entire tachycardia cycle
length with rotation around a single point.
Results: Pinwheel reentry activated pattern was observed in
6 VTs and figure of eight patterns were seen in 4 VTs. Focal
activations patterns on both endocardium and epicardium were
seen in 3 cases suggestive of midmyocardial circuitry. The
remaining VT activations were loop reentrant activation patterns.
In 2 patients, a shared isthmus was identified for two distinctly
opposing morphologies. Only 2 patients exhibited continurous
activation throughout the entire cycle length transmurally on both
surfaces during reentry.
Conclusion: Pinwheel reentry was the most common pattern of
VT circuit activation, which often had the appearance of doubleloop “figure of eight” patterns. VT reentrant cricuits may be
smaller than previously characterized. Non-transmural activation
patterns were commonly observed highlighting the complex
nature of reentry across the myocardial wall.

C-AB11-03
REENTRANT ACTIVITIES DURING CARDIOMYOPATHIC VF
RELATE TO STRUCTURAL SUBSTRATE DISTRIBUTION:
A COMBINED IMAGING AND ELECTROCARDIOGRAPHIC
MAPPING STUDY

Hubert Cochet, MD, PhD, Ghassen Cheniti, MD, PhD, Masateru
Takigawa, MD, Remi Dubois, PhD, Josselin Duchateau, MD,
Frederic Sacher, MD, Nicolas Derval, MD, Arnaud Denis, MD,
Pierre Jais, MD, Meleze Hocini, MD and Michel Haissaguerre,
PhD. Université de Bordeaux, Bordeaux, France, University
of Bordeaux, Bordeaux, France, Hopital Cardiologique Haut
Leveque - Université Bordeaux, Bordeaux, France, Bordeaux
University Hospital / LIRYC institute, Bordeaux, France, Hopital

du Haut Leveque, Pessac, France, CHU Bordeaux, Bordeaux,
France, CHU Bordeaux - Bordeaux University, Bordeaux,
France, LIRYC Institute, University Hospital of Haut Lévèque,
Bordeaux-Pessac, France, Hopital Cardiologique Haut
Leveque - Université Bordeaux, Pessac, France
Background: The mechanisms involved in the sustenance of
scar-related VF are poorly understood.
Methods: 12 patients with cardiomyopathic VF underwent
imaging (CT and/or CMR) and ECGI during ICD testing to record
10s of VF. Dedicated signal processing was applied to detect
reentry, defined on phase maps as any phase singularity lasting
more than 3 rotations. Scar segmentation from imaging was
registered to ECGI data on a biventricular epicardial geometry.
The geodesic distance to the closest scar border was computed
for each point of the mesh, expressed in mm. On these distance
maps, negative values indicate areas within scar, positive values
areas outside scar, and zero value indicates scar border.
Results: All patients had structural heart disease with mean
LVEF of 33 [IQR 25-39] %. Focal scar was found on imaging
8 (all of ischemic origin, 4 anterior, 2 inferior, 2 lateral). The
absence of focal scar on imaging in the 4 remaining patients
suggested a diffuse substrate. The median number of reentrant
regions was 4 [IQR 3-4.5] per patient. In patients with focal scar,
scar area was 76 [IQR 53-85] cm2. Reentrant regions clustered
to scar borders, with a distance to scar in regions with vs
without reentry of +3.6 [-7.1 - +20.0] vs +28.2 [+6.9 - +50.5] mm,
P<0.0001. In contrast, no clustering of reentries was observed in
the 4 patients with no focal scar.
Conclusion: Reentrant activity during cardiomyopathic VF
anchors to scar borders, while the absence of focal substrate
on imaging is associated with diffuse reentry trajectories. These
results provide new insights into VF mechanisms, and pave the
way for potential novel therapies aiming at substrate-modification
in scar-related VF.
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C-AB11-04
CAN CT SCAN IDENTIFY CRITICAL ISTHMUSES IN POSTINFARCTION VT: A MULTI-CENTER STUDY

Hubert Cochet, MD, PhD, Masateru Takigawa, MD, Josselin
Duchateau, MD, Frederic Sacher, MD, Maxime Sermesant,
PhD, Benjamin Berte, MD, PhD, Pasquale Santangeli, MD,
Francis E. Marchlinski, MD, FHRS, Rukshen Weerasooriya,
MD, Dagmara M. Dilling-Boer, MD, Srinivas Dukkipati, MD,
Vivek Y. Reddy, MD, David J. Wilber, MD, Frank M. Bogun,
MD and Pierre Jais, MD. Université de Bordeaux, Bordeaux,
France, Yokosuka Kyosai Hospital, Yokosuka, Japan, Bordeaux
University Hospital / LIRYC institute, Bordeaux, France, INRIA
Sophia Antipolis, Sophia Antipolis, France, Klinik im Park,
Zurich, Switzerland, University of Pennsylvania, Philadelphia,
PA, University of Pennsylvania Health System, Philadelphia,
PA, AF Ablation Clinic, Perth, Australia, Virga Jesse Ziekenhuis,
Hasselt, Belgium, Mount Sinai School of Medicine, New York,
NY, Loyola University Medical Center, Maywood, IL, University
of Michigan, Ann Arbor, MI, CHU Bordeaux - Bordeaux
University, Bordeaux, France
Background: Surviving fibers within scar are the substrate of
reentrant VT.
Objective: To demonstrate that VT substrate can be detected on
CT images as channels of relatively preserved thickness within
scar.
Methods: From Sept 2015 to Nov 2016, post infarction VT pts
from 9 centers of the MUSIC network were included if they had a
critical isthmus characterized either by high density VT mapping
or concealed entrainment and VT termination site. Cardiac CT
images were processed to derive maps of LV thickness. Two
observers blinded to mapping results identified CT-derived
anatomical channels as corridors of moderate thinning between
2 severely thinned areas. The relationship between CT-channels
and critical isthmuses was analyzed.
Results: Out of 151 MUSIC-guided procedures for postinfarction VT, critical isthmuses were identified in 20 pts (60±13
yrs, LVEF 30±10%, 3 women). In these patients, a total of
89 VTs were induced. The critical isthmus was characterized
in 26 (CL 478±116ms), using mapping in 18, and concealed
entrainment and VT termination in 8. 45 CT-channels were
found (2.3±0.9/pt), most being straight while 9(20%) had a Y
shape. The thickness at the center of channels was 3.4±0.6mm
vs 1.9±0.3mm at lateral boundaries. In total, 24/26(92%) of all
critical isthmuses matched with a CT-channel, while 24/45(53%)
of all CT-channels hosted a critical isthmus amenable to
characterization. 16/18 tested pts (89%) were rendered non
inducible after ablation.
Conclusion: Critical isthmuses in post infarction VT are
localized in anatomical channels of relatively preserved wall
thickness on CT. This finding might have major implications on
catheter ablation

C-AB11-05
INTRAMURAL ABNORMAL CONDUCTION IDENTIFIED
FROM INTRAMURAL NEEDLE PACING AND ITS RELATION
TO ENDOCARDIAL SUBSTRATE MAPPING

Akira Fujii, MD, Shin-ichi Tanigawa, MD, Saurabh Kumar, MD,
PhD, Nishaki Mehta, MD, Sunil Kapur, MD, Kathryn Finnerty,
No Degree, Dror Levy, No Degree, Daniele Ghidoli, No Degree,
Amir M. AbdelWahab, MD, Roy M. John, MD, PhD, Usha B.
Tedrow, MD, Usha B. Tedrow, MD, John L. Sapp, MD, FHRS
and William G. Stevenson, MD, FHRS. Brigham and Women’s
Hospital, Boston, MA, Brigham and Women’s Hospital - Cardiac
Arrhythmia Service, Boston, MA, Brigham and Women’s
Hosptial, Boston, MA, Biosense Webster, Boston, MA, QE
II Health Science Center, Halifax, NS, Canada, QE II Health
Sciences Centre, Halifax, NS, Canada
Background: Intramural reentry substrates are a challenge
for ablation of scar-related ventricular tachycardia (VT). During
endocardial pacing, a stimulus (S)-QRS > 40 ms is associated
with abnormal conduction. We sought to characterize the
relationship of intramural conduction with S-QRS > 40 ms during
intramural needle pacing to overlying endocardial conduction
assessed from S-QRS during endocardial pacing.
Methods: Six patients (61±11 years; 2 CAD, 3 non-ischemic
heart disease) who had failed 1 to 3 prior ablation procedures
were studied with a second generation irrigated RF needle
catheter. Due to unstable or non-inducible VTs endocardial
voltage maps and pace-mapping were preformed first, followed
by needle deployment at selected abnormal sites. At63 sites
in left ventricle endocardial pacing was followed by needle
deployment and pacing from the needle. All pacing was unipolar
at 10 mA 2 ms. NC = no capture.
Results: Using S-QRS prolongation as evidence for abnormal
conduction and lack of capture as evidence of dense fibrosis,
the findings of endocardial and intramural needle pacing are
concordant for 73% and discordant at 27% of potential LV
substrate sites. (Table).
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Conclusion: Intramural extensions of potential arrhythmia
substrate appear similar in pacing characteristics to the tissue
that can be captured by overlying endocardial pacing. Evidence
of abnormal conduction was present at all sites where the
endocardium was unexcitable, but the needle reached intramural
excitable tissue.

electroanatomy was present in 61 of 119 regions of all patients
(51%; 57±12 years; range 47-79 years; n=7, 6 male) undergoing
VT ablation. The semiquantitative evaluation of left ventricular
scar revealed a summed defect score of 19.7±11.6 for
innervation and 12.3±9.1 for electroanatomical mapping.
Conclusion: Detection of mismatches between innervation
and electroanatomy via our custom made software facilitates
intuitive and reproducible mismatch detection and can be easily
integrated in clinical and procedural workflow.

Figure: Polar plots reveal a mismatch (#) in sympathetic
innervation and electroanatomical voltage.

C-AB11-06
DETECTION OF MISMATCH BETWEEN
ELECTROANATOMICAL VOLTAGE AND SYMPATHETIC
INNERVATION IN PATIENTS UNDERGOING VT ABLATION
Christiane Jungen, MD, PhD, Christiane Klene, MD, Pawel
Kuklik, PhD, Christian Eickholt, MD, Susanne Klutmann, MD,
Stephan Willems, MD, PhD, Janos Mester, PhD and Christian
Meyer, MD. Department of Cardiology - Electrophysiology,
University Heart Center, University Hospital HamburgEppendorf, Hamburg, Germany, Department of Nuclear
Medicine, University Hospital Hamburg-Eppendorf, Hamburg,
Germany

Background: Regional cardiac sympathetic denervation
causes electrophysiological heterogeneity and has been found
to be a predictor of potentially lethal ventricular tachycardia
(VT). An initial study suggests that mismatch areas between
electroanatomical voltage and sympathetic innervation may be
relevant ablation targets.
Objective: To determine areas of mismatch between
electroanatomy and innervation in patients undergoing VT
ablation.
Methods: A custom made software displayed intraprocedurally
acquired (CARTO®, Biosense Webster, Diamond Bar, CA, US)
electroanatomical maps as polar plots. I-123-MIBG-SPECT
data, which represent sympathetic innervation, were also
reconstructed as polar plots (4DMSPECT, INVIA, Ann Arbor, MI,
US) using a dedicated normal database. The 17-segment model
of the AHA was used to semiquantitatively analyze scar areas by
a summed defect score.
Results: Direct regional comparison of innervation with
electroanatomy in the left ventricle (Figure) was intuitive
and feasible. A regional mismatch between innervation and
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C-AB12-01
DETECTING ATRIAL FIBRILLATION USING A SMART
WATCH - THE MRHYTHM STUDY

Jose M. Sanchez, MD, Brandon Ballinger, BS, Jeffrey E. Olgin,
MD, FHRS, Mark J. Pletcher, MD, MPH, Eric Vittinghoff, PhD,
Emily Lee, BA, Shannon Fan, BA, Nimit Sohoni, BS, Carlos
Mikell, BS, Johnson Hsieh, MS, Rachel A. Gladstone, BA and
Gregory M. Marcus, MD, FHRS. University of California San
Francisco - Div. of Cardiology Cardiac EP, San Francisco, CA,
Cardiogram Inc, San Francisco, CA, University of California San
Francisco - Department of Epidemiology and Biostatistics, San
Francisco, CA, University of California San Francisco - School
of Medicine, San Francisco, CA, Queen›s University - School of
Medicine, Kingston, ON, Canada
Background: Atrial fibrillation (AF) is one of the most common
causes of stroke, but it is often asymptomatic. Smartwatches
use photoplethysmography (PPG) to detect heart rate, and could
provide a way to detect “silent” AF.
Objective: To determine if a deep learning algorithm could
detect AF using heart rate data measured by PPG on an Apple
Watch.
Methods: AF patients without a ventricular paced rhythm
undergoing cardioversion were enrolled. Participants were fitted
with an Apple Watch for 20 minutes pre- and post-cardioversion,
and continuous heart rate data in “workout mode” (enabling
heart rate measurements every 5 seconds) was obtained. A
standard 12-lead electrocardiogram was used as the reference
standard.
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Results: Successful cardioversion was performed in 41 patients.
They were 66 +/- 11 years old, 28 (68%) male, 25 (61%) white,
and 22 (54%) had normal left ventricular function. The C-statistic
for AF detection using the deep learning algorithm was 0.94
(Figure), higher than previously validated algorithms for AF
detection.
Conclusion: An Apple Watch accurately distinguished pulse
recordings during AF from those obtained during normal sinus
rhythm. Detecting AF using commonly and continuously worn
devices may represent a novel opportunity to passively and
automatically detect asymptomatic AF.

Heart Rhythm, Vol. 14, No. 5, May Supplement 2017
satisfaction, respectively. Despite report of no complaint during
the initial medical interview, the logistic regression analysis
demonstrated that catheter ablation (CA) was an independent
predictor of an improvement in AFEQT scores at 1 year followup (symptom; odds ratio (OR) 2.15; 95% conﬁdence interval
(CI) 1.22-3.83; P=0.007, functioning; OR 2.46; 95% CI 1.384.43; P=0.002, concern; OR 2.82; 95% CI 1.59-5.08; P<0.001,
satisfaction; OR 3.40; 95% CI 1.82-6.47; P<0.001).
Conclusion: There was discrepancy between chart-documented
complaint and research-based patient QOL questionnaire among
‘asymptomatic’ patients. More importantly, CA, when performed
on these patients, improved the QOL by the subjective
questionnaire assessment.

C-AB12-03
THE IMPACT OF CATHETER ABLATION FOR
ASYMPTOMATIC LONGSTANDING PERSISTENT ATRIAL
FIBRILLATION ON EXERCISE PERFORMANCE

Yasuaki Tanaka, MD, Kenji Okubo, MD, Takamitsu Takagi,
MD, Jun Nakajima, MD, Katsumasa Takagi, MD and Atsushi
Takahashi, MD. Yokosuka Kyosai Hospital, Kanagawa, Japan

C-AB12-02
CHANGE IN THE QUALITY OF LIFE AFTER CATHETER
ABLATION ON ‘ASYMPTOMATIC’ PATIENTS WITH ATRIAL
FIBRILLATION

Yoshinori Katsumata, MD, Takehiro Kimura, MD, Shun Kohsaka,
MD, Ikuko Ueda, MD, Nobuhiro Ikemura, MD, Mitsuaki
Sawano, MD, Kazuaki Nakajima, MD, Akira Kunitomi, MD, Shin
Kashimura, MD, Takahiko Nishiyama, MD, Nobuhiro Nishiyama,
MD, Yoshiyasu Aizawa, MD, Keiichi Fukuda, MD, PhD and Seiji
Takatsuki, MD. Keio University, Tokyo, Japan, Keio University
School of Medicine, Shinjuku-ku, Japan, Keio University School
of Medicine, Tokyo, Japan, Cardiopulmonary Division, Keio
University School of Medicine, Tokyo, Japan, Keio University
School of Medicine, Tokyo, Japan
Background: During the past decade, the strategy of atrial
fibrillation (AF) treatment has dynamically changed after the
development of catheter ablation (CA). However, the ideal
treatment strategy for ‘asymptomatic’ patients with AF remains to
be established as its definition is not as easy as it seems.
Objective: One year effects of the catheter ablation (CA) on
quality of life (QOL) who were ‘asymptomatic’ upon the physician
encounter were evaluated in multicenter outpatient based AF
registry.
Methods: The Keio interhospital Cardiovascular Studies AF
(KiCS-AF) Registry enrolled 1,020 patients from 2012 to 2015.
Of these, 402 ‘asymptomatic’ patients (age: 66±11, range: 37-94
years, male: 329 (82%), CHADs score: 1.3±1.3), who had no
subjective complaints during a medical interview in an outpatient
clinic, were analyzed. Clinical characteristics and QOL scores
were compared using the Atrial Fibrillation Effect on QualiTy-ofLife (AFEQT) questionnaire, resulting in score between 0-100
with 100 being most satisfactory.
Results: Among 402 ‘asymptomatic’ patients, one hundred
and fifty (37%) patients had paroxysmal AF, and sixty-six (16%)
had anti-arrhythmic drugs. The scores at the enrollment were
87.5±15.6, 82.4±17.1, 83.7±16.9, and 70.7±20.3 in the each
domain of AFEQT reflecting symptom, functioning, concern, and

Background: The patients with atrial fibrillation (AF) are
reduced exercise capacity due to the impairment of the cardiac
output. However, it is unclear the effect of the catheter ablation
for the exercise performance in the patients with asymptomatic
longstanding persistent AF.
Objective: The aim of this study was to clarify whether the
catheter ablation can improve exercise performance even in the
patients with asymptomatic longstanding persistent AF.
Methods: This study included 65patients with asymptomatic
longstanding persistent AF (mean age: 59±10years, female: 9,
mean AF duration: 62±65months) who underwent first catheter
ablation. Extensive pulmonary vein (PV) isolation plus ablation
for non-PV triggers and/or linear ablation was performed in
all patients. Cardiopulmonary exercise tests (CPX) using an
electromagnetically braked cycle ergometer were performed
before and 2 months after ablation procedure. The patients
performed a symptom-limited incremental exercise test (1 watts
every 6 seconds) to determine their anaerobic threshold by
respiratory gas analysis.
Results: At the 2 months (±2weeks) after ablation, 54 patients
(83%) maintained sinus rhythm and remaining 11patients (17%)
had recurrence of AF. Compared to baseline, post procedural
CPX in recurrence-free patients showed significant reduction
in resting and peak heart rate (89±18 vs. 70±13bpm; P<0.0001
and 165±32 vs. 126±28bpm; P<0.0001, respectively), increase
in peak oxygen uptake (VO2: 20.4±4.5 vs. 22.1±5.0mL/min/
kg, p<0.001), anaerobic threshold identified by V-slope method
(AT: 15.1±3.1vs. 16.7±3.9mL/min/kg; p<0.0001), and ratio of
the increase in VO2 to the increase in work rate (∆VO2/∆WR:
9.0±1.7 vs. 9.4±1.4mL/min/W; p=0.03) and decrease in slope
of the increase in ventilation to the increase in CO2 output (VEVCO2 slope: 31.5±5.1vs. 30.1±4.4; p<0.01). No improvement
was observed in patients with recurrence of AF.
Conclusion: Successful ablation improves exercise
performance even in asymptomatic longstanding persistent AF
patients. The possible mechanism for this effect is improvement
of cardiac output response during exercise.
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C-AB12-04
GOOD ARRHYTHMIA CONTROL AFTER CATHETER
ABLATION FOR ATRIAL FIBRILLATION IS ASSOCIATED
WITH LOWER ALL-CAUSE MORTALITY

Dan Wichterle, MD, PhD, Petr Peichl, MD, PhD, Bashar
Aldhoon, MD, PhD, Predrag Stojadinovic, MD, Robert Cihak,
MD, PhD and Josef Kautzner, MD, PhD. Institute for Clinical and
Experimental Medicine, Prague, Czech Republic
Background: Catheter ablation (CA) for atrial fibrillation
(AF) improves symptoms, quality of life and might reduce the
mortality. Maintenance of sinus rhythm after CA for AF has been
associated with significantly lower risk of cardiac death.
Objective: We hypothesized that successful CA for AF is
associated with the reduction in all-cause mortality.
Methods: We analyzed a database of patients who underwent
CA for AF at our institution between 2001-2016. Good arrhythmia
control assessed at final clinical visit was defined as significant
reduction of arrhythmia burden if this was achieved without
antiarrhythmic drugs in patients with paroxysmal AF. Nonamiodarone drugs were allowed for rhythm control in patients
with persistent AF. Long-term survival was verified in the national
registry of citizens.
Results: A total of 3014 patients (age: 59 ± 10 years; males:
68%; paroxysmal AF: 68%; LV ejection fraction (LVEF): 56 ± 8%;
coronary artery disease (CAD): 8%) underwent 4103 CA (1.4
± 0.7 per patient). Median follow-up was 20 and 49 months for
arrhythmia status and mortality, respectively. Good arrhythmia
control was achieved in 62% of patients; 121 (4%) patients died.
Absence of good arrhythmia control was associated with the risk
of death (HR = 2.0; 95% CI: 1.4 - 2.9; Figure). This association
was preserved (HR = 1.8; 95% CI: 1.3 - 2.6) in multivariate Cox
regression model with other significant clinical factors: persistent
AF (HR = 1.5; 95% CI: 1.0 - 2.2), age >60 years (HR = 1.7; 95%
CI: 1.2 - 2.6), LVEF ≤55% (HR = 1.7; 95% CI: 1.2 - 2.4), and
CAD (HR = 2.8; 95% CI: 1.8 - 4.4).
Conclusion: Poor arrhythmia control after CA for AF is
independently associated with the risk of all-cause death.

of Pennsylvania, Philadelphia, PA, Hospital of Univ of
Pennsylvania, Cardiology, Philadelphia, PA, Hospital Of The
University of Pennsylvania, Philadelphia, PA, Hospital of the
University of Pennsylvania - Cardiovascular Div., Philadelphia,
PA, Hosp of The University of Pennsylvania, Philadelphia, PA,
University of Pennsylvania, Philadelphia, PA, University of
Pennsylvania Health System, Philadelphia, PA
Background: In patients undergoing catheter ablation of atrial
fibrillation (AF) presence of non-pulmonary vein (PV) triggers
has been associated with worse arrhythmia-free survival.
Objective: We evaluated the prevalence and outcomes of
catheter ablation of non-PV triggers in patients with AF.
Methods: We included consecutive patients undergoing first
time AF ablation. Patients underwent a standardized trigger
protocol including cardioversion of induced or spontaneous AF
and infusion of up to 20 mcg of isoproterenol for 15-20 minutes
either before and/or after PV isolation accomplished. Triggers
were defined as AF/sustained atrial tachyarrhythmia (AT) or
repetitive atrial premature depolarizations. Patients underwent
wide antral PV isolation plus focal ablation and/or isolation
(e.g., left atrial posterior wall, superior vena cava) of non-PV
triggers with the endpoint of trigger suppression with lack of AF
reinducibility at repeat isoproterenol challenge.
Results: A total of 2168 patients were included (57±11 years,
75% males - 71% paroxysmal AF, 23% persistent, and 7%
longstanding persistent AF). Trigger induction protocol provoked
277 non-PV triggers in 234 (11%) patients, with no significant
differences between PAF and non-PAF (P=0.996 for comparison
across groups). The most common non-PV trigger sites of
origin were the crista terminalis/Eustachian ridge region (85/234
[36%]), followed by the coronary sinus/mitral annulus (36/234
[15%]), the superior vena cava (34/234 [14%]), and the left atrial
posterior wall (11/234 [5%]). Non-PV triggers were successfully
ablated in all patients. Cumulative freedom from recurrent AF/
atrial tachycardia (AT) (on and off antiarrhythmic drug therapy)
was achieved in 64% of patients at 1 year (67% in PAF and
57% in PerAF/LSPAF). Outcomes were similar when comparing
patients with inducible non-PV triggers versus those without nonPV triggers (61% vs. 64%, respectively, P=0.43).
Conclusion: In patients undergoing first-time AF ablation,
sustained non-PV triggers can be induced in up to 11% of
patients and, when effectively targeted for ablation, do not seem
to adversely impact long-term freedom from AF/AT.

C-AB12-06
DOES THE 30 SECOND GOLD STANDARD DEFINITION OF
ATRIAL FIBRILLATION CORRELATE WITH SUBSEQUENT
CLINICALLY MEANINGFUL ARRHYTHMIA PATTERNS?
Jonathan S. Steinberg, MD, Shelby Li, MD, MSc, Heather
Mattson, MS and Paul D. Ziegler, MS. University of Rochester
School of Medicine, Short Hills, NJ, Medtronic, Inc.,
Minneapolis, MN, Medtronic, Mounds View, MN

C-AB12-05
OUTCOMES OF CATHETER ABLATION OF FOCAL NONPULMONARY VEIN TRIGGERS FOR ATRIAL FIBRILLATION
Pasquale Santangeli, MD, Erica S. Zado, PA, David Lin, MD,
Michael P. Riley, MD, PhD, Fermin C. Garcia, MD, David S.
Frankel, MD, FHRS, Gregory Supple, MD, Robert Schaller,
DO, Sanjay Dixit, MD, FHRS, David J. Callans, MD and
Francis E. Marchlinski, MD, FHRS. Hospital of the University

Background: The current HRS consensus statement arbitrarily
defines atrial fibrillation (AF) ablation failure as any episode ≥30s
but this may not be clinically meaningful. If very brief AF events
are not correlated to longer AF events, the rationale for this very
sensitive endpoint is questionable and suggests that ablation
success may be consistently underestimated.
Objective: To determine whether short duration AF episodes
are followed by clinically meaningful AF durations and overall
burden.
Methods: Patients implanted with a dual chamber pacemaker
having atrial arrhythmia sensing capabilities were enrolled into
Medtronic’s Product Surveillance Registry between 2005-2016.
Patients with device-detected AF and follow-up >30 days,
regardless of AF or ablation history, were analyzed. Descriptive
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statistics for % AF burden per patient were obtained for different
1st AF episode duration cut-offs (30s, 1min, 2min, 6min, 3.8h,
5.5h, 24h) based on published literature.
Results: A total of 587 pacemaker patients (age 71.0±14.2yr,
54% male, follow-up 3.7±2.0yr) with device-detected AF were
evaluated. Of those, 569 had ≥1 AF episode of ≥30s duration,
with a median of 24 episodes. Of patients with a 1st AF episode
between 30s-2min, 41.3% did not have a subsequent event
>2min by 12 months. For patients with a 1st AF episode between
30s - 3.8h, total median AF burden was only 0.2% while patients
with a 1st AF episode ≥3.8h had a greater total median AF
burden of 3.8% (p<0.0001, Figure).
Conclusion: The presence of an initial AF episode of 30s does
not predict clinically meaningful AF patterns. Therefore, alternate
definitions for AF ablation success may be more relevant.
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C-AB13-01
THE FREEZE COHORT STUDY: LARGEST PROSPECTIVE
MULTICENTER COMPARISON CRYOBALLOON VS
RADIOFREQUENCY ABLATION OF PAROXYSMAL AND
PERSISTENT AF - PROCEDURAL SAFETY AND EFFICACY
RESULTS

Ellen Hoffmann, MD, Florian Straube, MD, Malte Kuniss,
MD, Dietrich Andresen, MD, Li-Qun Wu, MD, Juergen
Tebbenjohanns, MD, Uwe F. Dorwarth, MD, Taoufik Ouarrak,
DMSc, Johannes Brachmann, MD, Karl-Heinz Kuck, MD, FHRS
and Jochen Senges, MD. Heart Center Munich-Bogenhausen,
Munich, Germany, Kerckhoff Heart and Thorax Center, Dept
of Cardiology, Bad Nauheim, Germany, Klinikum Am Urban,
Berlin, Germany, Shanghai Rui Jin Hospital, Electrophysiology
Division, Dept. Of Cardiology, Shanghai, China, Helios Klinikum
Hildesheim, Hildesheim, Germany, Staedt Krankenhaus
Bogenhausen, Muenchen, Germany, Stiftung Institut für
Herzinfarktforschung, Ludwigshafen, Germany, II Medizinische
Klinik Klinikum Coburg, Coburg, Germany, Asklepios Klinik St.
Georg, Hamburg, Germany
Background: Catheter ablation is a treatment option for
symptomatic paroxysmal or persistent atrial fibrillation (AF).
Pulmonary vein isolation (PVI) is the cornerstone of the
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procedure. Radiofrequency (RF) ablation is the dominant
technique and cryoballoon (CB) ablation is the second most
frequently used method.
Objective: This interim report upon completion of enrollment
includes a comparison of procedural safety and efficacy results.
Methods: The FREEZE Cohort Study is a prospective
observational multicenter multinational study to evaluate safety
and effectiveness of CB ablation for PVI as compared to RF in
patients with paroxysmal or persistent AF.
Results: From 2011 to 2016, a total of 4,186 patients from 41
centers in seven countries underwent an initial RF (n=1868)
or CB (n=2318) ablation procedure. Patients in the RF group
were older (63 vs. 61 years, p<0.0001), and persistent AF was
more frequently reported (44 vs. 30%, p<0.0001). Acute PVI
was achieved in 99.1 and 97.3% of veins in the RF and CB
group, respectively (p<0.0001). The procedure and LA time
were 158.9±59.4 and 124.6±53.5 in the RF and 127.2±49.8
and 93.9±37.6 min. in the CB group (for both p<0.0001). The
fluoroscopy time was 20.7±13.8 in the RF and 24.9±23.9 min.
in the CB group (p<0.0001). No differences were observed for
arrhythmia recurrence until discharge. These findings remained
consistent after adjustment. Independent predictors of “AF
recurrence until discharge” were ,paroxysmal AF”, ,inefficacy
of AAD”, ,diabetes” and ,AF at baseline”, but not the assigned
treatment arm itself. The rate of reported major bleeding was
higher in the RF group (0.5 vs. 0.1%, p=0.04). The rate of
phrenic nerve palsies not resolved at discharge was higher in the
CB group (RF 0.1 vs. CB 1.1%, p<0.0001).
Conclusion: CB and RF ablation demonstrated significant
differences in procedural safety and effectiveness: In the RF
group, the rate of acute PVI was higher and the radiation
exposure was lower as compared to the CB group. In the
CB group, shorter procedure times and lower rates of major
bleeding were observed. (Investigator-initiated FREEZE Cohort
Study conducted by ,Stiftung Institut fuer Herzinfarktforschung”
Germany, supported by Medtronic, ClinicalTrials.gov
NCT01360008)

C-AB13-02
IS THE SECOND GENERATION CRYOBALLOON REALLY
BETTER THAN THE PREVIOUS ONE? LONG-TERM
RESULTS OF A LARGE COHORT STUDY

Sandrine Venier, MD, Elodie Laurent, MD, Peggy Jacon, MD,
Nicolas Dayal, MD, Floriant Dugenet, MD, Alioune Tabane, MD
and Pascal Defaye, MD. Grenoble Alpes University Hospital,
Grenoble, France
Background: Long-term outcome data comparing first and
second generation cryoballoon (CB) for pulmonary vein isolation
(PVI) in large cohorts of patients with paroxysmal atrial fibrillation
are lacking.
Objective: The aim of this study was to compare the long-term
success rates of PVI using first and second generation CBs (CB1 vs CB-2) in patients with atrial fibrillation (AF).
Methods: 767 patients with drug-refractory paroxysmal or
short-standing (<3-month duration) persistent AF were enrolled
between may 2007 and may 2015 prospectively in our center.
The primary efficacy end point was the first documented AF or
atrial flutter >30 seconds, excluding a 3-month blanking period.
Results: The 767 patients (58 ± 10 years old) underwent AF
cryoablation (244 in the CB-1 and 523 in the CB-2 group). Mean
duration of follow-up was 3.3 ± 0.9 years. CB size was 28mm in
all procedures, with adjunction of 23mm CBs in 18% of CB-1 and
5.8% of CB-2 patients p<0.0001. The primary efficacy end point
occurred in 87 patients in the CB-1 group and in 170 in the CB-2
group (3.3-year Kaplan-Meier event rate estimates 33.2% and
32.1%; hazard ratio, 0.94; 95% [CI], 0.69 to 1.29;). CB-2 was
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associated with shorter procedure time (118 ± 38 min CB-1 vs
96 ± 27 min CB-2; p < 0.0001) and fluoroscopy time (19±10 min
CB-1 vs 10±6 min CB-2; p< 0.0001). Procedure-related adverse
events (CB-1: 1.0% vs CB-2: 1.2%; p = 0.6) were similar.
Conclusion: The second-generation CB significantly decreased
the procedure and fluoroscopy time compared to the firstgeneration, with no significant difference in terms of long term
efficacy.

The Kaplan-Meier curve didn’t show any significant difference in
AF-free survival (Log Rank Test p=0,49), with favourable trend in
CB3 group (74% versus 65 % at 12 months).
Conclusion: Novel CB3 is a useful tool in order to simplify
AF cryoballoon ablation when compared to second generation
cryoballoon. Early follow up data seem confirm a clinical CB3
efficacy at least comparable to previous technology.

C-AB13-03
IMPACT OF THE THIRD GENERATION CRYOBALLOON ON
ATRIAL FIBRILLATION ABLATION. A FOLLOW UP

Luigi Sciarra, MD, Saverio Iacopino, MD, Zefferino Palama,
DDS, Ermenegildo de Ruvo, MD, Pasquale Filannino, MD,
Alessio Borrelli, MD, Paolo Artale, MD, Alberto Caragliano,
MD, Antonio Scarà, MD, Paolo Golia, MD, Lucia De Luca,
MD, Giovanni Luzzi, MD, PhD, Domenico Grieco, MD, Marco
Rebecchi, MD, Stefano Favale, MD and Leonardo Calo, MD.
Policlinico Casilino, Cardiology, Roma, Italy, GVM Care and
Research, Cotignola (RA), Italy, Policlinico Casilino, Rome, Italy,
GVM Care and Research, Cardiology, Cotignola (RA), Italy,
GVM Care and Research, Cardiology, Roma, Italy, Policlinico
Casilino, Cardiology, Rome, Italy, Cardiology Department,
University of Bari, Bari, Italy, Division of Cardiology, Policlinico
Casilino, Rome, Rome, Italy, Policlinico di Bari, Cardiology, Bari,
Italy
Background: Third-generation cryoballoon (CB3) is
characterized by 40% shorter distal tip designed to increase
pulmonary veins real-time signal recording rate with the
possibility to measure time necessary to isolate veins, the “Time
to effect” (TTE). No consistent data are currently available on
CB3 treated patients clinical follow up.
Objective: To compare acute efficacy and early clinical follow-up
data of patients with AF, treated with second and third generation
cryoballoon.
Methods: Sixtyeight consecutive patients (mean age 57.8±9.6
years, 48 male) with paroxysmal or persistent AF were enrolled.
Thirthyfour (25 paroxysmal AF) underwent to a 28 mmCB3
pulmonary veins isolation and were compared to 34 treated (21
paroxysmal AF) with 28 mmCB2.
Results: A total of 270 pulmonary veins were successfully
isolated. The CB3 use was correlated to significant increase in
TTE measure in every treated veins (left superior 82,35% vs
23,53%, left inferior 70,59% vs 38,24%, right superior 58,82% vs
14,71%, right inferior 52,94% vs 17,65%). A shorter procedure
was observed in CB3 group (91.4±21.7 vs 110.9±31.8 min,
p=0.018), with a significant reduction in cryoenergy delivery time
(24.2±8.5 vs 20.3±6.7 min, p<0.05). Mean follow up period in
CB3 group is 9,4±3,8 months and 12±3,2 months in CB3 group.

C-AB13-04
LASER BALLOON OR WIDE AREA CIRCUMFERENTIAL
RADIOFREQUNCY ABLATION FOR PERSISTENT ATRIAL
FIBRILLATION

Boris Schmidt, MD, FHRS, Peter Neuzil, MD, Armin Luik, MD,
Oscar Cano, MD, Jan W. Schrickel, MD, Thomas Deneke, MD,
PhD, Stefano Bordignon, MD, Lucie Sediva, PhD, Matthias
Merkel, MD, Jan Petru, MD, Laura Perrotta, MD and Julian
Chun, MD. Cardioangiologisches Centrum Bethanien, Frankfurt/
Main, Germany, Homolka Hospital, Prague, Czech Republic,
Staedtisches Klinkum Karlsruhe, Karlsruhe, Germany, Hospital
Universitari i Politècnic La Fe, Valencia, Spain, Univ of Bonn Dept of Medicine-Cardiology, Bonn, Germany, Heartcenter Bad
Neustadt, Bad Neustadt, Germany
Background: Pulmonary Vein Isolation (PVI) is the cornerstone
of any ablation procedure for patients with persistent atrial
fibrillation (pers AF). The role of balloon catheters in pers AF
remains ill defined.
Objective: We sought to compare efficacy and safety of
visual guided PVI using the laser balloon (LB) with wide area
circumferential PVI using irrigated radiofrequency current (RF)
ablation and 3D mapping in a prospective randomized multicentre study.
Methods: In 6 European centres, pers AF were prospectively
randomized. For RF procedures wide area circumferential PVI
using a 3D mapping system and a circumferential mapping
catheter was performed. In the LB group, PVI was achieved by
circular ablation around each PV under visual guidance. After
PVI electrical cardioversion (ECV) was used to restore sinus
rhythm. Antiarrhythmic drug treatment was only permitted during
the first 90 days after ablation. Follow-up included 3-day HolterECG recordings and office visits at 3, 6 and 12 months. The
primary efficacy endpoint was freedom from any AT/AF between
day 90 and 365 after a single ablation. The primary safety
endpoint was the incidence of any complications. Data collection
and statistical analysis were performed by an external CRO and
an independent biostatistician.
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Results: 134 (n=68 LB and n=66 RF) patients (63 % male;
mean age 66+10 years) with pers AF (median AF history 14
mths (q1-q3: 7-36 mths) underwent PVI and completed the
entire follow-up. Baseline parameters were similar in both
groups. Procedure and fluoroscopy times were similar in both
groups (135±38 and 14±9 min (LB) versus 128±51 and 11±9
min). The primary safety endpoint occurred in 3 and 2 patients
in the LB and RF group, respectively. No deaths or pericardial
tamponade occurred. The primary efficacy endpoint was met
by 28.8% versus 30.7%, in the LB and RF group , respectively
(p=0.01 for non-inferiority; p=0.40 for superiority).
Conclusion: This is the first randomized multi-centre study
assessing the outcome of PVI using two different ablation
devices in patients with pers AF. A LB guided strategy was
associated with similar results as wide area circumferential PVI
using irrigated RF.

C-AB13-05
HOTBALLOON VS. CRYOBALLOON ABLATION FOR
ATRIAL FIBRILLATION: LESION ANALYSES AND
COMPLICATION

Koichi Nagashima, MD, PhD, Ichiro Watanabe, MD, PhD,
Yasuo Okumura, MD, PhD, Shiro Nakahara, MD, PhD, Yuichi
Hori, MD, Kazuki Iso, MD, Keiko Takahashi, MD, PhD, Ryuta
Watanabe, MD, Masaru Arai, MD, Sayaka Kurokawa, MD, PhD,
Kimie Ohkubo, MD, PhD, Toshiko Nakai, MD, PhD and Atsushi
Hirayama, MD, PhD. Division of Cardiology, Department of
Medicine, Nihon University School of Medicine, Tokyo, Japan,
Department of Cardiology, Dokkyo University Koshigaya
Hospital, Koshigaya, Japan, Department of Cardiology, Dokkyo
Medical University Koshigaya Hospital, Koshigaya, Japan,
Nihon University School of Medicine, Tokyo, Japan
Background: Hotballoon ablation (HBA) and cryoballoon
ablation (CBA) were developed to simplify ablation for atrial
fibrillation (AF). However, characteristics of the ablation lesion by
these balloon modalities were not evaluated.
Objective: The aim of this study was to compare the ablated
lesion quality and quantity and complication between HBA and
CBA.
Methods: Thirty-four patients with AF (60±11 years, 21 men, 12
paroxysmal) underwent pulmonary vein isolation (PVI) with a
second-generation 28-mm cryoballoon catheter (n=20) or with
a hotballoon (SATAKE HotBalloon, Toray, Tokyo, Japan; n=13).
The freeze cycle duration of CBA was set to 180 s followed by
a bonus freeze cycle of 120 s for each PV. The HBA (target
balloon temperature: 70°C) duration was set to 180-240 s for
each PV. Ablation lesion was defined as the low voltage area of
< 0.5 mV in the left atrium around PV ostia after PVI. PV ostium
was defined as the point of maximum inflection between the PV
wall and the LA wall (Figure).
Results: Baseline characteristics were similar between 2
groups. All patients had successful pulmonary vein isolation
(PVI). Additional touch-up radiofrequency (RF) ablation was
required for residual / dormant PV conduction after balloon
ablation in 79% of HBA group (LSPV in 57%, LIPV in 43%,
RSPV in 14% and RIPV in 29%) compared with 65% of CBA
group (LIPV in 35%, RSPV in 10%, RIPV in 45%) (P=0.63). After
PVI, ablation lesion was larger in cryoballoon group than hot
balloon group (31.7±8.5 vs. 21.8±8.2 mm2 P=0.001). No major
complications occurred in both groups.
Conclusion: The ablation lesion of HBA was smaller than CBA.
Further study to assess the durability of these balloon ablations
is warranted.

C-AB13-06
FIRST IN HUMAN FEASIBILITY STUDY OF PV ISOLATION
USING AN IRRIGATED MULTIELECTRODE RF BALLOON
CATHETER SYSTEM

Vivek Y. Reddy, MD, Matthew G. Daly, MBChB, Amin Al-Ahmad,
MD, Andrea Natale, MD, Adrian Ebner, MD, Petr Neuzil, MD,
PhD, Darren Hooks, PhD, Matthew Webber, MBChB, Iain
Melton, MBChB and Ian Crozier, MD. Mount Sinai School of
Medicine, New York, NY, Christchurch Hospital, Christchurch,
New Zealand, St David’s Medical Center, Austin, TX, Italian
Hospital, Asuncion, Paraguay, Na Homolce Hospital, Prague 5,
Czech Republic, Wellington Regional Hospital, Wellington, New
Zealand
Background: Balloon ablation catheters obviate many of the
technical hurdles of pulmonary vein isolation (PVI) attendant
with point-by-point radiofrequency ablation (RFA). A recently
developed novel 28mm RF balloon ablation catheter allows
real-time visualization of electrode-tissue contact using
miniaturized cameras, 18 independent irrigated electrodes can
be simultaneously individually activated to tailor lesion delivery to
the anatomy and an over-the-wire design for facile positioning.
Objective: To conduct a first in human study of using this RF
balloon catheter to perform PVI in AF patients.
Methods: After transeptal access using a custom 13Fr
deflectable sheath, the RF balloon catheter (see Figure) was
inflated, advanced to each PV ostium, tissue contact visually
confirmed, and RF electrodes selected based on electrode
contact to deliver RF energy (8W for 60 secs). Bipolar RF
treatment was delivered to the PV antrum. The absence of
serious adverse events (SAEs) at 7 days and 30 days defined
the primary safety endpoints.
Results: AF patients (N=18, PAF/PerAF=14/4, mean 58 years
(22-77 yr.), M/F (12/6), mean LA size 36.8 mm) were enrolled
at 4 centers. PVI was achieved in 98% (65/68) veins using this
system. Average procedure time was 2: 43, with average LA
dwell time of 1: 39. There were no SAEs at 7 days and 30 days.
To date, all paroxysmal patients (n=14) are in normal sinus
rhythm 3-6 months post procedure.
Conclusion: This first in human study supports the feasibility
and safety of this irrigated multielectrode RF balloon catheter to
achieve PVI.
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greater esophageal involvement and extended periods of
elevated temperature. Additional studies are warranted to
determine the relationships between thermal parameters and
esophageal injury.

C-AB14-02
LONG-TERM OUTCOME AND INCIDENCE OF EMBOLIC
STROKE AND LEFT ATRIAL APPENDAGE THROMBUS
FORMATION AFTER ELECTRICAL ISOLATION OF THE
LEFT ATRIAL APPENDAGE FOR THE TREATMENT OF
ATRIAL TACHYARRHYTHMIAS
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C-AB14-01
INFRARED THERMOGRAPHY OF CARDIAC ABLATION
REVEALS ESOPHAGEAL TEMPERATURE DYNAMICS

Matthew G. Daly, MBChB, Iain Melton, MBChB, Graham
Roper, MBChB, Gary Lim, MBChB and Ian G. Crozier, MD.
Christchurch Hospital, Christchurch, New Zealand, Canterbury
Health Limited, Christchurch, New Zealand
Background: Cardiac ablation for atrial fibrillation (AF) has the
potential to cause thermal injury to the esophagus. Esophageal
temperature monitoring during cardiac ablation is commonly
used, however, it has not eliminated thermal injuries likely
because conventional, discrete temperature sensors have poor
spatial sampling and response characteristics.
Objective: To enhance our understanding of esophageal
temperature dynamics that may underlie esophageal injury, we
deployed a high-resolution, intra-body, infrared thermography
(IRT) catheter to continuously map esophageal surface
temperatures during cardiac ablation.
Methods: Esophageal temperatures were recorded using a
flexible IRT catheter inserted nasally (conscious sedation), or
orally (general anesthesia) into the esophagus of 16 paroxysmal
AF patients undergoing a standard-of-care pulmonary vein
isolation. The IRT catheter continuously captured surface
temperatures from 7,680 points per second circumferentially
over a 6 cm length of esophagus. Physicians were blinded to
temperature data. Endoscopy was performed within 24 hours to
document and quantify esophageal injury.
Results: Thermal mapping showed that most patients (10/16)
experienced one or more events where peak esophageal
temperature (Tpeak) was >40°C (N=31 events). Three patients
experienced Tpeak >50°C; and one experienced Tpeak >60°C.
Analysis of IRT data for each patient’s maximum thermal event
revealed high temperature gradients (2.3±1.4°C/mm) and rates
of change (1.5±1.3°C/sec) with an average extent of esophageal
involvement of 11.0±5.4mm. Endoscopy identified three distinct
thermal ulcerations, all in patients with Tpeak >50°C. Ulcerations
resolved within two weeks.
Conclusion: Infrared thermography provided dynamic, high
spatial and temporal resolution mapping of esophageal surface
temperatures during ablation. Esophageal injury only occurred
with Tpeak >50°C, and was associated with larger gradients,

Christian H. Heeger, MD, Andreas Rillig, MD, Roland R. Tilz,
MD, Thomas Fink, MD, Shibu Mathew, MD, Christian Sohns,
MD, Bruno Reissmann, MD, Christine Lemes, MD, Tilman
Maurer, MD, Francesco Santoro, MD, Johannes Riedl, MD,
Andreas Metzner, MD, Karl-Heinz Kuck, MD, FHRS and
Feifan O. Ouyang, MD. AK St. Georg, Hamburg, Germany,
Asklepios Klinik St. Georg, Hamburg, Germany, University
Hospital Mannheim, Mannheim, Germany, Dept. Cardiology
and Pneumology University Goettingen, Goettingen, Germany,
Asklepios Klinik St. Georg Hamburg, Hamburg, Germany, AK St
Georg, Hamburg, Germany, Ak-St.Georg, Hamburg, Germany,
Asklepios Klinik St. Georg, II Med Abteilung, Hamburg,
Germany
Background: Pulmonary vein isolation (PVI) has evolved into
a widely accepted and effective strategy for the treatment of
paroxysmal (PAF) and short persistent atrial fibrillation (PersAF).
However, stable sinus rhythm (SR) cannot be achieved by PVI
alone. Ectopics from the left atrial appendage (LAA) can act as
triggers for AF and electrical isolation of the LAA may improve
outcomes in recurrent AF during re-ablation procedures. Yet, this
ablation strategy may be associated with an increased risk of
LAA thrombus formation and embolic events.
Objective: To assess the long-term follow-up and incidence of
embolic stroke and LAA thrombus formation after LAA-isolation
(LAAI).
Methods: A total of 71 patients with LAAI were enrolled
prospectivly. Ablation strategies included pulmonary vein
isolation (PVI) in 71/71 (100%), left atrial isthmus line in 65/71
(92%), anterior line in 64/71 (90%), complex atrial fractionated
potentials in 44/71 (62%), and roof line in 21/71 (30%) patients.
LAAI was achieved after a mean of 2.0±1.0 previous procedures.
A TEE was performed after a mean of 10.3±6 months. Oral
anticoagulation (OAC) independently of the individual CHA2DS2VASc score was strongly recommended.
Results: During a mean follow-up of 63±30 months 21/71 (30%)
remained in stable sinus rhytm. In 51/71 (72%) with recurrence
of AF/AT a further catheter ablation procedure was performed
21±20 months after the initial procedure. After a mean of 1.5±1.2
procedures and 46±20 months 33/71 (46%) of patients remained
in stable sinus rhythm. Embolic stroke occurred in 13/71 (18%)
patients. LAA-thrombus formation was identified in 12/71 (17%)
patients on OAC.
Conclusion: Stable sinus rhythm after LAA Isolation after
single procedure and after two procedures was 30% and 46%.
respectively. However, a high incidence of embolic stroke
and LAA thrombus formation was observed despite sufficient
OAC therapy. Therefore, LAA isolation should be taken into
consideration due to moderate benefit and potential risk of
embolic events in clincal practice.
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C-AB14-03
REPEAT ABLATION FOR RECURRENT ATRIAL
FIBRILLATION AFTER INITIAL LONG TERM SUCCESS:
ELECTROPHYSIOLOGICAL FINDINGS AND OUTCOMES

Shailee Shah, MD, Amr F. Barakat, MD, Walid I. Saliba, MD,
FHRS, Karim Abdur Rehman, MD, Khaldoun G. Tarakji, MD,
Mohamed Bassiouny, MD, Bryan Baranowski, MD, Patrick J.
Tchou, MD, Mandeep Bhargava, MBBS, Thomas J. Dresing,
MD, Thomas D. Callahan, MD, Daniel J. Cantillon, MD,
Mohamed Kanj, MD, Bruce D. Lindsay, MD, Oussama M. Wazni,
MD and Ayman A. Hussein, MD. Cleveland Clinic, Cleveland,
OH, Cleveland Clinic Foundation, Cleveland, OH, Cleveland
Clinic Foundation, Cleveland, OH
Background: N/A
Objective: To assess the electrophysiological findings and
outcomes of repeat ablation procedures after initial long term
success of AF ablation.
Methods: Between 2000 and 2015, 10,378 patients underwent
AF ablation at our institution and were enrolled in a prospectively
maintained data registry. From this registry, we included all
137 consecutive patients who had initial long term success,
defined as freedom from recurrent arrhythmia for >36 months
off antiarrhythmics, and then underwent repeat ablation for
recurrent AF.
Results: The median arrhythmia-free period that defined long
term success was 52 (41-68) months. The latter was achieved
after 1, 2 and 3 prior ablations in 74, 20 and 6% of the patients,
respectively. In redo ablations, reconnection along at least one
of the pulmonary veins (PV) was found in 111 (81%) patients.
Reconnection along a left superior, left inferior, right superior
and right inferior were found in 64, 62, 50 and 54% of patients,
respectively and these were re-isolated. Additional ablations
were performed as follows: posterior wall (46%), septal to
right PVs (48.9%), gutter (34%), superior vena cava (35%),
coronary sinus (16%), left atrial appendage (14.6%) and lines
at the roof (51.8%), left inferior PV to mitral annulus (14.6%),
right superior PV to mitral annulus (10.2%) and cavo-tricuspid
isthmus (32.8%). After a blanking period, 49 (36%) patients
had documented arrhythmia recurrence. Additional ablation
procedures were performed in 19 patients (15 had 1 redo, 4 had
2 redos). After a median follow up of 17 months, 57.7% were
arrhythmia free without antiarrhythmic drugs and an additional
17.5% were arrhythmia free with antiarrhythmic drug therapy.
Conclusion: PV reconnection is the most common
electrophysiological finding in patients with AF recurrence after
long term success, but with lower rates than had been reported
for early recurrences. In our experience, repeat ablations in this
setting involve complex ablation approaches to re-isolate the
PVs and modify the atrial substrate and are associated with
good success rates.

C-AB14-04
GALECTIN-3 PREDICTS OUTCOMES AFTER ABLATION OF
PERSISTENT ATRIAL FIBRILLATION IN PATIENTS WITH
SYSTOLIC HEART FAILURE
Nicolas Clementy, MD, Bruno Garcia, MD, Clementine Andre,
MD, Bertrand Pierre, MD, Laurent Fauchier, MD, PhD and
Dominique Babuty, MD, PhD. CHU Tours, Tours, France, Centre
Hospitalier Universitaire Trousseau, Tours, France
Background: Mechanisms of maintenance of both atrial
fibrillation (AF) and structural left ventricular disease are known
to include fibrosis.
Objective: We sought to find whether galectin-3, a biomarker
of fibrosis, has any prognostic value in patients with heart
failure and a reduced left ventricular ejection fraction (LVEF)
undergoing ablation of persistent AF.
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Methods: Serum concentrations of galectin-3 were determined
in a consecutive series of patients with an LVEF <45%,
addressed for ablation of persistent AF using a stepwise
approach. A combined endpoint was used: heart failure
hospitalization, transplantation and/or death at 12 months.
Results: Out of 191 consecutive persistent AF patients, 75
had a reduced LVEF and were included (81% male, age 63±10
years, LVEF 34±7%, galectin-3 21±12 ng/mL). Eight patients
were hospitalized for decompensated heart failure, 1 patient
underwent heart transplantation and 4 patients died during
follow-up. After adjustment, galectin-3 level, along with diabetes,
independently predicted 1-year combined endpoint (HR=1.14
per unit increase, p=0.009). Patients with a galectin-3 baseline
level <28 (84%) had a 95% 1-year event-free survival from the
combined endpoint as compared with a 42% survival in patients
with a galectin-3 level ≥28 ng/mL (adjusted HR=11.3, p=0.0003).
Conclusion: Higher galectin-3 level independently predicts a
worse outcome in patients with a reduced LVEF addressed for
ablation of persistent AF. This biomarker may be of considerable
interest in defining the therapeutic strategy in this population.

C-AB14-05
3D INTEGRATED FUNCTIONAL, STRUCTURAL,
AND COMPUTATIONAL MAPPING TO DEFINE THE
STRUCTURAL “FINGERPRINTS” OF HEART-SPECIFIC
ATRIAL FIBRILLATION DRIVERS IN HUMAN HEART EXVIVO

Jichao Zhao, PhD, Lidiya V. Sul, No Degree, Yufeng Wang, BSc,
Brian J. Hansen, No Degree, Thomas A. Csepe, BSc, Yiming
Yuan, BSc, Ning Li, MD, PhD, Ahmet Kilic, MD, Peter J. Mohler,
PhD, Paul ML. Janssen, PhD, Orlando P. Simonetti, PhD,
John D. Hummel, MD and Vadim V. Fedorov, PhD. Auckland
Bioengineering Institute, University of Auckland, Auckland, New
Zealand, The Ohio State University Wexner Medical Center,
Columbus, OH, Ohio State University, Columbus, OH, Ohio
State University Medical Center, Columbus, OH
Background: Structural remodeling of the naturally complex 3D
human atrial wall predisposes the atria to conduction blocks and
the formation of specific substrates for reentrant drivers of atrial
fibrillation (AF), which could be effective ablation targets.
Objective: We sought to identify the heart-specific structural
fingerprints to human AF drivers.
Methods: High resolution panoramic near-infrared optical
mapping of coronary-perfused explanted human intact atria
(n=2, 54 and 63 y.o.) were conducted during sustained AF. Then
the whole atria were imaged with contrast-enhancement MRI
(9.4 T) at a spatial resolution of ~180×180×360 μm3. The human
atrial structure was analyzed for 3D bi-chamber wall thickness,
myofiber orientations, and transmural fibrosis in optically defined
AF driver regions (~2x2cm2) and compared with non-driver
regions. Finally, heart-specific 3D human atrial computer models
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were validated by high resolution optical recording and utilized
for structural analysis.
Results: The structural model revealed that subset of the
atrial tissue volume had structural features consistent with AF
drivers, composed of intermediate regions of fibrotic tissue and
wall thickness, and areas of misaligned fibrotically insulated
myofibers. The integrated computer models, with realistic atrial
structure, reproduced the functionally-identified AF reentrant
drivers, which were not inducible without structural components.
Conclusion: The novel 3D integrated functional, structural,
and computational approach may allow the prediction of patient
specific AF drivers based on 3D structural fingerprints and the
development of optimal ablation treatments.

Methods: All patients (n=589) were followed after ablation
with an ECG and 24 hour Holter at 3, 6, 9, 12 and 18 months
plus trans-telephonic monitoring (TTM) weekly and whenever
symptoms were felt. AF burden was calculcated from patient
reporting of AF symptoms, AF duration from all Holters, or the
percentage of TTMs with AF. The highest value of AF burden
was used for analysis. The QoL was assessed every 6 months
using the SF-36. Transformed scores were calculated for each
of the 8 subscales of the SF-36, and also converted to physical
health (PCS) and mental health component scores (MCS).
Results: Mean pre-ablation AF burden was 80%. Post-ablation,
84% of patients had an AF burden of 0-10%, 7.5% had burden
10.1-20%, and 8.5% had burden >20%. There was a significant
improvement in PCS (45.2 vs 50.6) and MCS (43.8 vs 48.7)
scores from baseline to 18 months after ablation (P<0.05 for
both). Baseline scores and the magnitude of improvement in
the PCS and MCS scores were not different between ablation
strategies. QOL measurements also improved regardless of
success when AF recurrence was defined as only 30 seconds or
more (PCS baseline/18 months: Success: 46 / 52, Recurrence:
44 / 51, MCS baseline/18 months: Success 43 / 49, Recurrence
43 / 48). PCS and MCS scores were also similar between
patients who had <90% and >90% reduction in post-ablation
AF burden. However, patients who had <80% reduction in AF
burden had significantly smaller increases in PCS compared
with patients with >80% AF burden reduction (PCS baseline/18
months: < 80% burden reduction: 44 / 46, >80% burden
reduction: 45 / 51, . P<0.05). Significant differences between
baseline and 18 months were also found for most of the 8
subscales of the SF-36 when patients with <80% vs >80%
reduction in AF burden were compared.
Conclusion: QoL and AF burden significantly improves after
AF catheter ablation of PeAF. Patient with brief recurrences of
AF still experience improvement in QoL. QoL is only significantly
less in those who had <80% reduction in their AF burden.

C-AB14-06

ABSTRACT C-AB15:
CRT: Insights from Clinical Trials

QUALITY OF LIFE AFTER ABLATION OF PERSISTENT
ATRIAL FIBRILLATION AND THE RELATIONSHIP WITH
PROCEDURAL SUCCESS AND POST-ABLATION AF
BURDEN: A SUBSTUDY OF THE STAR AF II TRIAL

Roberto Mantovan, MD, PhD, Paolo Sabbatani, MD, Sergio
Conti, MD, Chen-yang Jiang, MD, Timothy R. Betts, MD, Jian
Chen, MD, Laurent Macle, MD, Carlos A. Morillo, MD, FHRS,
Wilhelm Haverkamp, MD, Rukshen Weerasooriya, MD, JeanPaul Albenque, MD, Stefano Nardi, MD, PhD, Endrj Menardi,
MD, Paul G. Novak, MD, Prashanthan Sanders, MD and
Atul Verma, MD, FHRS. Cardiology Unit, Conegliano, Italy,
Cardiology Unit, Cesena, Italy, Southlake Regional Health
Centre, Newmarket, ON, Canada, Sir Run Run Shaw Hospital,
College of Medicine, Zhejiang University, Hangzhou, China,
Oxford University Hospitals NHS Trust, Oxford, United Kingdom,
Haukeland Univ Hospital, Bergen, Norway, Montreal Heart
Institute, Montreal, QC, Canada, Hamilton Health Sciences McMaster University, Hamilton, ON, Canada, Medizin. Klinik
Schwerpunkt Kardiologie, Berlin, Germany, Royal Perth
Hospital, Perth, Australia, Clinique Pasteur, Toulouse, France,
Presidio Ospedaliero Pineta Grande, Castel Volturno (CE), Italy,
Azienda Ospedaliera S. Croce e Carle, Cuneo, Italy, University
of Adelaide and Royal Adelaide Hospital, Adelaide, Australia
Background: The STAR AF II trial randomly compared 3
different strategies for ablation of persistent atrial fibrillation
(PeAF).
Objective: To identify the effect on quality of life (QOL)
conferred by ablation strategy, AF recurrence, and post-ablation
AF burden.
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C-AB15-01
EFFECT OF ATRIOVENTRICULAR JUNCTION ABLATION
ON VENTRICULAR ARRHYTHMIAS AND ICD THERAPIES
IN PATIENTS WITH CARDIAC RESYNCHRONIZATION
THERAPY. A POOLED ANALYSIS OF PROSPECTIVE
STUDIES

Maurizio Gasparini, MD, Axel Kloppe, MD, Maurizio Lunati,
MD, Frederic Anselme, MD, Maurizio Landolina, MD, Jose
Bautista Martinez-Ferrer, MD, Alessandro Proclemer, MD,
Giovanni Morani, MD, Mauro Biffi, MD, Renato Pietro Ricci,
MD, Roberto Rordorf, MD, Andrea Grammatico, PhD, Francisco
Leywa, MD and Giuseppe Boriani, MD. Humanitas Research
Hospital, Rozzano-Milano, Italy, Cardiology and Angiology,
Luedenscheid, Germany, Niguarda Hospital, Milano, Italy,
Hopital Charles Nicolle, Rouen, France, Maggiore Hospital,
Crema, Italy, Hospital de Txagorritxu C/ José Achotegui, Vitoria Alava, Spain, S. Maria della Misericordia Hospital, Udine, Italy,
Azienda Ospedaliera Universitaria Integrata, Verona, Italy,
Institute of Cardiology, Bologna, Italy, San Filippo Neri Hospital,
Rome, Italy, Dept Cardio Irccs Policlinico, Pavia, Italy, Medtronic
Italy - Clinical Dept, Rome, Italy, Aston Medical School,
Birmingham, United Kingdom, Policlinico, Modena, Italy
Background: Cardiac resynchronization therapy (CRT) is
effective in heart failure (HF) patients who are in sinus rhythm
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(SR). In patients with atrial fibrillation (AF), atrioventricular
junction ablation (AVJA) improves outcomes after CRT.
Objective: We evaluated whether AVJA in CRT patients with
permanent AF reduces implantable cardioverter defibrillator
(ICD) shocks compared with treatment with rate-slowing drugs.
Methods: This is a pooled analysis of data from the Advance
CRT-D and Advance III randomized trials, and from the Italian
ClinicalService® prospective observational project. The primary
endpoint was the annual rate of all-cause ICD shocks.
Results: A total of 3358 patients (2720 male, mean age 66.6
years) with CRT-ICD were included by 179 international centers.
Of these, 2694 (80%) were in SR, 664 (20%) had permanent
AF (402 (12%) treated with rate-slowing drugs (AF+Drugs) and
262 (8%) treated with AVJA (AF+AVJA)). Median follow-up was
18 months. Mean rates of all-cause shocks, appropriate shocks
and inappropriate shocks per 100 patient-years are shown in
the figure together with incidence rate reductions (IRR) which
show a 82% reduction (IRR=0.18) of all-shocks for AF+AVJA vs.
AF+Drugs and a 52% reduction (IRR=0.48) for AF+AVJA vs. SR,
a 77% reduction (IRR=0.23) of appropriate shocks for AF+AVJA
vs. AF+Drugs and a 42% reduction (IRR=0.58) for AF+AVJA vs.
SR and a 91% reduction (IRR=0.09) of inappropriate shocks for
AF+AVJA vs. AF+Drugs and a 70% reduction (IRR=0.30) for
AF+AVJA vs. SR.
Conclusion: In CRT patients with permanent AF, AVJA
significantly reduces all-cause, appropriate and inappropriate
ICD shocks compared with a rate-control drug treatment
strategy.
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Ventricular Tachyarrhythmias (VA). Cardiac resynchronization
therapy (CRT) is known to reduce the risk for VA in patients with
Left Bundle Branch Block (LBBB). However, some patients will
still experience VA despite CRT treatment.
Objective: We aimed to identify clinical and echocardiographic
variables that are associated with high risk for VA in this
population.
Methods: Best-subsets proportional-hazards regression analysis
was used to identify variables that were associated with the risk
for VA in 756 patients with (LBBB) allocated to the CRT with
defibrillator (CRT-D) group enrolled in the Multicenter Automatic
Defibrillator Implantation Trial with Cardiac Resynchronization
Therapy. Five risk variables were independently associated with
the risk for VA: male HR 1.94 (p=0.002), QRS<150 msec HR
1.87 (p<0.001), relative wall thickness<0.26 HR 1.91 (p<0.001),
prior ventricular arrhythmia HR 2.59 (p<0.001), and prior heart
failure hospitalization HR 1.36 (p=0.046). Those variables were
then used to build a risk score. Patients were then classified to 4
risk groups according to the risk score quartiles (Q).
Results: During a follow-up period of 4.5 years the rate of VA
by risk score quartiles was 8%, 12%, 20% and 32% (Q1,Q2,Q3
and Q4, accordingly). The risk for VA increased with higher score
quartile (the reference is Q1): Q2 HR 1.98 (p=0.039),Q3 HR 3.20
(p=0.001) and Q4 HR 5.29 (p<0.001).
Conclusion: In patients with systolic heart failure and LBBB who
receive CRT-D therapy, 5 readily available clinical variables can
identify those who are at high risk for VA.

C-AB15-03
IMPACT OF CARDIOMYOPATHY ETIOLOGY AND
IMPLANT CLASSIFICATION ON CRT RESPONSE WITH A
QUADRIPOLAR CRT-D SYSTEM IN THE MULTIPOINT™
PACING (MPP) IDE STUDY: MPP VS. BIVENTRICULAR
PACING
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RISK STRATIFICATION FOR VENTRICULAR
TACHYARRHYTHMIAS IN PATIENTS WITH SYSTOLIC
HEART FAILURE ENROLLED IN MADIT-CRT

Yitschak Biton, MD, Arthur J. Moss, MD, Zareba Wojciech,
MD, PhD, Usama Daimee, MD, Scott Mcnitt, MS, Bronislava
Polonsky, MS, Ilan Goldenberg, MD and Valentina Kutyifa,
MD. University of Rochester Medical Center, Rochester,
NY, University of Rochester Medical Center, Rochester, NY,
University of Rochester Medical Center - Heart Research
Follow-up Program, Rochester, NY, Semmelweis University,
Heart Center, Budapest, Hungary
Background: Patients with systolic heart failure and reduced
Left Ventricular Ejection Fraction are at increased risk of
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MS and Gery F. Tomassoni, MD, FHRS. Cleveland Clinic,
Cleveland, OH, St Thomas Heart Research Institute, Nashville,
TN, Deborah Heart and Lung, , NJ, Browns Mills, NJ, NYU,
NY, NY, Lahey Clinic Medical Center - Dept. of Cardiovascular
Medicine, Burlington, MA, Heart Institute, St. Petersburg, FL,
The Heart and Vascular Institute of Lancaster General Hospital,
Lancaster, PA, Aurora Cardiovascular Services, Milwaukee, WI,
St. Jude Medical, Sylmar, CA, St Jude, Sylmar, CA, Lexington
Cardiology Consultants, Lexington, KY
Background: Prior studies demonstrate cardiac
resynchronization therapy (CRT) with MultiPoint™ Pacing (MPP)
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improves LV reverse remodeling and clinical response compared
to biventricular (BiV) pacing.
Objective: To assess the influence of cardiomyopathy
(CM) etiology (ischemic/non-ischemic) and de-novo implant
classification on the effect of MPP during CRT.
Methods: The multicenter, randomized MPP IDE trial enrolled
and followed 506 patients receiving CRT-D therapy (Quartet™
LV lead 1458Q, Quadra Assura MP™ CRT-D, St Jude Medical).
Quadripolar BiV pacing was activated in all patients at implant.
From 3 to 9 months post-implant, 232 patients continued to
receive BiV pacing and 52 patients received MPP programmed
with the widest LV electrode anatomical separation and shortest
intraventricular delay (MPP-AS). CRT response was measured
by Packer’s Clinical Composite Score.
Results: Baseline characteristics for all cohorts (age, sex, LVEF,
%LBBB, cardiomyopathy etiology and de-novo implant) were
comparable.

MPP-AS was associated with a higher CRT response rate vs BiV
in patients with non-ischemic CM (94.4% vs 69%, p=0.02) and
in de-novo implants (92.1% vs 73.3%, p=0.01). Among patients
with de-novo implants and LBBB, MPP-AS resulted in a higher
CRT response rate compared to BiV (93.1% vs 75.2%, p=0.04).
Conclusion: MPP-AS is associated with a significantly higher
CRT response rate compared to standard quadripolar BiV
pacing in patients with non-ischemic CM. Furthermore, MPP-AS
significantly improves CRT response rate compared to standard
quadripolar BiV pacing in patients undergoing de-novo implants
with underlying LBBB.

C-AB15-04
PREDICTING RESPONSE TO CARDIAC
RESYNCHRONIZATION THERAPY IN THE COMPANION
TRIAL USING A MACHINE LEARNING ALGORITHM:
BEYOND THE BUNDLE

Matthew M. Kalscheur, MD, Ryan T. Kipp, MD, Matthew C.
Tattersall, DO, Chaoqun Mei, MS, Kevin A. Buhr, PhD, Michael
E. Field, MD, FHRS, Lee L. Eckhardt, MD, FHRS and David
Page, PhD. University of Wisconsin School of Medicine and
Public Health, Madison, WI
Background: Response to cardiac resynchronization therapy
(CRT) varies among heart failure (HF) patients. Improved
methods to predict response are needed.
Methods: A machine learning algorithm (Random Forest) was
used to develop a model to predict death or HF hospitalization at
twelve months post CRT implant in the COMPANION trial using
forty-five pre-implant variables. The model was derived in the

bi-ventricular pacing only cohort and applied to the bi-ventricular
pacing and defibrillation (CRT-D) and the optimal pharmacologic
therapy (OPT) cohorts. These cohorts were partitioned into
quartiles using model predicted outcomes, with those in Quartile
1 predicted to have the best outcomes. Response to CRT-D was
assessed across quartiles.
Results: During the trial (median follow-up 11.9 months for
OPT and 15.7 months for CRT-D), in Quartile 1 there was no
statistical difference in outcome between patients receiving
CRT-D versus those treated with OPT (HR: 0.64, p = 0.12). In
each of the remaining quartiles, CRT-D resulted in a statistically
significant reduction in death or HF hospitalization (Figure 1).
Importantly, left bundle branch morphology and QRS duration
greater than 150 ms identified only 56% of patients in the
quartile with the largest CRT response (HR: 0.47, p = 0.0009).
Conclusion: A machine learning algorithm was used to predict
death or HF hospitalization for patients in the COMPANION trial
using pre-implant variables. The patients with the best outcomes
did not derive benefit over OPT during follow-up. Pre-implant
variables beyond bundle branch block and QRS morphology
may be important to consider when predicting an individual
patient’s clinical response to CRT.

C-AB15-05
COMPLICATION RATES OF CARDIAC SYNCHRONIZATION
THERAPY: COMPARISON OF SAFETY OUTCOMES
DERIVED FROM REAL WORD STUDIES AND CLINICAL
TRIALS

Naga Venkata K. Pothineni, MD, Swathi Kovelamudi, MD,
Anusha Shanbhag, MD, Hakan Paydak, MD, Peter A.
Noseworthy, MD, Yong Mei Cha, MD, Paul A. Friedman, MD,
FHRS and Abhishek Deshmukh, MD. University of Arkansas for
Medical Sciences, Little Rock, AR, Mayo Clinic, Rochester, MN
Background: Cardiac ReSynchronization therapy (CRT) is an
important intervention in heart failure.
Objective: We sought to compare complication rates between
randomized clinical trials (RCTs) of CRT with ‘real world’
complication rates reported in registries and administrative
claims databases.
Methods: PUBMED search to identify all relevant publications
on CRT. Studies were classified into (RCTs) and registry studies.
Percentages of individual complications were computed relative
to sample sizes of various studies. Differences between groups
were compared with Chi square test.
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Results: We identified a total of six RCTs, two administrative
claims database studies and four CRT registry studies. RCTs
included a total of 4,442 patients and ‘real world’ studies a total
of 72,554 patients. Overall rates of procedural complications
with CRT were significantly higher in RCTs compared to real
world (8.12% vs 6.9%, p=0.002). Lead complications were
higher in the real world studies compared to RCTs (11.3%
vs 6.5%, p =0.0001). This could represent a follow up bias
with patients in registries being followed for longer duration
that would compound lead complication rates. Interestingly,
RCTs had a higher incidence of pocket hematomas (2.04% vs
0.41%, p=0.001), likely due to under reporting of hematomas
in administrative claims. Other procedural complications were
similar between RCTs and real world data (Figure).
Conclusion: Real world procedural complication rates of CRT
appear to be significantly lower than those reported in RCTs.
This could represent improved procedural techniques and better
operator training with the evolution of CRT as mainstream
treatment for HF.

was defined as a hospitalization for HF ≥ 24 hours or a clinic
or hospital visit for HF < 24 hours requiring administration of IV
diuretics, inotropes, and/or vasodilators.
Results: Baseline characteristics for the two cohorts were
comparable. MPP-AS was associated with a significantly higher
CRT response rate vs BiV (87% vs 72%, p=0.034). MPP-AS was
associated with a reduction in HF event or death vs. BiV (1.9%
vs 8.7%, p=0.100), which was numerically lower but did not
achieve statistical significance.
Conclusion: MPP-AS is associated with a significantly higher
CRT response rate compared to quadripolar BiV pacing. In
addition, optimal programming of MPP can reduce HF event or
all-cause death.

C-AB15-06

ABSTRACT PLUS C-AB16:
LV Lead Considerations for Optimizing CRT
Implantation

IMPACT OF MULTIPOINT™ PACING (MPP) PROGRAMMING
ON CLINICAL OUTCOMES WITH A QUADRIPOLAR CRT-D
SYSTEM IN THE MPP IDE STUDY
Gery F. Tomassoni, MD, FHRS, James Baker II, MD, Raffaele
Corbisiero, MD, Charles J. Love, MD, David T. Martin,
MD, Robert C. Sheppard, MD, Seth J. Worley, MD, FHRS,
Kwangdeok Lee, PhD, Li-Yin Lee, PhD, Clay Cohorn, MS and
Imran Niazi, MD, FHRS. Lexington Cardiology Consultants,
Lexington, KY, Saint Thomas Research Institute, Nashville,
TN, Deborah Heart and Lung Center, Browns Mills, NJ,
NYU Langone Medical Center, New York, NY, Lahey Clinic
Medical Center - Dept. of Cardiovascular Medicine, Burlington,
MA, Heart & Vascular Institute of Florida, St. Petersburg,
FL, The Heart and Vascular Institute of Lancaster General
Hospital, Lancaster, PA, St. Jude Medical, Plano, TX, Aurora
Cardiovascular Services, Milwaukee, WI

Background: Prior studies demonstrate cardiac
resynchronization therapy (CRT) with MultiPoint™ Pacing (MPP)
improves LV reverse remodeling and clinical response compared
to biventricular (BiV) pacing.
Objective: To assess the influence of MPP programming on
CRT response.
Methods: This multicenter, randomized study enrolled and
followed 506 patients receiving CRT-D therapy (Quartet™ LV
lead Model 1458Q with a Quadra Assura MP™ CRT-D, St. Jude
Medical). Quadripolar BiV pacing was activated in all patients
at implant. From 3 to 9 months post-implant, 232 patients
continued to receive BiV pacing and 52 patients received MPP
programmed with the widest LV electrode anatomical separation
and shortest intraventricular timing delay (MPP-AS). Clinical
outcomes included an assessment of CRT response measured
by the Clinical Composite Score (e.g., NYHA, patient global
assessment, HF event, and cardiovascular death) and freedom
from a heart failure (HF) event or all-cause death. A HF event
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C-AB16-01
DUAL-SITE ENDOCARDIAL PACING FOR CARDIAC
RESYNCHRONIZATION THERAPY - AN ACUTE
HEMODYNAMIC STUDY

Timothy R. Betts, MD, James H. Gamble, MBChB, Milena Leo,
MD, Robert W. Bowers, MBBS, Manish Kalla, BS, Michala
E. Pedersen, MD, Neil Herring, PhD, Matthew R. Ginks, MD,
Kim Rajappan, MD and Yaver Bashir, MD. Oxford University
Hospitals NHS Foundation Trust, Oxford, United Kingdom
Background: Not all patients who receive Cardiac
Resynchronisation Therapy improve. Two potential mechanisms
to increase response are LV endocardial and dual-site LV
pacing.
Objective: To investigate whether stimulation from LV septal and
lateral sites is superior to conventional biventricular stimulation
of LV lateral and RV sites.
Methods: 15 patients with LV EF <40%, having left-sided
ablation procedures for atrial fibrillation or ventricular
tachycardia, were recruited. We placed catheters on the RV
septum, LV septum and on the LV lateral wall at the site of latest
electrical activation. Acute hemodynamic response (AHR) was
defined as % change in LV dP/dT max measured with a pressure
wire relative to RV only pacing. AHR to BiV (RV and LV lateral)
and dual-site LV (LV septal and lateral) endocardial pacing was
compared using a multi-level modelling analysis.
Results: Age was 68±7, all male, ischemic 80%, native QRS
Duration 132±31ms, RV-paced QRS duration 203±38ms, LV
ejection fraction 27±8% (mean± SD).Dual-LV endocardial

S39
pacing resulted in a significantly greater AHR than BiV pacing,
increasing the mean AHR to BiVP of 30.1% by a further 3.7%
(95%CI 1.0 to 6.3%; P=0.007). This was despite a widening of
the BiV paced QRS width of mean 145ms by 22.5ms (95%CI
14.5 to 30.6; P<0.001). On an individual patient basis, dualLV pacing resulted in a greater AHR in 9/15 (60%) patients,
significant in 4/9, with no patients in whom RV-LV pacing
resulted in significantly greater AHR.
Conclusion: Dual site LV septal to lateral endocardial pacing
offers a significant incremental increase in acute hemodynamic
response when compared to biventricular pacing using RV plus
lateral wall LV endocardial sites.

prolong battery life of the defibrillator. Our small sample size
however limits interpretation, and longitudinal studies are
needed to assess potential long term benefit of CRT in this
population.

C-AB16-03
BENEFITS OF LEFT VENTRICULAR ENDOCARDIAL
PACING COMPARING FAILED IMPLANTS AND PRIOR
NON-RESPONDERS TO CONVENTIONAL CARDIAC
RESYNCHRONIZATION THERAPY: A SUBANALYSIS FROM
THE ALSYNC STUDY

Mauro Biffi, MD, Pascal Defaye, MD, Matteo Ziacchi, MD,
Pierre Jais, MD, Franco Ruffa, MD, Christophe Leclercq, MD,
PhD, Daniel Gras, MD, Zhongping Yang, MS, Bart Gerritse,
BS and John M. Morgan, MD. Institute of Cardiology, Bologna,
Italy, CHU Grenoble, Grenoble, France, Institute of Cardiology,
University of Bologna, Bologna, Italy, CHU Bordeaux - Bordeaux
University, Bordeaux, France, Ospedale di Lecco, Lecco, Italy,
University Hospital, Rennes, France, Nouvelles Cliniques
Nantaises, Nantes, France, Medtronic, Inc., Minneapolis, MN,
Medtronic BAkken Research Center, Maastricht, Netherlands,
Heart Rhythm Clinic, Southampton, United Kingdom

C-AB16-02
ACUTE HEMODYNAMIC EFFECTS OF RIGHT
VENTRICULAR VS. BIVENTRICULAR PACING IN PATIENTS
WITH LEFT VENTRICULAR ASSIST DEVICE
Joanna Joly, MD, Efstathia Andrikopoulou, MD, Chee Paul Lin,
MA, Harish Doppalapudi, MD, William R. Maddox, MD, H. Tom
McElderry, MD, Vance J. Plumb, MD, Takumi Yamada, MD
and Vineet Kumar, MD. University of Alabama at Birmingham,
Birmingham, AL

Background: The role of cardiac resynchronization therapy
(CRT) and its effects on hemodynamics following left ventricular
assist device (LVAD) has not been well studied.
Objective: We sought to determine whether any pacing mode
measurably impacts the acute hemodynamic profile in patients
with LVAD.
Methods: Out of 18 patients with CRT and LVAD followed at our
institution, six underwent right heart catheterization. One patient
was excluded at the time of catheterization due to discomfort
from phrenic nerve stimulation with left ventricular pacing.
Average time between CRT and LVAD implantation was 2.4
years. Invasive assessment of filling pressures and oximetry was
obtained during right ventricular pacing, biventricular pacing, and
when able, during intrinsic conduction. We waited five minutes
after each pacing mode change before acquiring hemodynamic
data. A paired t-test was used to evaluate changes.
Results: Regardless of pacing mode, there was no significant
difference in central venous pressure, pulmonary artery
pressure, capillary wedge pressure, cardiac index, nor any LVAD
parameter (Table 1).
Conclusion: Our study shows that deactivation of the coronary
sinus lead in patients with LVAD can be done safely without
adversely affecting acute hemodynamics, and could significantly

Background: Cardiac resynchronisation therapy (CRT) is limited
by a substantial proportion of non-responders. Left ventricular
endocardial pacing (LVEP) may offer enhanced possibility to
deliver CRT in patients with a failed attempt at implantation and
to improve clinical status of CRT non-responders.
Objective: To investigate the benefit of LV endocardial
stimulation in prior non-responders to CRT.
Methods: The ALternate Site Cardiac ResYNChronisation
(ALSYNC) study was a prospective, multi-centre cohort study
that included 118 CRT patients with a successfully implanted
endocardial left ventricular (LV) lead, including 90 failed coronary
sinus (CS) implants and 28 prior non-responders who had
worsened or unchanged heart failure status after at least 6
months of optimal conventional CRT therapy. Patients were
followed for 19±9 months.
Results: At baseline, prior non-responders were sicker as
evidenced by a larger LV end-diastolic diameter (70±12 vs
65±9 mm, p=0.03) and a trend towards larger LV end-systolic
volume index (LVESVi, 95±51 vs 74±39 ml/m2, p=0.07), and
were more frequently anti-coagulated (96% vs 72%, p=0.008)
despite similar history of atrial fibrillation (54% vs 51%, p=0.83).
At 6 months, LVEP significantly improved LV ejection fraction
(2.3±7.5 and 8.6±10.0 %), New York Heart Association Class
(0.4±0.9 and 0.7±0.8), LVESVi (9±16 and 18±43 ml/m2), and sixminute walk test (56±73 and 54±92 m) in prior non-responders
and failed CS implants, relative to baseline (all p<0.05),
respectively. LVESVi reduction ≥15% was seen in 47% of the
prior non-responder patients and 57% of failed CS patients.
Conclusion: These data suggest that a sizable proportion of
CRT non-responders can improve by LVEP, though to a lesser
extent than failed CS implants.
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C-AB16-04
VENTRICULAR LEAD POSITION IN RESPONSE TO
CARDIAC RESYNCHRONIZATION THERAPY: NONINVASIVE ELECTROPHYSIOLOGICAL MAPPING AND ECG

Tamara Lubimceva, PhD, Viktoria Lebedeva, PhD, Stepan
Zubarev, MD and Dmitry Lebedev, MD. Almazov Federal NorthWest Medical Research Centre, Saint-Petersburg, Russian
Federation, Almazov Federal North-West Medical Research
Centre, St. Petersburg, Russian Federation
Background: One of the new methods for the optimal prediction
and CRT assessment is a noninvasive electrophysiological
mapping (NEM) based on ECG.
Objective: To evaluate the influence of ventricular lead location
on long-term outcome in patients with CRT using NEM and 12lead ECG.
Methods: The study included 64 patients with CRT-devices
implanted according to the current guidelines. Two groups of
patients were taken according to CRT response: group I, N=42,
responders; group II, N=22, non-responders. The response
was defined as 15% decrease of end-systolic left ventricle (LV)
volume (LVESV), 10% relative increase of LV ejection fraction
(LVEF), an improvement of at least 1 NYHA functional class of
heart failure. Ventricular lead position was assessed using 12lead ECG analysis and 240-lead NEM during the isolated left/
right ventricular pacing. NEM was performed using “Amycard
01C EP LAB system” and multislice computed tomography; 12lead ECG analysis was performed using “Astrocard EP system”.
Leads location to each other was assessed according to the
standard 12 LV segments and 3 RV segments. The observation
period was 12±1.7 months.
Results: Baseline patient group characteristics were equal.
Biventricular pacing was ≥95%. Ischemic cardiomyopathy
significantly prevailed in Group II. A positive correlation between
the width of the biventricular QRS complex (QRS BiV) and the
standard activation deviation time measured at NEM for 12
LV segments (r= 0.88) was observed. Comparison of different
interlead location (IL) schemes according to LV/RV segments
to the dynamics of the LV volumes and LVEF showed that the
biggest IL was associated with the biggest LVESV reduction
and LVEF increase, r=0.410 (LVESV/IL), r=0.493 (LVEF/IL). The
coincidence of the latest LV activation zone measured by MEN
with segment of LV lead implanted was associated with a high
response to the CRT.
Conclusion: Placing the LV lead concordantly the latest LV
activation zone is associated with superior response to CRT
during long-term FU. Interlead location can be predictor of the
response to CRT. The lack of response may be associated with
a suboptimal position of the LV lead and short interlead spacing.
MEN and ECG may be a non-invasive methods for dynamic
evaluation of the ventricular lead position.

C-AB16-05
COMPARISON OF ACUTE HEMODYNAMIC EFFECT
OF DIFFERENT MULTISITE AND MULTIPOINT PACING
CONFIGURATIONS IN CRT

Francesco Zanon, MD, FHRS, Lina Marcantoni, MD, Enrico
Baracca, MD, Gianni Pastore, MD, Chiara Fraccaro, MD, PhD,
Daniela Lanza, MD, Claudio Picariello, MD, Loris Roncon, MD,
Franco Noventa, MD and Frits W. Prinzen, PhD. Ospedale
S. Maria Della Misericordia, Rovigo, Italy, S Maria Della
Misericordia Hospital, Padova, Italy, Università di Padova,
Padova, Italy, Maastricht University, Maastricht, Netherlands
Background: The clinical response to CRT is absent in one third
of patients. With the intent to increase the responder rate, the
stimulation of the left ventricle (LV) from multiple sites has been
suggested as a promising alternative to standard biventricular
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(BIV) pacing. The aim of our study was to compare the acute
hemodynamic response and the effects on QRS width of BIV vs.
triple ventricular (by means of two LV leads) (TRIV) vs. multipoint
(MPP) vs. MPP plus a second LV lead (MPP-TRIV) pacing in a
group of CRT patients.
Methods: 14 patients with chronic AF, 74±8 years old, LVEF
33±6%, 7 with ischemic cardiomyopathy, QRS 178±28ms,
were selected as candidates for CRT. A right ventricular
lead was implanted in the mid septum. Two LV leads were
positioned in two different branches of the coronary sinus. The
first (quadripolar) lead was positioned at the latest electrically
activated site during intrinsic ventricular activation and the
second (bipolar) lead as remote as possible from the first lead.
Acute hemodynamic response was evaluated as variation of
LVdP/dtmax by means of a RADI pressure wire.
Results: On average, 3.0±0.7 veins and 6.3±1.9 pacing sites
were evaluated per patient. During BIV, TRIV, MPP and MPPTRIV pacing LVdp/dtmax increased from 1021±178mmHg/s
at the baseline to 1214±291mmHg/s, 1259±290mmHg/s,
1297±331mmHg and 1307±292mmHg, respectively (Rep Meas
ANOVA; p<0.001). The QRS width varied from 178±28ms at
baseline to 175±22ms, 168±23ms, 170±24 and 164±26ms,
during BIV, TRIV, MPP and MPP-TRIV respectively (Rep Meas
ANOVA; p<0.001).
Conclusion: A progressive improvement in hemodynamic
response and QRS narrowing was reported by increasing the
number of LV pacing sites.

ABSTRACT C-AB17:
Optimizing CRT through patient selection, lead
location, and follow-up strategies.
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C-AB17-01
PATIENTS WITH RBBB & CONCOMITANT DELAYED LV
ACTIVATION RESPOND TO CRT

Gianni Pastore, MD, Francesco Zanon, MD, Lina Marcantoni,
MD, Giorgio Corbucci, PhD, Franco Noventa, PhD, Enrico
Baracca, MD, Mauro Carraro, MD, Luca Conte, MD, Claudio
Piccariello, MD and Loris Roncon, MD. S Maria Della
Misericordia Hospital, Rovigo, Italy, Ospedale S. Maria Della
Misericordia, Rovigo, Italy, Boscton Scientific, Milan, Italy,
Department of Molecular Medicine, University of Padua,
Padova, Italy
Background: subjects with right bundle branch block (RBBB)
do not appear to benefit from CRT. In effect patients with
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typical RBBB present delayed right but not left ventricular (LV)
activation. However, some patients with RBBB may present
a delayed LV activation. These patients show a specific ECG
pattern resembling RBBB in precordial lead but without S wave
in lead I and aVL.
Objective: to determine whether patients with RBBB and
concomitant LV conduction delay respond to CRT.
Methods: We evaluated the echocardiographic-clinical
response of 29 patients with RBBB and HF treated for 1 year
with CRT. The patients were divided into 2 groups according to
the baseline QRS morphology: 16 with typical right BBB (trueRBBB) and 13 with RBBB with concomitant LV conduction delay
(LVd+RBBB). Responders were classified in terms of reduction
in LV end-systolic volume (ESV) index ≥15%, and reduction in
New York Heart Association (NYHA) class ≥1.
Results: The LVd+RBBB group presented a longer LV delay
compared true-RBBB (126.0±12.5 vs 87.0±11.3, p<0.001). The
LVd+RBBB group demonstrated a significantly larger percent
reduction in LVESV compared to true-RBBB (-21% vs -1%,
p<0.001). In the LVd+RBBB group, 11 (84.6%) were LVESV
index responders compared to 3 patients (18.7%) in the trueBBBB (p< 0.001). Similarly, 12 (92.3%) with LVd+RBBB vs 3
patients (18.7%) with true-RBBB were NYHA-class responders
(p<0.001).
Conclusion: Some patients with RBBB present a concomitant
delayed LV conduction. These patients, easily identified by 12lead ECG, can respond to CRT.

C-AB17-02
REPETITIVE CRT OPTIMIZATION IS ASSOCIATED WITH
SIGNIFICANT ECHO-REMODELING AND IMPROVED
CLINICAL RESPONSE IN CRT-D PATIENTS WITH LBBB
QRS<150MS

Peter Paul Delnoy, MD, PhD, Jagmeet P. Singh, MD, PhD,
Javier Alzueta, MD, Pedro P. Adragao, MD, PhD, Jérôme
Horvilleur, MD, Ian Beeton, MD, Gianfranco Pistis, MD, Hipolito
Reis, MD, Maria Martino, MSc and Josep Brugada Terradellas,
MD, PhD. Isala Hospital, Zwolle, Netherlands, Massachusetts
General Hospital, Boston, MA, Hospital Universitario Virgen de
la Victoria, Malaga, Spain, Hospital De Santa Cruz, Unidade
De Arritmologia Servico De Cardiologia, Carnaxide, Portugal,
Institut Cardiovasculaire Paris Sud, Paris, France, Ashford &
St Peter’s Hospitals NHS Foundation Trust, Surrey, United
Kingdom, Ospedale Civile SS. Antonio e Biagio, Alessandria,
Italy, de Santo Antonio Hospital, Porto, Portugal, LivaNova,
Saluggia, Italy, Hospital Clinic, University of Barcelona,
Barcelona, Spain
Background: While patients with QRS≥150ms are responsive
to Cardiac Resynchronization Therapy (CRT), evidences of CRT
benefits for patients with QRS<150 ms (class IIa) are scarce.
In the prospective, multicenter, double-blinded RESPONDCRT study, heart failure (HF) patients implanted with a CRT-D
device were randomized (2: 1) to receive weekly automatic AV
and VV optimization using the SonR contractility sensor or an
echocardiography-guided optimization, after implant.
Objective: Clinical and mechanistic outcomes of repeated
CRT optimizations in the subgroup of patients with LBBB
QRS<150ms (n=238).
Methods: A decrease in left ventricular end systolic volume
(LVESV) ≥15% at 12 months defined echo responders (super
responders when the decrease was ≥30%) . The clinical
response was defined as the percentage of patients alive,
without HF related events at 18 months, with improved NYHA
class or quality-of-life. Point estimates of hazard ratio (HR) of all
cause death and/or HF hospitalization were assessed using Cox
analysis up to 24 months.

Results: Patients were 66.3 years old, 69.3% male, 94.1% in
NYHA class III, and with a mean LVEF of 29.4%. A significant
increase in echo responders and super-responders was
observed with SonR (Table). This remodeling translated into
higher clinical response and 38% and 44% reduced risks in
all-cause death or HF hospitalization and HF hospitalization,
respectively (Table).
Conclusion: In the subset of patients usually less likely to
respond to CRT, weekly SonR-based CRT optimization was
associated with a higher level of echo-remodeling than echo
optimization and resulted in a significant risk reduction of all
cause death and/or HF hospitalization.
Echo-remodeling and clinical response in patients with QRS<150 ms (N=238)

% of echo responders
(ΔLVESV≥15%)
% of super responders
(ΔLVESV≥30%)
% of clinical responders

SonR N=160 Echo N=78

P
value

67.0

47.8

0.026

48.1

30.4

0.043

66.0

52.0

0.022

All-cause death or HF hospitalization HR=0.62, 95%CI: [0.39-0.99]

0.047

HF hospitalization

0.036

HR=0.56, 95%CI: [0.33-0.96]

C-AB17-03
LV ENDOCARDIAL PACING IN ADVANCED HEART
FAILURE: A SYSTEMATIC REVIEW AND META-ANALYSIS
Adam J. Graham, MBBS, Rui Providencia, MD, PhD, Shohreh
Honarbakhsh, MBBS, Vinit Sawhney, MBBS, PhD, Ross J.
Hunter, MBBS, PhD and Pier D. Lambiase, PhD, FRCP. Barts
Heart Centre, London, United Kingdom, St Bartholomew’s
Hospital, London, London, United Kingdom, Heart Hospital,
London, United Kingdom

Background: Cardiac resynchronisation using a left ventricular
(LV) epicardial lead placed in the coronary sinus is now routinely
used in the management of heart failure patients. When
lead placement into the coronary sinus (CS) is not feasible,
placement of a lead on the LV endocardium is an alternative.
Data on this approach is sparse.
Objective: To assess the available evidence on the efficacy and
safety of endocardial LV pacing via meta-analysis.
Methods: EMBASE, MEDLINE and COCHRANE databases
with the search term “endocardial biventricular pacing” or
“endocardial cardiac resynchronisation” or “left ventricular
endocardial” or “endocardial left ventricular”. Patients
with advanced heart failure and CRT implantation with an
endocardial LV lead were included. Comparison of pre and
post QRS width, LV ejection fraction and NYHA functional
classification was performed using a Mantel-Haenszel model,
and mean differences (and respective 95%CI) were used as a
measurement of treatment effect. Data on complications was
collected.
Results: Fifteen studies, including 356 patients, were selected
for inclusion in this meta-analysis. During a mean follow-up of
21.22 months, death occurred in 61 patients (10.28 per 100
patients years). Significant improvement was seen in LV ejection
fraction (mean difference 7.9%, 95%CI 5 to 10%; I2 = 73%), QRS
width (mean difference: -41% 95% -75 to -7%; I2 = 94%), and
NYHA class (mean difference: -1.06, 95% -1.2-to -0.9, I2 = 60%)
(all P<0.0001). Stroke occurred in 3 to 3.7 per 100 patient years.
Conclusion: LV endocardial lead implantation is a potential
efficacious alternative to CS lead placement, but potentially
higher risk of stroke during follow up.
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C-AB17-04
ICD LEAD TYPE AND POSITION DO NOT AFFECT LONGTERM OUTCOME IN CRT-D PATIENTS

Alexander P. Benz, MD, Mate Vamos, MD, Julia W. Erath, MD,
Peter Bogyi, MD, Gabor Duray, MD and Stefan H. Hohnloser,
MD, FHRS. University Hospital Frankfurt, Frankfurt, Germany,
Medical Centre - Hungarian Defence Forces, Budapest,
Hungary, J. W. Goethe University, Frankfurt, Germany
Background: Many studies have addressed the optimal position
of the left ventricular (LV) lead in individuals receiving cardiac
resynchronization therapy (CRT). However, data on right
ventricular (RV) lead type and position and their impact on longterm outcome in patients undergoing CRT-D implantation are
limited.
Objective: To assess the impact of RV lead type (dual vs. single
coil) and position (septal vs. apical) on clinical response and
long-term survival in CRT-D recipients.
Methods: A total of 462 consecutive patients undergoing CRT-D
implantation from March 2005 until April 2016 in one German
and one Hungarian center were enrolled in this study. The mean
follow-up was 47.5±34.1 months. The effect of RV lead type
and position on clinical response (indicated as an improvement
in NYHA class) and all-cause mortality were assessed for all
patients included in the study.
Results: 299 (65%) dual- and 163 (35%) single coil ICD leads
were used. 183 (40%) patients received septal and 274 (59%)
apical RV electrodes. Neither ICD lead type (64.9% vs. 68.7%
p=0.406) nor ICD lead position (67.2% vs. 65.7%, p=0.736)
affected clinical response in terms of improvement in NYHA
class. There was no difference in long-term all-cause mortality
of patients with dual- vs. single-coil leads (HR 0.86, 95% CI
0.60-1.22, p=0.393). On univariate analysis, there was a strong
tendency for a beneficial mortality effect in favour of septal over
apical RV position (HR 0.72, 95% CI 0.51-1.02, p=0.061).
Conclusion: Neither ICD lead position nor ICD lead type were
significantly associated with long-term outcome in patients
receiving CRT-D.

C-AB17-05
RIGHT VENTRICULAR LEAD LOCATION, RIGHT-LEFT
VENTRICULAR LEAD INTERACTION, AND LONGTERM MORTALITY IN CARDIAC RESYNCHRONIZATION
THERAPY PATIENTS

Usama Daimee, MD, Helmut U. Klein, MD, FHRS, Michael C.
Giudici, MD, Wojciech Zareba, MD, PhD, Scott McNitt, MS,
Slava Polonsky, MS, Arthur J. Moss, MD and Valentina Kutyifa,
MD. University of Rochester Medical Center, Rochester, NY,
University of Iowa, Iowa City, IA, University of Rochester Cardiology Unit, Rochester, NY
Background: The effects of right ventricular (RV) lead
location and right ventricular-left ventricular (RV-LV) lead
interaction on long-term mortality in patients receiving cardiac
resynchronization therapy with defibrillator (CRT-D) are not well
understood.
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Objective: To determine the impact of RV lead location and RVLV lead interaction on mortality in CRT-D patients.
Methods: Our cohort consisted of 743 patients from MADITCRT receiving CRT-D. We evaluated outcomes in patients with
non-apical RV vs. apical RV leads. There were 157 total patients
described to have concordance in RV and LV lead positions: 72
with RV and LV leads that were both non-apical, and 85 with RV
and LV leads that were both apical. There were 586 total patients
with discordance in RV and LV lead positions: 14 with non-apical
RV and apical LV leads, and 572 with apical RV and non-apical
LV leads. End point was all-cause mortality.
Results: There was no difference in survival related to nonapical RV vs. apical RV leads (Figure, HR: 1.52, 95% CI: 0.86 2.70, p=0.15). However, we found a difference in mortality risk
between the discordant and concordant RV-LV lead subgroups.
Patients with non-apical RV and apical LV leads had significantly
higher mortality risk vs. those with concordant RV-LV leads
(Figure, HR: 4.76, 95% CI: 1.88 - 12.21, p<0.001). Patients with
apical RV and non-apical LV leads had similar outcomes vs.
those with concordant RV-LV leads.
Conclusion: Among CRT-D patients, long-term mortality was
similar for non-apical RV and apical RV lead positions. However,
the risk of mortality was increased with discordance in the RV
and LV leads, when a non-apical RV lead location was combined
with an apical LV lead location.

C-AB17-06
OPTIMIZATION OF MEDICAL TREATMENT IMPROVE LONG
TERM SURVIVAL OF HEART FAILURE AFTER ICD AND
CRT IMPLANTATION. INSIGHT FROM NATIONAL FRENCH
DATABASE
Grégoire Massoullié, MD, Adrien Reuillard, MD, Frédéric Jean,
MD, Aurélien Mulliez, MD, Sylvain Ploux, MD, Bruno Pereira,
PhD, Xavier Chabin, MD, Marius Andronache, MD, Pascal
Motreff, MD, PhD, Guillaume Clerfond, MD, Pierre Bordachar,
MD and Romain Eschalier, MD, PhD. Clermont-Ferrand
University Hospital, Clermont-Ferrand, France, Hospital Haut
Leveque, Pessac, France, Hospital Du Haut-Leveque, Pessac,
France
Background: Prognosis of heart failure with reduced ejection
fraction (HFREF) is improved by tailored drugs optimization. We
conduct an evaluation of European guidelines implement before
device implantation.
Objective: To assess the recommended drug prescription
pattern and impact in HFrEF.
Methods: Between January 2009 and December 2014,
data were extracted from the EGB (Échantillon Généraliste
des Bénéficiaires) database, a representative 1/97th random
sample of the population covered by the French national
health insurance system. We included HFREF patients
implanted with implantable cardiac defibrillator (ICD) or cardiac
resynchronization therapy (CRT). Survival and treatments were
analyzed at baseline, 3 months and until January 2016.
Results: We included a sample of 378 patients (135 ICD, 243
CRT) with a mean age of 68±13 years. Mean follow-up was 23
months [11-42]. At baseline, 36% of patients had only one or no
HF drug among betablocker (BB), angiotensin receptor blockers
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(ARB) or angiotensin-converting enzyme inhibitor (ACE-I) and
mineralocorticoid receptor antagonist (MRA). 26% had an
optimal treatment (all the 3 classes). At 3 months, prescription
rate was higher compared to baseline but not at five years. HF
Hospitalization rate was higher in non optimized patient group
28% vs. 14% (p=0.001). 25 patients optimally treated were
needed to avoid 4 hospitalization (p<0.001). BB associated with
ARB/ACE-I was associated with a lower mortality (HR=0,67 [0.40.9]).
Conclusion: HFREF drugs are under prescribed before CRT
and ICD implantation despite we demonstrated that treatment
optimization reduced HF hospitalization.

compared to 9% in healthy controls and 50% in LQTS cases
(P<0.0001). 223 individuals who hosted a variant in a canonical
LQTS gene underwent clinical evaluation at TCH. Of these, 20
(9.0%) had at least 1 measured QTc>480, while only 1 (<1%)
had a structurally normal heart. None held a diagnosis of LQTS.
Conclusion: Incidentally identified LQTS-associated variants
within WES are common and reflect a high background rate of
genetic variation. Incidental LQTS-associated variants are rarely
related with QTc elevation, especially in the setting of normal
cardiac anatomy.

C-AB18-02
LONG TERM EFFECTS OF BETA-BLOCKER THERAPY
IN CHILDREN DIAGNOSED AS AFFECTED BY LONG
QT SYNDROME BY NEONATAL ECG AND GENETIC
SCREENING

Goulene Karine, MD, PhD, Georgeos Michailidis, MD, PhD,
Elisabetta Conte, MD, Peter J. Schwartz, MD and Marco
Stramba-Badiale, MD, PhD. Istituto Auxologico Italiano, Milan,
Italy
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C-AB18-01
INCIDENTALLY IDENTIFIED VARIANTS IN GENES
ASSOCIATED WITH LONG QT SYNDROME AMONG WHOLE
EXOME GENETIC TEST REFERRALS
Ernesto Fernandez, MD, Andrew Dailey-Schwartz, MD, MPH,
Jill A. Rosenfeld, MS, Yaping Yang, PhD, Hugh D. Allen, MD,
Daniel J. Penny, MD, PhD, Jeffrey J. Kim, MD, Andrew P.
Landstrom, MD, PhD and Christina Y. Miyake, MD, MSc. Texas
Children›s Hospital, Houston, TX, Baylor Genetics, Houston, TX
Background: With the rapid expansion of the clinical wholeexome sequencing (WES) genetic test, clinicians and scientists
must determine the probability for pathogenicity of incidentally
identified variants. Variants in genes related to long QT
syndrome (LQTS), an arrhythmia with a risk of syncope and
sudden cardiac death, typify this challenge.
Objective: To determine whether identified genetic variants
associated with LQTS among a large cohort of predominantly
pediatric WES referrals represent pathologic markers or genetic
noise.
Methods: WES variants from Baylor Genetics Laboratories
referral database were obtained for 16 genes related to LQTS,
including 3 canonical LQTS genes - KCNQ1, KCNH2, and
SCN5A. Rare, healthy controls were obtained from the ExAC
database (MAF<0.01). LQTS cases were extracted from
literature. Clinical history and diagnostic studies, including
ECGs, were analyzed for WES subjects evaluated at Texas
Children’s Hospital (TCH).
Results: The WES cohort compromised 7244 individuals (age
9.4 years, 45% female), 3513 (49%) of whom hosted either a
pathogenic (1.3%) or variant of undetermined significance (VUS,
48%) in any LQTS-associated gene. 38% of healthy individuals
hosted a rare variant. WES and healthy variants localized
predominantly to AKAP9 (23 and 26%) and ANK2 (20 and 23%).
12% of WES variants localized to the 3 canonical LQTS genes

Background: Our 2009 study on almost 45000 neonates has
shown that ECG screening can identify long QT syndrome
(LQTS) infants and guide genetic screening. The diagnosis of
LQTS mandates therapy with beta-blockers (BB) but limited data
are available on the long-term effects of BB initiated early on.
Our aim was to assess the effects of chronic BB therapy started
in the 1st month of life.
Methods: We studied 48 children in 3 groups: 1) 21 LQTS
children diagnosed by neonatal ECG, genotype-positive, treated
with BB since the 1st month and followed for 8+3 yrs (LQTSBB); 2) 16 children with transient QT interval prolongation,
genotype-negative, in whom BB were progressively withdrawn at
age 1 and followed for 8+6 yrs (TransientQT); 3) 11 apparently
healthy children of similar age serving as controls (C). Clinical
assessment, ECG, Holter monitoring and cardiac ultrasound
were performed yearly during follow-up. As BB might interfere
during development with glycemic and lipid profile or respiratory
function, metabolic parameters were determined and spirometry
and cardio-pulmonary test were performed.
Results: As expected LQTS-BB had a longer QTc than C and
TransientQT (both p<0.001)(454+25, 412+15 and 417+19
ms, respectively). All C and TransientQT had a normal QTc.
No bradycardia, pauses, AV block or ventricular arrhythmias
were observed in all 3 groups. Cardiac ultrasound, spirometry
and cardio-pulmonary test were normal in all groups as well
as plasma glucose, HbA1c, total cholesterol, LDL, HDL and
triglycerides, except for one C child who had elevated LDL,
normalized by diet. There were no episodes of syncope. One
child in each group had transient asthma episodes and none
required chronic therapy. Transient sleep disturbances were
observed in 3/21 (14%) LQTS-BB, in 2/16 (12.5%) TransientQT
and in 1/11 (9%) C.
Conclusion: TransientQT children show normal QTc at followup; LQTS children treated with BB since the 1st month of life
do not differ from C or TransientQT for heart rhythm, cardiac
and respiratory function, metabolic profile as well as for the rare
occurrence of asthma or sleep disturbances. Thus, BB therapy,
quite effective for LQTS, can be initiated in the 1st month of life
and continued for several years without any safety concern.
(Grant RF-2009-1468554).
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C-AB18-03
ARRHYTHMIA AFTER CONE REPAIR FOR EBSTEIN
ANOMALY IN 143 YOUNG PATIENTS

Philip Wackel, MD, Bryan C. Cannon, MD, Joseph A. Dearani,
MD, Kristen Sessions, BS, Kimberly Holst, MD, Jonathan N.
Johnson, MD and Frank Cetta, MD. Mayo Clinic, Rochester,
MN, Mayo Clinic Rochester, Rochester, MN, Mayo School of
Graduate Medical Education, Rochester, MN
Background: Ebstein anomaly (EA) is associated with an
increased incidence of arrhythmia. Anatomic changes after
the cone repair (CR) may make catheter ablation challenging
or even prohibitive. Some centers perform a preoperative
electrophysiology study (EPS) in all patients prior to surgery for
EA. However, the risk of significant arrhythmia after CR is not
well established.
Objective: To assess the burden of arrhythmia in young patients
after CR for EA and to assess the utility of selective preoperative
EPS.
Methods: A retrospective review of all patients < 21 years
of age with EA who had a CR at our institution from June
2007 - December 2015 was performed. In addition, surveys
were mailed to all living individuals to assess antiarrhythmic
medication use and EP/device procedures that were performed
after surgery with calls made to those not responding to surveys.
Results: There were 143 patients; median age 10 yrs (0.1 20.9 yrs). Thirty-five (24%) patients had a preoperative EPS
and 26 (18%) had a preoperative ablation. Indications for EPS
were WPW, documented arrhythmia, or suspected arrhythmia.
Twenty (14%) had an intraoperative maze procedure. Post
hospital discharge data were available for 140 (98%) patients.
Mean follow-up was 3.1 years (0.1-9.2 years) with 1 death 2.8
years after surgery from a motor vehicle accident not related to
an arrhythmia. At most recent follow-up 9 (6%) patients were
receiving antiarrhythmic medications. Ten had an EPS after
CR: 5 with a preoperative EPS and 5 with no preoperative EPS.
In the 5 that had a preoperative EPS, the postoperative EPS
was subsequently negative in 2 and 3 (2%) had ablation of 4
arrhythmia substrates that were not inducible previously: focal
atrial tachycardia (2), cavotricuspid isthmus atrial flutter (1), and
atypical AVNRT (1). In the other 5 with no preoperative EPS,
the postoperative EPS was negative in 2 and 3 (2%) had an
ablation of a concealed accessory pathway. One patient had an
epicardial ICD placed at the time of CR and none had an ICD
placed after CR. Two patients had a pacemaker placed after CR.
Conclusion: In young patients with EA undergoing CR a
preoperative EPS can be limited to those with WPW, known
arrhythmia, or suspected arrhythmia. After CR the risk of
arrhythmia at follow-up is low.

C-AB18-04
WITHDRAWN

C-AB18-05
CARDIOVASCULAR COLLAPSE WITH INTRAVENOUS
AMIODARONE IN CHILDREN. A MULTI-CENTER CASE
SERIES
Khadijah Maghrabi, MD, Joel A. Kirsh, MD, Nicholas H. Von
Bergen, MD, Seshadri Balaji, MBBS and Shubhayan Sanatani,
MD. Hospital for Sick Children, Toronto, ON, Canada, The
University of Wisconsin, Madison, WI, Oregon Health & Science
University, Portland, OR, Children’s Heart Centre, Vancouver,
BC, Canada
Background: Amiodarone is a commonly used anti-arrhythmic
that is used to treat both atrial and ventricular tachyarrhythmias.
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Many reports attest to the potential for hypotension and
bradycardia during amiodarone intravenous (IV) infusion in
children.
Objective: To determine the incidence and risk factors of acute
cardiovascular collapse in pediatric patients on IV amiodarone
infusion.
Methods: Retrospective chart review of all pediatric patients
(<18 years) who received IV amiodarone from 2005 to 2015 in 4
centers. Patients who developed cardiovascular collapse (severe
bradycardia or hypotension requiring intervention) within 2 hours
of the infusion were identified. Clinical data including the details
of the collapse event and outcomes were collected.
Results: Overall, 375 children met the inclusion criteria.
Arrhythmias were successfully treated with intravenous
amiodarone alone in 269 (72%) of the total study group. Of this
population, 41 patients (11%) developed acute cardiovascular
collapse. 23 patients of this group had developed arrhythmias
in the post-operative period (56%). Most the patients (n=40)
received an amiodarone bolus with or without being followed by
an infusion. In 41% of those patients, the loading dose (median
of 5mg/kg) was given over 30 minutes or less. Cardiovascular
collapse in all patients occurred within the first 90 minutes of
amiodarone administration. 17% were treated with fluid boluses
alone, 24% required chest compressions, and 49% required
extracorporeal life support. 35 patients survived to discharge
(survival rate 85.7%). When compared to patients who didn’t
develop cardiovascular collapse, depressed myocardial function
and short infusion time (less than 30 minutes) of the first
amiodarone bolus were significant risk factors for developing
acute cardiovascular collapse (P-value 0.006, and 0.003
respectively).
Conclusion: Amiodarone is an effective antiarrhythmic in the
pediatric population. However, in approximately 11% of the
pediatric population, amiodarone administration is associated
with acute cardiovascular events. Caution is necessary with
rapid intravenous amiodarone administration especially in
patients with depressed myocardial function.

C-AB18-06
OUT-OF-HOSPITAL CARDIAC ARREST AND
RESUSCITATION IN ADULTS WITH CONGENITAL HEART
DISEASE

Jim T. Vehmeijer, MD, Michiel Hulleman, MD, Joey M. Kuijpers,
MD, Marieke T. Blom, PhD, Hanno L. Tan, MD, PhD, Rudolph
W. Koster, MD, PhD, Barbara J. Mulder, MD, PhD and Joris R.
de Groot, MD, PhD. Academic Medical Center, Amsterdam,
Netherlands
Background: Adult congenital heart disease (ACHD) patients
are at increased risk of sudden cardiac death (SCD). Currently
there is no data on the causes, circumstances and outcome
of OHCA in ACHD patients. This information is important for
adequate risk stratification for SCD.
Objective: To describe circumstances and outcome of OHCA in
ACHD patients compared to OHCA in the general population.
Methods: We identified ACHD cases with OHCA by linking data
from two large ongoing registries in the Netherlands: ARREST, a
large regional cohort of OHCA cases (n=17,868), and CONCOR,
a nationwide registry of ACHD patients (n=15,727).
Results: 63 ACHD patients with OHCA were found. Ventricular
septal defect (VSD, n=11), bicuspid aortic valve (n=9) and atrial
septal defect (n=8) were the most common diagnoses. We
included 11,518 adult OHCA cases from the general population
as controls. ACHD patients were significantly younger at the time
of OHCA, and more often had a shockable rhythm (67% vs 42%,
respectively) (table 1). Survival to discharge after OHCA was
significantly higher in ACHD patients (p<0.001). After correction
for age, gender, witnessed arrest, bystander resuscitation, public
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location and shockable rhythm, ACHD was not significantly
associated with a longer survival (p = 0.139).
Conclusion: Most ACHD patients with OHCA are young and
have relatively simple congenital defects. Risk stratification
efforts should therefore be expanded to these patients. Although
survival of ACHD patients after OHCA is better than in the
general population, this is driven by young age and shockable
rhythm.
Table 1: characteristics of OHCA cases with ACHD and adults with OHCA in the
general population
General
ACHD
p
population
n

63

11,518

Age, median [quartiles]
Male (%)
Public location (%)
Witnessed arrest (%)
Cardiac cause (%)
Shockable rhythm (%)
Survival to discharge (%)
Time to rhythm analysis (min:
sec), mean (sd)

47 [34, 58]
65
46
90
86
67
46

67 [57, 78]
71
34
75
95
42
20

10: 11 (4: 27)

10: 07 (5: 58) 0.941

<0.001
0.273
0.073
0.015
0.061
<0.001
<0.001
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C-AB19-01
VARIATION IN RECOMMENDATIONS REGARDING
PRIMARY PREVENTION IMPLANTABLE CARDIOVERTER
DEFIBRILLATORS IN ADULT CONGENITAL HEART
DISEASE

Robert D. Whitehill, MD, Kimberlee Gauvreau, ScD, Stephanie
F. Chandler, MD, Elizabeth S. DeWitt, MD, Laura M. Bevilacqua,
MD, Mark E. Alexander, MD, FHRS, John K. Triedman, MD,
FHRS, Edward P. Walsh, MD, FHRS, Douglas Y. Mah, MD
and Dominic J. Abrams, MD. Boston Children›s Hospital,
Boston, MA, Children›s Hospital Boston, Boston, MA,
Children›s Hospital Cardiology Dept., Boston, MA, Children›s
Hospital - Cardiology, Boston, MA, Children›s Hospital Boston Cardiology, Boston, MA, Children›s Hospital, Boston, MA
Background: Primary prevention implantable cardioverter
defibrillators (1P-ICD) are frequently used to prevent sudden
cardiac death in adults with congenital heart disease (ACHD)
though recommendations for implantation vary.
Objective: To evaluate current perceptions regarding
implantation of 1P-ICD in ACHD patients (pts) and the frequency
of life-saving ICD therapy and complications.
Methods: Records of ACHD patients >16 yrs who received
1P-ICD from 2002-09 were reviewed. A clinical vignette was
created for each pt that included diagnosis, surgery, symptoms,
imaging, hemodynamics, anti-arrhythmic medication, rhythm
monitoring, baseline ECG and invasive EP study. Vignettes
were presented to 4 internal reviewers, who were asked to
recommend 1P-ICD or not, based on current personal practice
and guidelines. ICD therapies were considered life-saving for VT
with CL <300ms or VF. Major ICD complications were defined as
inappropriate shocks, infection, lead malfunction or procedural
complications requiring intervention.
Results: Forty-six pts (median age at 1P-ICD 26 (16 - 63) yr)
were included with the following diagnoses: Tetralogy of Fallot
variant (39%), D-transposition of the great arteries (26%), aortic

stenosis (9%), L-transposition of the great arteries (9%), and
others (17%). Over a mean follow up of 9.6 +2.5 years, 5 pts
(11%) received life-saving therapy. Major ICD complications
occurred in 17 pts (37%) with 12 receiving inappropriate
shocks and 10 documented episodes of procedural or device
complications. ICD was recommended for 51% (35% - 67%),
with poor agreement amongst reviewers (kappa 0.28; p < 0.001).
All reviewers recommended 1P-ICD in 2 of the pts who received
life-saving therapy, but > 3 reviewers recommended no 1P-ICD
in the other 3 pts.
Conclusion: Perception regarding the need for 1P-ICD in
ACHD pts has changed in the last decade, with poor agreement
amongst experienced clinicians in the same practice. Accurate
prediction of which pts will receive life-saving therapy remains
challenging. That a significant number experience complications
but not life-saving therapy, suggests re-evaluation of the future
ICD risk benefit ratio at the time of generator replacement.

C-AB19-02
DEFIBRILLATION SAFETY MARGIN TESTING PROVIDES
VALUABLE CLINICAL INFORMATION IN PEDIATRIC
AND CONGENITAL HEART DISEASE PATIENTS: A
MULTICENTER STUDY

Carolina A. Escudero, MD, MSc, Douglas Mah, MD, Laura
Fenwick, BSc, Richard J. Czosek, MD, Ian H. Law, MD,
FHRS, Jennifer Lampe, BS, Stephen P. Seslar, MD, PhD,
Shubhayan Sanatani, MD, Khadijah Maghrabi, MD, Georgia
Sarquella Brugada, MD, MSc, Anjan S. Batra, MD, Robert
Hateley, BA, Anne Fournier, MD, Sylvia Abadir, MD, Charles I.
Berul, MD, Bradley Clark, MD, Vicki Freedenberg, PhD, Jason
M. Garnreiter, MD, Peter F. Aziz, MD, Andrew Martin, MD,
Jonathan R. Skinner, MD, Jennifer N.A. Silva, MD, Tammy M.
Bowman, NP and Elizabeth A. Stephenson, MD, MSc. Stollery
Children’s Hospital, Edmonton, AB, Canada, Children’s Hospital
Boston, Boston, MA, The Hospital for Sick Children, Toronto,
ON, Canada, Cincinnati Children’s Medical Center, Cincinnati,
OH, University of Iowa Stead Family Children’s Hospital, Iowa
City, IA, Seattle Children’s Hospital, Seattle, WA, Children’s
Heart Centre, Vancouver, BC, Canada, King Abdulaziz
University, Jeddah, Saudi Arabia, Barcelona Children’s Hospital,
Barcelona, Spain, University of California at Irvine Medical
Center, Orange County, CA, Ste Justine Hospital, Montreal,
QC, Canada, Montreal Heart Institute, Montreal, QC, Canada,
Children’s National Medical Center, Washington, DC, SSM
Cardinal Glennon Children’s Hospital, St. Louis, MO, Cleveland
Clinic Foundation, Cleveland, OH, Auckland City Hospital,
Auckland, New Zealand, Starship Children’s Hospital, Auckland,
New Zealand, Washington University School of Medicine, St.
Louis, MO, St. Louis Children’s Hospital, St. Louis, MO
Background: The utility of defibrillation safety margin testing
(DSMT) in pediatric and congenital heart disease (CHD) patients
is not well studied. Studies in adults suggest that excluding
DSMT at ICD implantation is reasonable.
Objective: To determine the rate of DSMT failure and
subsequent ICD configuration changes in pediatric and CHD
patients.
Methods: This is a retrospective, multicenter study of pediatric
(<21 yrs) and CHD patients with transvenous ICD implantation
from 2000-2015 who underwent DSMT. Failure of DSMT was
defined as failed consistent defibrillation at an output at least
10 Joules (J) below maximum ICD output. Clinical information,
DSMT results, and occurrence of clinical failed appropriate
shocks were collected.
Results: There were 465 patients included. DSMT failed in 38
(8%) in the initial ICD configuration, resulting in a management
change in 27/38 (71%): hardware change in 20 (74%),
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programming change in 16 (59%). After ICD programming
or hardware change, 24/27 patients (89%) had subsequent
successful DSMT. Patients with failed vs successful DSMT were
more frequently male (82 vs 61%, p=0.012), had submuscular
generators (56 vs 38%, p=0.035), and larger BSA (1.8 vs
1.6m2, p =0.04). There was no difference between groups in
proportion of structural CHD (39 vs 29%, p=0.17), hypertrophic
cardiomyopathy (18 vs 23%, p=0.49), or dual coil leads (8 vs
19%, p=0.12). Adverse events from DSMT occurred in 5 patients
(1.1%) including neurologic injury, ICU admission, and chest
compressions, with no fatalities. DSMT failure (n=14) vs success
at the end of ICD implantation (after ICD revision or final testing)
was associated with clinical failed appropriate shocks (15 vs 1%,
p=0.011) over mean follow-up of 4.0 ± 3.3 yrs.
Conclusion: We found an 8% incidence of failed DSMT at ICD
implantation in pediatric and CHD patients. Failure of final DSMT
is associated with clinical failed appropriate ICD shocks. DSMT
is associated with relatively infrequent adverse events. The
incidence of failed DSMT must be weighed against the adverse
event risk in pediatric and CHD patients when considering this
testing.

C-AB19-03
THE U.S. EXPERIENCE OF THE WEARABLE
CARDIOVERTER-DEFIBRILLATOR IN PEDIATRIC
PATIENTS

David S. Spar, MD, Timothy K. Knilans, MD, FHRS, Richard J.
Czosek, MD, Nicole R. Bianco, PhD and Jeffrey B. Anderson,
MD. Cincinnati Children’s Hospital, Cincinnati, OH, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, Cincinnati
Children’s Medical Center, Cincinnati Children’s Hospital
Medical Center, OH, ZOLL, Pittsburgh, PA, Cincinnati Children’s
Hosptial Medical Center, Cincinnati, OH
Background: Certain pediatric patients are at risk for sudden
cardiac death (SCD) related to ventricular arrhythmia secondary
to cardiomyopathies, channelopathies and congenital
abnormalities. For patients with the highest risk, implantable
cardioverter defibrillators (ICD) are often the optimal therapy to
abort SCD. The wearable cardioverter defibrillator (WCD) can be
used in clinical situations in which ICD placement is not ideal.
Objective: The objectives of the study are to examine the
effectiveness, safety and compliance of the WCD in the
identification and treatment of life threatening ventricular
arrhythmias in pediatric patients.
Methods: All U.S. pediatric patients <18 years of age who
wore a WCD for at least one day, from December 31st 2009 to
September 14th 2016 were retrospectively reviewed. Clinical
indication and diagnosis were recorded from the ICD-9/10 code.
Outcomes of WCD therapy and patient survival were analyzed.
All therapies were physician adjudicated for appropriateness and
outcome.
Results: In total, 455 patients, 61% male, were identified.
The median age was 15 (3-17) years. The median duration of
WCD use was 33 (1-999) days and median patient wear time
was 20.6 (0.3 - 23.8) hours per day. Common diagnoses for
which the WCD was used included: cardiomyopathy 173 (38%),
ventricular arrhythmias (VT/VF) 60 (13%), cardiac arrest 51
(11%), congenital heart disease 44 (10%), and channelopathy
40 (9%). Eight patients (1.8%) received at least one shock
treatment. Two patients (0.4%) had one inappropriate treatment
each (asystole and artifact). Of the 6 patients (1.3%) who had
appropriate therapy, there were 7 episodes of either polymorphic
VT or VF with a total of 13 treatments delivered. Four of the
7 episodes terminated with the first treatment; 3 required 2-4
additional treatments. All episodes were successfully converted
and the patients survived. The WCDs were discontinued most
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commonly for placement of an ICD in 195 (43%), improvement
of ejection fraction in 67 (15%), and heart transplantation or VAD
in 20 (4%). There were 7 deaths (1.5%), all while the patient was
not wearing the WCD, mostly in the hospital (4/7).
Conclusion: The WCD is safe and effective in treating
ventricular arrhythmias that can lead to SCD in pediatric
patients.

C-AB19-04
ARE IMPLANTABLE CARDIOVERTER-DEFIBRILLATORS
INDICATED IN PEDIATRIC VENTRICULAR ASSIST DEVICE
PATIENTS?
Anica Bulic, MD, Scott R. Ceresnak, MD, Kara S. Motonaga,
MD, John C. Dykes, MD, Debra G. Hanisch, NP, Anthony V.
Trela, NP, Katsuhide Maeda, MD, PhD, Christopher S. Almond,
MD, MPH, David N. Rosenthal, MD and Anne M. Dubin,
MD, FHRS. Division of Pediatric Cardiology, Lucile Packard
Children’s Hospital at Stanford, Palo Alto, CA, Lucille Packard
Children’s Hospital - Stanford Univeristy, Palo Alto, CA, Lucile
Packard Children’s Hospital, Palo Alto, CA, Stanford University,
Palo Alto, CA, Stanford University Pediatric Cardiology, Palo
Alto, CA

Background: Ventricular arrhythmias in left ventricular assist
device (LVAD) recipients have been associated with increased
mortality in adult patients with ischemic heart disease.
Implantable cardioverter-defibrillators (ICDs) have been shown
to significantly reduce mortality in adult LVAD patients. However,
the effect of ventricular arrhythmia on post-VAD survival and
the efficacy of ICDs in the pediatric population is less well
understood.
Objective: To characterize the incidence of post-VAD ventricular
arrhythmias and its effect on mortality to help guide ICD decision
making in the pediatric population.
Methods: In the largest pediatric study thus far, 82 children who
received a VAD from 2009-2016 at our institution were studied.
Ventricular arrhythmias, defined by non-sustained ventricular
tachycardia (VT), sustained VT or ventricular fibrillation (VF),
before and after VAD implantation were analyzed. Patients on
ECMO were excluded. Primary endpoint was all-cause mortality.
Results: Among 82 pediatric VAD recipients, 28 developed
ventricular arrhythmias post-VAD implantation (34%), of
which 17 (61%) were sustained VT and/or VF. Follow-up time
was similar in children who developed post-VAD ventricular
arrhythmias and in those that did not (150 vs. 107 days, p=0.41).
Children who developed ventricular arrhythmias were more
likely to have a history of pre-VAD ventricular arrhythmias (58%
vs. 29%, p<0.01) and be on a continuous flow device (34%
vs. 21%, p<0.001). No differences in QTc, QT dispersion, or
fractionated QRS were seen between the two groups. Ventricular
arrhythmias post-VAD did not confer an additional mortality risk
(21% vs. 33%, p=0.26) and none of the deaths were attributable
to arrhythmias. No patient required cardioversion or defibrillation
to treat their arrhythmia. Three patients had ICDs implanted
post-VAD, none of which had appropriate or inappropriate ICD
discharges.
Conclusion: Ventricular arrhythmias are common following
pediatric VAD implantation, with the majority consisting of
sustained VT or VF. Despite this, there was no increased
mortality or defibrillation therapy in this group. As opposed to
the adult population, these findings suggest ICDs may not be
beneficial in reducing mortality in pediatric VAD patients.
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C-AB19-05
POSTTRAUMATIC STRESS DISORDER IN PEDIATRIC ICD
PATIENTS

Lauren M. Schneider, PhD, Korey K. Hood, PhD, Spenser Y.
Chen, BS, Kara S. Motonaga, MD, Richard J. Shaw, MD, Debra
G. Hanisch, NP, Scott R. Ceresnak, MD, Anthony Trela, NP,
Samuel F. Sears, PhD and Anne M. Dubin, MD, FHRS. Stanford
University, Stanford, CA, Lucile Packard Children’s Hospital,
Palo Alto, CA, Lucille Packard Children’s Hospital - Stanford
Univeristy, Palo Alto, CA, East Carolina University, Greenville,
NC, Stanford University Pediatric Cardiology, Palo Alto, CA
Background: There is limited data surrounding the
psychological functioning of pediatric patients with ICDs, most
focusing on quality of life, anxiety, and depression. Posttraumatic
stress disorder (PTSD), often seen in adult patients with ICDs,
has not been formally described in pediatric patients.
Objective: We aimed to assess the incidence of PTSD in a
population of pediatric ICD patients, with a concentration on
suicidal ideation (SI).
Methods: Pediatric ICD device check patients were
administered a psychosocial battery via an electronic tablet
while awaiting ICD interrogation. This battery included valid
and reliable measures of depression, anxiety, PTSD, quality
of life, and medication barriers, as well as measures of device
acceptance and a needs analysis.
Results: 40 adolescent patients (mean age 17.6, ± 3.8)
participated. Mean time since implant was 3.5 ± 2.83 yrs. 73%
were male, 75% were on a beta blocker, and 27.5% received
an ICD discharge. Underlying diagnoses were congenital heart
disease (20%), cardiomyopathy (41%), and channelopathy
(39%).12.5% of patients endorsed having had SI in the prior two
weeks. 35% (13/37 patients) endorsed experiencing a traumatic
event in their life, with 10/13 (77%) relating the trauma to a
medical procedure or their cardiac diagnosis. When formally
scoring for PTSD, 19% of the total population and 50% of
those reporting a medical event as traumatizing would warrant
therapy for PTSD. Interestingly, despite the high level of PTSD
in this population, only 10% of the patients scored above the
recommended cutoff for depression, which is consistent with
published levels in the general population. Of the patients that
reported SI, only 60% met criteria for depression and 40% met
criteria for PTSD.
Conclusion: PTSD and suicidal ideation were common in this
pediatric population, despite relatively low depression scores.
These data highlight three critical issues: 1) current depression
testing tools may not be capturing an at-risk population among
pediatric ICD patients, 2) specific therapy for PTSD may be
warranted in a subset of this population, and 3) further work to
consider ways to make medical procedures less traumatic are
needed.

C-AB19-06
LEFT VENTRICULAR APICAL PACING IN CHILDREN FEASIBILITY AND LONG-TERM EFFECT ON
VENTRICULAR FUNCTION

Peter Kubuš, MD, PhD, Jan Kovanda, MD, Jan Janousek, MD,
PhD and Miroslav Ložek, Eng. Children’s Heart Centre, 2nd
Faculty of Medicine, Charles University in Prague and Motol
University Hospital, Prague, Czech Republic
Background: Left ventricular (LV) pacing has been reported
to preserve LV function in chronically paced children with atrioventricular (AV) block. We sought to evaluate long-term results of
LV apical pacing (LVAP) in patients with both structurally normal
heart and congenital heart disease.

Patients and Methods: 36 patients with complete spontaneous
(N=22, group A) and surgical AV block (N=14, group B, systemic
LV in all) received an epicardial VVIR (N=19) or DDDR (N=17)
pacemaker at the median age of 1.69 (IQR 0.04-4.39) years.
Bipolar ventricular pacing leads (Medtronic 4968) were placed at
the LV apex using a subxiphoid approach (N=18) or sternotomy
(N=18). After median follow-up of 2.9 (IQR 1.9-6.2) years
echocardiography and exercise stress testing was performed.
Data were compared to age-matched normal controls (N=25,
group C).
Results: Pacemaker implantation was uneventful, there was
no death and all patients were on LVAP at the end of followup. Probability (3 and 6 years after implantation) of absence
of pacemaker-related surgical revision (elective generator
replacement excluded) was 89.0 and 89.0 %, resp. Probability
of freedom from battery depletion was 91.4 % and 77.8 %, resp.
Ventricular thresholds at given pulse duration did not change
between discharge and last follow-up: mean 0.71 (SD 0.22) V
and 0.84 (0.37) V, p NS. There was no significant difference in
LV end-diastolic volume index (LVEDVi) and ejection fraction
(LVEF) between groups A, B and C at last follow-up: LVEDVi
= mean 49 (SD 13), 50 (16) and 50 (10) mL/m2 BSA, LVEF =
median 65, 64 and 65 %, p NS for both. Inter-ventricular and
intra-LV synchrony was preserved in groups A and B. Maximum
oxygen uptake was, however, lower in group A = mean 33.5 (SD
5.8) and B = 33.9 (6.1) ml/kg/min as compared to group C = 40.8
(6.6) ml/kg/min, p=0.009. In group A (free from structural heart
disease) LVEF and the Z-score of LV end diastolic diameter did
not change significantly during pacing.
Conclusion: LVAP carries complete preservation of LV function
and synchrony. Pacing-related complications are rare and
probability of continued LVAP is excellent despite patient growth.
(Supported by Ministry of Health CZ - DRO, University Hospital
Motol, Prague, Czech Republic 00064203)
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C-AB20-01
PROGRAMMING HIGH OUTPUTS FOR NEWLY IMPLANTED
LEADS IN A PATIENTS WITH CONGENITAL HEART
DISEASE: IS IT NECESSARY?

Brynn E. Dechert, MSN, CRNP, FHRS, Gerald A. Serwer, MD,
FHRS, David J. Bradley, MD, FHRS, Macdonald Dick, MD,
FHRS and Martin J. LaPage, MD, FHRS. University of Michigan,
Ann Arbor, MI, University of Michigan Congenital Heart Center,
Ann Arbor, MI, C.S. Mott Children›s Hospital, Ann Arbor, MI
Background: Steroid eluting leads have reduced the transient
threshold increase in the 2-4 weeks post pacemaker (PM) lead
implantation. However, many centers continue to program high
outputs during this acute phase, which can potentially decrease
device longevity. Automated threshold management (ATM)
algorithms also decrease the risk of non-capture. Hypothesis:
Acute phase high-output programming is unnecessary for
most patients due to an insignificant increase in post-implant
thresholds and utility of ATM algorithms.
Objective: Assess threshold trends during the first 3 months
post-implant and attempt to identify predictors of threshold
increase in a population of pediatric and congenital heart
disease (CHD) patients.
Methods: Single center retrospective cohort study of
steroid eluding PM leads connected to a Medtronic Capture
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Management enabled device and implanted between 1/2011 and
10/2016. Threshold data was collected from ATM and in-person
testing during the first 3 months post-implant.
Results: There were 165 PM leads implanted in 85 patients
during the study period. Forty leads (25%) were excluded for
absence of ATM data due to parameters preempting algorithm
function (mode, heart rate, high initial threshold), and 23 for
insufficient follow up data. There were 102 leads (62%) included:
70 transvenous (TV) and 32 epicardial (epi) leads; 44 atrial and
58 ventricular. Mean age at implant was 13.3 ± 11.7 yrs, and 58
in patients with CHD. Mean threshold change was +0.2 ±0.7 V.
Most leads (74%) had a max threshold increase of <0.5V; 90%
had a max increase of <1V. Maximum increase was 2V. Logistic
regression analysis to predict threshold increases of >1V, >0.5V,
and >0V did not identify presence of CHD, implant chamber, epi
vs TV lead or patient age as significant factors. Higher implant
threshold decreased the likelihood of threshold increase.
Conclusion: Post-implant threshold increases are minimal.
Programming high outputs during the acute phase may not be
necessary. A significant portion (25%) of implanted patients did
not have ATM due to device algorithm criteria. These limitations
should be taken into account, along with patient characteristics,
when determining safety in programming non-high acute phase
outputs.

C-AB20-02
GENDER DIFFERENCES IN 1-YEAR OUTCOMES OF FIRSTTIME AF ABLATION

Melissa E. Middeldorp, No Degree, Adrian Elliott, PhD, Celine
Gallagher, RN, Jeroen M. Hendriks, RN, PhD, Dian A. Munawar,
MD, Sharath Kumar, MD, Kashif Khokhar, MBBS, Anand
Thiyagarajah, MBBS, Rajiv Mahajan, MD, Dennis H. Lau, MBBS
and Prashanthan Sanders, MBBS, PhD. University of Adelaide
and Royal Adelaide Hospital, Adelaide, Australia, University
of Adelaide, Adelaide, Australia, Centre for Heart Rhythm
Disorders, University of Adelaide and Royal Adelaide Hospital,
Adelaide, Australia, Royal Adelaide Hospital, Adelaide, Australia
Background: There is considerable male dominance in studies
assessing outcomes from ablation of atrial fibrillation (AF).
Several studies have highlighted potential for gender differences
in AF outcomes.
Objective: To evaluate the role of gender on outcomes in a
single centre cohort of patients undergoing first ablation.
Methods: We assessed 12mth outcomes in 275 consecutive
patients, 179 male; 96 female undergoing first ablation. The
primary outcome was single procedure success in the absence
of anti-arrhythmic drugs (AAD). AF freedom was defined as
the absence of any AF/atrial tachycardia >30s following a 3mth
blanking period. Recurrence was assessed by clinical review at
3, 6 and 12 mths post-procedure by 7-day Holter monitoring, 12lead ECG, pacemaker interrogation or patient symptoms.
Results: Females had significantly less persistent AF (26% vs
48%, p<0.001). Over a median follow up of 365 days (range:
90-365), single procedure off AAD success was 53.1% for
males and 43.8% for females (p=0.09). After adjustment for
age, AF type, BMI, LA size, and comorbidities (hypertension,
sleep apnea and diabetes), female gender had higher single
procedure recurrence (HR 1.58, CI: 1.04-2.40, p=0.03). For total
AF freedom, with multiple procedures and/or AADs, gender did
not reach significance as a multivariate predictor of AF freedom
at 1-yr follow-up (OR 1.85, CI: 0.98-3.50, p=0.06).
Conclusion: Despite less persistent AF and comorbidity, the
efficacy of ablation over 1-yr follow up is lower in females.
Further studies should address why females have poorer
outcomes following ablation despite fewer comorbidities.
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C-AB20-03
PACEMAKERS AND DEFIBRILLATORS IN PUBLIC POOLS:
PREVALENCE OF ELECTROMAGNETIC INTERFERENCE
Benjamin W. Strag, PA. Carolina Regional Heart Center, High
Point, NC

Background: Electromagnetic interference (EMI) is still a
challenge for Cardiac Electronic Implantable Devices (CEID).
There are numerous case reports of shocks and abnormal
device behavior due to EMI in swimming pools. This study aims
to provide a first-look at the prevalence of electrical noise that
can be detected by defibrillators in pools and hot tubs.
Methods: 80 public, resort and community pools were randomly
selected for testing. This was a cross-sectional sampling of pools
within a 9 mi.2 area of a popular tourist destination in the U.S.
A St Jude Unify 3231 BiV ICD with bipolar leads was isolated
at the end of an inert rod to measure EMI. System integrity
was confirmed in control solutions. The ICD-Lead system was
submerged 30 cm deep, 30 cm from the pool wall for 30 sec.
The system was submerged at one test site in smaller pools
(<100 m2). For larger pools, three sites were tested. Time of
exposure was recorded and matched to the time-stamps created
by the ICD recording events. The ICD was programmed to utilize
St Jude Medical’s Autosensing algorithm, the out-of-the-box
setting.
Results: EMI was recorded by the ICD-Lead system in 16
(20.0%) of 80 pools tested across 21 different properties. The
16 pools with EMI were isolated to 4 (19.1%) of 21 different
properties. Recording of EMI in smaller pools versus larger pools
was explored: 8 (28.57%) of 28 smaller pools versus 8 (15.38%)
of 52 larger pools, though this was not found to be statistically
significant using Fisher’s exact test, p-value=0.1467. Recorded
signal amplitudes of the EMI ranged from 0.36 mV to 12.21 mV.
The longest episode of ventricular pacing inhibition was 5.5
seconds (programmed DDD at 60 ppm). There were no events
to meet criteria for ventricular tachyarrhythmias (defined as 12
beats at 187 bpm).
Conclusion: The phantom ICD recorded EMI in 20.0% of the
pools tested at 4 (19.1%) of 21 different properties. Despite
the noise-filtering algorithms employed by today’s CEIDs, EMI
remains a serious problem that can result in inappropriate
shocks and failure to pace. Such behavior, especially if due
to electrical current leak in swimming pools, can have grave
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consequences. Patients should be educated appropriately of
the risk and more data should be gathered to better guide public
health policy.

C-AB20-04
SINUS NODE DYSFUNCTION IN PAROXYSMAL ATRIAL
FIBRILLATION: TO PACE OR NOT TO PACE

Sarah Worsnick, PA and Pugazhendhi Vijayaraman, MD, FHRS.
Geisinger Heart Institute, Wilkes Barre, PA, Geisinger Heart
Institute, Wilkes-Barre, PA
Background: Atrial fibrillation (AF) is often associated with
sinus node dysfunction (SND). Antiarrhythmic therapy in AF
can be limited by SND unless protected by a pacemaker (PM).
Pulmonary vein isolation is the cornerstone of atrial fibrillation
ablation. Elimination of AF and / or vagal modulation during
cryoballoon ablation (CA) can improve sinus node function.
The aim of the study is to assess if CA can improve sinus node
function and avoid the need for PM.
Methods: Patients with symptomatic paroxysmal (p) AF and
sinus bradycardia <50 bpm and / or sinus pauses >3 seconds
were included in the study. CA was offered as a first line therapy
for AF prior to maintenance antiarrhythic therapy (AARx). Heart
rates (HR) at baseline and 1 day, 2 months, and 1 yr post CA
were followed. Sinus node recovery times were measured at
baseline and following CA. AF ablation success, episodes of
sinus pauses/severe bradycardia and long term need for pacing
was assessed.
Results: Fifteen pts (age 60±13, male 12, LVEF 56±7%, LA size
42±5 mm, HTN 11, CAD 2, DM 3, OSA 2) with pAF and SND
(sinus bradycardia <50 bpm in 10, sinus pauses 8) underwent
CA as first line therapy prior to AARx. HR at baseline was 50±7
and increased to 70±11, 64±9, and 68±10 at 1 day, 2 months
and 1 yr post ablation (p<0.001). Sinus node recovery times
improved from 1745±105 ms at baseline to 1130±84 post CA
(p<0.001). Changes in sinus rates occurred mostly following
right superior PV ablation. After a mean f/u of 17±14 months,
and 1.2±0.4 procedures, 13 pts (87%) were AF-free without
AARx. In one pt (42 yrs) with PM pre-procedure, atrial pacing
decreased from 60% to <1%, underwent pacer removal. One
pt with recurrent AF (refused repeat ablation) underwent PM
implantation due to symptomatic sinus pauses. During f/u
monitoring, no other patient developed sinus pauses or severe
bradycardia.
Conclusion: CA as first-line of therapy was successful in 87%
pts with pAF and symptomatic SND eliminating the need for
medium-term AARx or PM. CA improves sinus node function and
increases resting HR post ablation.

C-AB20-05
EVALUATING THE UTILITY OF MHEALTH ECG HEART
MONITORING FOR THE DETECTION AND MANAGEMENT
OF ATRIAL FIBRILLATION AND FLUTTER IN CLINICAL
PRACTICE

Kathleen Hickey, RN, PhD, Robert R. Sciacca, Eng., Angelo B.
Biviano, MD, MPH, Daniel Y. Wang, MD, MSc, Hasan Garan,
MD, Teresa C. Riga, BS, Kate N. Warren, BA, Ashton P. Frulla,
RN, BSN, Nicole R. Hauser, BS and William Whang, MD.
Columbia University, New York, NY, New York Presbyterian
Hospital and Columbia Univ Medical Center, New York, NY,
Columbia University Medical Center, Cardiology, New York,
NY, Columbia University Medical Center, New York, NY, Mount
Sinai, New York, NY
Background: Evolving technologies have focused on the
integration of ECG mobile health (mHealth) technology with

self-management approaches to improve the detection and
management of atrial fibrillation and flutter in clinical practice.
Objective: The objective of this study was to investigate the
differences between mHealth and usual care among patients
with a known history of atrial fibrillation (AF) and/or atrial flutter
(AFL).
Methods: A pilot cohort from within the larger ongoing NIH
randomized trial, iPhone Helping Evaluate Atrial Fibrillation
Rhythm through Technology (iHEART) was evaluated to
determine differences in AF/AFL recurrence rates (after
undergoing treatment to restore normal rhythm) over a 6-month
follow-up period. We examined differences between 23 patients
utilizing daily smartphone ECG monitoring with the AliveCor™
heart monitor and 23 age and gender matched control patients
(no AliveCor™ monitor). SF-36v2 QoL assessments were also
captured at baseline and 6 months in 13 of the patients utilizing
the AliveCor™ monitor. The difference between groups in
reccurrence rates was assessed using Cox proportional hazard
models.
Results: Among the patients with smartphone ECG monitors
(16 males and 7 females, mean age 55 + 10), 14 (61%) had
recurrent AF/AFL documented by the AliveCor™ monitor
(minimum 30 second ECG recording) versus 30% of controls.
During the 6 month follow-up period, patients given AliveCor™
smartphone ECG monitors were more than twice as likely to
have an episode of recurrent AF/AFL detected (hazard ratio:
2.55; 95% CI: 1.06 - 6.11; p = 0.04). Significant improvements
were observed in the QoL assessments of the AliveCor™
patients: physical functioning (p = 0.009), role physical (p =
0.007), vitality (p = 0.03), and mental health domains (p = 0.02).
Conclusion: Cardiac mHealth self-monitoring is a feasible and
effective mechanism for enhancing the detection of AF/AFL and
improves patient’s self-reported quality of life.

ABSTRACT C-AB21:
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C-AB21-01
SCN5A COMPOUND MUTATION RESCUES LETHAL LONG
QT SYNDROME AND CREATES NOVEL CONDUCTION
DISEASE: IMPLICATIONS FOR NA+ CHANNEL BLOCKING
PHARMACOTHERAPY
Vijay S. Chauhan, MD, Jie Liu, PhD, Jason Bayer, PhD,
Roozbeh Aschar-Sobbi, PhD, Marianne Waucop, PhD,
Danna A. Spears, MD, Michael H. Gollob, MD, Edward J.
Vigmond, PhD, Robert Tsushima, PhD and Peter H. Backx,
PhD. University Health Network, Toronto, ON, Canada, York
University, Toronto, ON, Canada, LIRYC Institute, Bordeaux,
France

Background: Compound SCN5A mutations can have
unpredictable effects on Na+ channel function and response
to treatment. An asymptomatic male was found to carry the
compound SCN5A mutations, P1332L+A647D, and presented
with mild QTc prolongation, atypical ST elevation, and beat-tobeat variations in P wave morphology/QRS aberrancy. P1332L
has previously been linked to a malignant LQT3 phenotype with
known sensitivity to mexiletine, while A647D has been identified
as an atypical mutation causing Brugada syndrome.
Objective: Our aim was to characterize the biophysical
properties of the compound SCN5A mutation, P1332L+A647D,
in order to understand our proband’s novel phenotype and to
guide drug therapy.
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Methods and Results: Our proband’s QTc interval did not
shorten with mexiletine therapy. Heterologous expression
studies were performed in CHO-K1 cells. Compared to
WT, P1332L channels displayed a hyperpolarizing shift in
inactivation, slower inactivation and prominent late Na+ currents
(INa). While A647D had no effect on the biophysical properties
of INa, it reduced peak and late INa density when co-expressed
with either WT or P1332L. Additionally, while P1332L channels
had greater sensitivity to block by mexiletine compared to WT,
this heightened sensitivity was reduced in the presence of
A647D. Computer simulations of a human ventricular myocyte
mathematical model incorporating the experimental Na+ channel
properties revealed that with P1332L+A647D channels, action
potential durations were shortened compared to P1332L, while
the peak INa was reduced compared to either A647D+WT or WT
alone.
Conclusion: Our results show that, while the A647D mutation
can rescue the lethal LQT3 phenotype seen with P1332L Na+
channels, it also reduces mexilitine sensitivity and decreases
INa density. These observations explain our proband’s mild
repolarization abnormality and prominent conduction defects in
both atria and ventricles. The complex interactions arising from
the compound SCN5A mutation, P1332L+A647D, produce a
novel disease phenotype for which mexiletine pharmacotherapy
is no longer suitable.

C-AB21-02
A NOVEL GENE LINKED TO BRUGADA SYNDROME: BETA2-SYNTROPHIN MUTATION REDUCES NA+ CURRENT
IN PATIENT-DERIVED HUMAN CARDIOMYOCYTES AND
MODIFIES FUNCTIONAL INTERACTION WITH SCN5A

Constanze Schmidt, MD, Felix Wiedmann, MD, Ibrahim ElBattrawy, MD, Markus Fritz, MD, Antonius Ratte, No Degree,
Siegfried Lang, PhD, Boris Rudic, MD, Matthias Karck,
MD, Martin M. Borggrefe, MD, PhD, Hugo Katus, MD, PhD,
Xiao-Bo Zhou, MD and Dierk Thomas, MD. Department of
Cardiology, University of Heidelberg, Heidelberg, Germany,
First Department of Medicine, University Medical Center
Mannheim, Mannheim, Germany, Department of Cardiac
Surgery, University of Heidelberg, Heidelberg, Germany,
Universitätsmedizin Mannheim, Mannheim, Germany, University
of Heidelberg, Mannheim, Germany, Heidelberg University,
Heidelberg, Germany

Background: Brugada syndrome (BrS) is a heterogeneous
cardiac channelopathy. Mutations in the cardiac sodium channel
gene SCN5A and reduced Na+ current (INa) account for electrical
dysfunction in a significant number of BrS patients. However,
in the majority of cases the underlying genetic defects and
pathophysiology still remain to be elucidated.
Objective: This study was designed to investigate the
mechanistic basis of BrS related to a novel gene in vitro and in
cardiomyocytes obtained from an affected patient.
Methods: The genetic basis of BrS was studied by whole
genome sequencing. SCN5A currents were characterized
in isolated cardiomyocytes obtained from the index patient.
Underlying pathophysiological mechanisms were assessed in
HEK293 cells and in Xenopus laevis oocytes.
Results: We identified a novel mutation in the PDZ domain
of beta-2-syntrophin associated with reduced INa in
cardiomyocytes of a BrS patient compared to control subjects. At
the mechanistic level, direct interaction between the PDZ domain
of beta-2-syntrophin with the SCN5A C-terminus was functionally
altered when mutated beta-2-syntrophin was co-expressed with
SCN5A in vitro. Mutant beta-2-syntrophin induced a negative
shift of SCN5A activation kinetics and reduced the INa magnitude
compared with wild type beta-2-syntrophin. Target gene
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sequencing in an independent cohort of 120 BrS patients did
not yield additional mutation carriers, indicating low frequency of
beta-2-syntrophin mutations.
Conclusion: Beta-2-syntrophin represents a novel gene
linked to BrS. For the first time the electrical defect underlying
BrS is functionally characterized in patient-derived native
cardiomyoctes. Mutation of beta-2-syntrophin reduced the
cardiac sodium current, mediated through defective functional
SCN5A - beta-2-syntrophin interaction.

C-AB21-03
A DELETION MUTATION IN NAV1.5 IMPAIRS CALMODULIN
INTERACTIONS AND CURRENT PROPERTIES IN A
COMPOUND HETEROZYGOTE PATIENT WITH SEVERE
CONDUCTION DISEASE

Eyal Nof, MD, Leonid Vysochek, PhD, Elena Burashnikov, BSc,
Charles Antzelevitch, PhD, FHRS, David M. Luria, MD, Michael
Glikson, MD and Shimrit Oz, PhD. Sheba Medical Center,
Ramat Gan, Israel, Lankenau Institute for Medical Research,
Wynnewood, PA, Haddasa Medical Center - Heart Institute,
Jerusalem, Israel

Background: The role of Calmodulin (CaM) and the auxiliary
NaVβ in the regulation of NaV1.5 is not fully understood. A
proband with severe cardiac conduction disorder, exhibited
compound heterozygosity mutations found in two putative CaM
SCN5A binding domains, K1493del in DIII-IV linker and A1924T
in the C-terminus of NaV1.5.
Objective: To present the clinical phenotype of the compound
heterozygous proband, and to study the functional and
biochemical properties of the identified NaV1.5 mutations.
Methods: Properties of WT and mutated NaV1.5 currents were
studied in HEK293 cells using whole-cell patch clamp technique.
In order to assess the channel protein level, cell surface and
total expression were quantified using biotinylation and western
blot analysis. NaV1.5 interactions with CaM were tested in a pulldown assay using CaM -sepharose beads.
Results: Expression of NaV1.5-K1493del, without an auxiliary
NaVβ subunit, led to channel’s loss-of function (-9.3 ± 1.5 pA/
pF n=7 vs. WT -284.8 ± 32.5 pA/pF n=21; p<0.001). In addition,
a reduction in total channel expression to 33 ± 8% (n=10)
compared to NaV1.5-WT protein levels, was observed, with no
change in the trafficking. Co-expression of the NaVβ1 subunit
increased K1493del INa (-283.4 ± 31.1 pA/pF n=22) and total
protein levels. In the presence of Ca2+, CaM interaction with
K1493del was 4-5-fold smaller than with NaV1.5-WT and A1924T.
In low Ca2+ conditions, a leftward shift in activation curve was
observed in K1493del (V1/2 -41.9 ± 1.2 mV n=16 vs. WT -36.2 ±
1.3 mV n=8; p=0.008) while no change in activation properties
was measured in high Ca2+ conditions (V1/2 -38.4 ± 1 mV n=14
vs. WT -38.2 ± 1 mV n=23). Steady-state inactivation curve show
a typical leftward shift in low vs. high Ca2+ conditions for both WT
and K1493del.
Conclusion: Current and protein levels of Nav1.5 K1943
del were rescued by co-expression with the NaVβ1 subunit .
K1493del impairs channel biogenesis and CaM interaction
leading to NaV1.5 channel dysfunction. Thus, suggesting a
complex interaction domain including CaM, C-terminal and DIIIIV linker of NaV1.5. These findings provide new insight in our
understanding of the role of CaM and NaVβ in NaV1.5 physiology
in health and disease such as in our patient.
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C-AB21-04
DISTINCT SPATIAL POOLS OF CAMKIIPHOSPHORYLATED NAV1.5 AT S571 CONTRIBUTE TO
SLOW AND HETEROGENEOUS CONDUCTION IN CANINE
HEART FAILURE LEFT ATRIUM - A NOVEL MECHANISM
UNDERLYING ATRIAL FIBRILLATION SUBSTRATE IN
HEART FAILURE

Shin Yoo, PhD, Georg Gussak, BA, Jason Ng, PhD, Gary
L. Aistrup, PhD, Amar Trivedi, MD, David Gordon, MD, PhD,
Suzanne Browne, MS, Rod S. Passman, MD, Jeffrey J.
Goldberger, MD, FHRS, John A. Wasserstrom, PhD, Bradley
P. Knight, MD, FHRS and Rishi Arora, MD. Northwestern
University, Chicago, IL, Northwestern Univ, Chicago, IL,
Northwestern Univ, Feinberg School Of Medicine, Chicago, IL,
Northwestern Memorial Hospital, Dept of Cardiology, Chicago,
IL, Northwestern Memorial Hospital, Chicago, IL

Background: Although heart failure (HF) is a major contributor
to atrial fibrillation (AF), the molecular mechanisms by which
HF leads to AF are not well understood. Recent studies have
implicated Type2 Ca2+/Calmodulin dependent protein kinase
(CaMKII) in the creation of AF substrate. Since CaMKII is
known to phosphorylate Nav1.5 (at S571) and to associate with
binding proteins that traffic Nav1.5 to the intercalated disc (ID),
we hypothesized that HF leads to a CaMKII-induced disruption
of Nav1.5 distribution between the ID and the lateral membrane
(LM), thereby leading to slow and inhomogeneous conduction in
the HF atrium.
Methods: HF was induced in dogs by ventricular tachypacing at
240 bpm for 3 weeks. In both HF (n = 8) and control animals (n =
4), Conduction Inhomogeneity (CI) was assessed in the posterior
left atrium (PLA) by high density mapping. Expression and
spatial distribution of Nav1.5 and CaMKII-p-Nav1.5@S571 was
assessed by western blot and immunohistochemistry.
Results: Expression of CaMKII-p-Nav1.5 relative to total-Nav1.5
is increased in HF (Fig. 1). As expected, Nav1.5 was located at
both ID and LM. Surprisingly, p-Nav1.5 was completely absent at
the LM and only localized at the ID in both control and HF PLA
(Figs. 2 and 3). Furthermore, there was evidence of dropout
of p-Nav1.5 at some ID in HF PLA (causing decrease in colocalization with cadherin) (Fig. 3). The increase in p-Nav1.5
expression in HF was accompanied by an increase in CI.
Conclusion: CaMKII-p-Nav1.5 is uniquely absent at the LM, and
shows dropout from even the ID in HF. The increase in CaMKIIp-Nav1.5 in the HF PLA is therefore a possible novel mechanism
underlying slow and inhomogeneous conduction in the HF
atrium.

C-AB21-05
USING PROTEIN STRUCTURE TO PREDICT SCN5A
VARIANT SUBCLINICAL PHENOTYPES

Brett Kroncke, PhD, Andrew Glazer, PhD, Jens Meiler, PhD
and Dan M. Roden, MD, FHRS. Vanderbilt University Medical
Center, Nashville, TN, Vanderbilt University, Nashville, TN,
Vanderbilt University School of Medicine, Nashville, TN
Background: Rare variants in the cardiac sodium channel
SCN5A (Nav1.5) are implicated in diverse heart diseases,
but are also common in healthy populations. Pathogenicity
predictors for novel SCN5A variants are currently unreliable
and ignore the underlying subclinical phenotype(s) which may
be most informative for therapy. Improving prediction reliability
would enable the consistent use of such methods in clinical
diagnosis.
Objective: To assess (1) the ability of Nav1.5 EP functional
data to predict LQT3 and BrS1 and (2) the extent to which
incorporating Nav1.5 structure informs clinical and subclinical
phenotypes.
Methods: We parsed EP parameters from the literature for over
250 functionally characterized SCN5A variants into BrS1, LQT3,
and control populations to assess the segregation of maximum
sodium current density, half-maximal voltages, and late current.
We then leveraged a structural model of Nav1.5 to find regions
in space disproportionately enriched with functional and clinical
phenotypes.
Results: We built a homology model of Nav1.5 using Cav1.1
structure as a template. We identified enrichment of BrS1- and
LQT3-associated variants (and the corresponding subclinical
phenotypes, peak and late current) in distinct regions near the
extracellular and intracellular face of Nav1.5, respectively.
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Conclusion: We show how variant position within the Nav1.5
protein structure can inform EP and disease phenotypes. These
data support development of approaches that incorporate
structural data in predictive models of EP and clinical
phenotypes.
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during ischemia by enhancing NaCh function. MH did not
significantly effect NaCh localization at the ICD compared to C.
Conclusion: Mild hypothermia enhances NaCh channel
function at baseline and during ischemia, without altering
NaCh localization. These data suggest that MH may reduce
arrhythmogenesis during ischemia through multiple mechanisms
and may represent a potential antiarrhythmic strategy during
ischemia and resuscitation.
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C-AB22-01
C-AB21-06
MILD HYPOTHERMIA PROMOTES MYOCARDIAL
CONDUCTION DURING ISCHEMIA BY ENHANCING
SODIUM CHANNEL FUNCTION

Zack Dale, BA, Michelle M. Nassal, PhD, Xiaoping Wan,
MD, PhD, Michael C. O’Neil, MD, Isabelle Deschenes, PhD,
Lance D. Wilson, MD and Joseph S. Piktel, MD. Case Western
Reserve University, Cleveland, OH, Case Western Reserve
Univ, Cleveland, OH, MetroHealth Campus, Case Western
Reserve Universit, Cleveland, OH, Metrohealth Medical Center,
Cleveland, OH, MetroHealth Medical Center, Cleveland, OH
Background: Acute cardiac ischemia induces arrhythmogenic
conduction velocity (CV) slowing and block. Previously, we found
in a canine model of global ischemia that mild hypothermia
(MH, 32°C) attenuates ischemia-induced CV slowing, reducing
arrhythmia susceptibility. Although we determined that in part this
is due to preservation of gap junction coupling, CV is similarly
dependent upon cellular excitability via sodium channels (NaCh).
Objective: We aimed to determine the effect of MH on ischemiainduced alteration in cardiac NaChs. Based on preliminarily
observations that MH may maintain cellular excitability and that
NaCh function is temperature dependent, we hypothesized that
MH prevented ischemia-induced CV slowing by preserving NaCh
excitability.
Methods: NaCh current was measured in isolated canine
myocytes at 32°C and 36°C. Canine left ventricle wedge
preparations at control (C, 36°C) or MH (n=6) were subjected
to 30 minutes of no-flow ischemia. Resting membrane potential
(RMP) and maximal velocity of phase 0 of the action potential
(dV/dt max), an index of NaCh function, was measured during
ischemia using microelectrodes. In additional studies, NaCh
localization was assessed by confocal IF, at baseline (C=3 and
MH=4) and ischemia (C=3 and MH=3).
Results: Consistent with our data during shorter duration
ischemia, MH preserved CV (by 22%, p=.01) preventing
conduction block (2/6 vs. 6/6, p<.02) over 30 min of ischemia.
At baseline, NaCh current was increased with MH (-9.8 pA/pF
for C vs -17.3 pA/pF for MH, p<.01) in canine myocytes. MH
attenuated ischemia-induced decrease in dV/dt max during
ischemia (decrease of 80% in C vs decrease of 50% in MH,
p<.01 during ischemia). As consistent with previous studies, no
change in RMP was seen, suggesting MH preserved conduction

ELECTROTONIC INTERACTIONS BETWEEN
VENTRICULAR MYOCYTES AND INJECTED HUMAN
INDUCED PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES (HIPSC-CM) INCREASE CARDIAC
ECTOPY: INSIGHTS FROM A 3D HUMAN COMPUTATIONAL
MODEL
Joseph K. Yu, BSc, William H. Franceschi, No Degree, Patrick
M. Boyle, PhD and Natalia A. Trayanova, PhD, FHRS. Johns
Hopkins University, Baltimore, MD, Johns Hopkins University,
Baltimore, MD, Canada

Background: Intramyocardial injection of hiPSC-CM is a
promising method for remuscularization of the ventricles post
myocardial infarction. However, hiPSC-CM injection has been
shown to lead to sustained ventricular tachycardia (VT). The
mechanisms of arrhythmia formation remain unclear, specifically
how ectopic beats (EBs) that trigger VT can arise from the
coupling of hiPSC-CM to native myocytes.
Objective: We examined the effects of junctional conductance
and number of coupled hiPSC-CM on the ventricular myocyte AP
and its subsequent effect on formation of EBs, a potential trigger
for VT.
Methods: At the cell scale, we varied junctional conductance (g
= 0.025, 0.05, 0.1, 0.5, 1, 2 nS) and number of coupled hiPSCCM (n = 1, 2, 4, 10, 20) (Fig A). At the organ scale, we simulated
hiPSC-CM delivery to the LV apex (region size, r = 16 mm) in
a biophysically detailed, MRI-based human model of post-MI
ventricles (Fig B). We analyzed which conditions induced cell
scale ventricular myocyte automaticity and organ scale EB
generation.
Results: At the cell scale, ventricular myocyte automaticity was
observed when the number of coupled hiPSC-CM was as low as
n = 4 (g = 1.0 nS) (Fig C). Automaticity was also observed for n
≥ 10 and g ≥ 0.50 nS. At the organ scale, the region of coupled
hiPSC-CM triggered EBs in the ventricles only when n ≥ 10 and
g ≥ 0.50 nS (Fig D). Differences in cell and organ scale results
(i.e., when n = 4 and g = 1.0 nS), indicate the importance of
source-sink effects at different levels of scale.
Conclusion: Increased ventricular myocyte-hiPSC-CM coupling
increases the likelihood of EBs, supporting experimental
observations of sustained VT in the days following hiPSC-CM
injection.
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Conclusion: Cardiac ANS stimulations demonstrated triggered
activity, automaticity, and micro-reentries at the LA-PV junction,
and co-localized GP and CFAE areas in the 3D in silico GP
model of the LA.

C-AB22-03
IMAGE-BASED MODELS OF WHOLE HUMAN ATRIA
WITH SUBJECT-SPECIFIC GEOMETRY AND FIBER
ORIENTATION REVEAL THE INFLUENCE OF MYOFIBER
ARCHITECTURE ON ANISOTROPIC WAVE PROPAGATION

Farhad Pashakhanloo, PhD, Tiffany Hu, No Degree and Natalia
A. Trayanova, PhD, FHRS. Johns Hopkins University, Baltimore,
MD

C-AB22-02
GANGLIONATED PLEXI STIMULATION INDUCES
PULMONARY VEIN TRIGGERS AND CHANGES ATRIAL
WAVEBREAK OR ROTOR: IN SILICO MODELING STUDY

Minki Hwang, PhD, Byounghyun Lim, PhD, Jun-Seop Song, BS,
Young-Seon Lee, PhD, Boyoung Joung, MD, Eun-Bo Shim, PhD
and Hui-Nam Pak, MD, PHD, FHRS. Yonsei University Health
System, Seoul, Korea, Republic of, Division of Cardiology,
Yonsei University College of Medicine, Seoul, Korea, Republic
of, Kangwon National University, Chuncheon, Korea, Republic
of
Background: The role of the autonomic nervous system (ANS)
on atrial fibrillation (AF) is difficult to demonstrate in the intact
human left atrium (LA).
Objective: We tested the effects of the ANS on the initiation and
maintenance of AF by generating a ganglionated plexi (GPs)
integrated in silico realistic human LA model.
Methods: We incorporated the morphology of the GP and
parasympathetic nerves on a three-dimensional (3D) realistic LA
model of Courtemanche et al. GPs were stimulated by increasing
IK[ACh], and sympathetic nerve stimulation was conducted through
a homogeneous increase of ICa-L. ANS-induced wave-dynamics
changes were evaluated in the models integrating 10 patients’
LA geometries.
Results: 1. A late phase 3 early afterdepolarization-like activity
was exhibited under 0.05μM acetylcholine (ACh) stimulation
in a 2D model of pulmonary vein (PV) cells. 2. PV tachycardia
was induced and degenerated to AF by GP (0.05μM ACh) and
sympathetic nerve stimulations (7.0xICa-L), and LA-PV microreentries were observed near the GP area in the 3D realistic LA
model at AF maintenance conditions. 3. GP stimulation reduced
the complex fractionated atrial electrogram (CFAE)-cycle length
(CL, 140±20ms vs. 119±17ms, p<0.01) and the life span of
phase singularities (66±100ms vs. 60±88ms, p<0.01), and
increased the overlapping of the GP and CFAE areas (CFAECL≤120ms, 9.8% vs. 60.0%, p<0.01). 4. Virtual circumferential
PV isolation including GP terminated AF, but GP-only ablation
did not.

Background: Atrial myofiber architecture plays an important role
on wave propagation and arrhythmogenicity. However, the exact
contribution of atrial complex structure to electrical function is not
completely understood, due to lack of detailed subject specific
fiber information in human hearts.
Objective: For the first time, we employ diffusion tensor imaging
(DTI) data to create personalized atrial models to systematically
investigate the effect of fiber architecture on the electrical
activation in a population of human hearts.
Methods: In 4 human hearts, ex vivo DTI was performed to
obtain information on atrial geometry and fiber orientation.
Image-based models were constructed and atrial pacing
from sinus-node (BCL=500ms) was simulated in two cases
of anisotropic and isotropic conduction. Conductivities were
adjusted to achieve an anisotropic conduction velocity
(CV) of 116 cm/s along and 64 cm/s transverse to fibers,
and an isotropic CV of 84 cm/s (equivalent to a tissue with
heterogeneous fibers).
Results: The difference in the activation patterns between
the two cases were prominent in regions with dominant fiber
orientation such as Bachmann’s bundle and the roof of left
atrium (Fig 1A,B). The last activation in the atria was consistently
shorter in the anisotropic case in all the hearts, implying overall
faster activation of atria relative to isotropic model (Fig 1C). CV
distribution had greater dispersion in the anisotropic case (Fig
1D).
Conclusion: Novel computer models demonstrate the effect of
fiber structure on the conduction heterogeneities in the whole
atria. These findings pave the way for a better understanding of
the structural basis of atrial arrhythmias.
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C-AB22-04

C-AB22-05

CALIBRATING CONDUCTION VELOCITY IMPROVES
FIBROSIS MODELING FOR PREDICTING PATIENTSPECIFIC PHASE SINGULARITY LOCATIONS

PERSONALIZED MEDICINE THROUGH INTEGRATION
OF NONINVASIVE IMAGING OF REPOLARIZATION AND
CELLULAR MODELING IN PRIMARY VENTRICULAR
FIBRILLATION

Caroline H. Roney, PhD, Jason D. Bayer, PhD, Marianna Meo,
PhD, Michel Haissaguerre, PhD, Remi Dubois, PhD and Edward
J. Vigmond, PhD. IHU Liryc, Electrophysiology and Heart
Modeling Institute, Bordeaux, France, Hopital Cardiologique
Haut Leveque - Université Bordeaux, Pessac, France, Hopital
Cardiologique Haut Leveque - Université Bordeaux, Bordeaux,
France, University Bordeaux, Pessac, France
Background: Cardiac conduction velocity (CV) incorporates
structural and functional properties important for maintenance
of atrial fibrillation (AF). Delayed-enhancement MRI (DE-MRI) is
used to tune fibrosis in patient-specific models, but is challenging
to interpret.
Objective: To investigate whether tuning model CV improves
prediction of arrhythmia behavior compared to using DE-MRI.
Methods: CV was calculated from CardioInsight ECGi data
for 3 patients during AF, using a novel algorithm. Bilayer atrial
computer models were constructed with fibrosis modelled as
1) tissue conductivity changes, 2) non-conducting barriers
i.e. interstitial fibrosis, and 3) probabilistic percolation i.e.
replacement fibrosis. These properties were tuned spatially to
local CV. We calculated and compared phase singularity (PS)
density maps, cycle lengths (CLs) and number of rotors to ECGi
data, and to results using DE-MRI alone.
Results: AF CV was spatially heterogeneous (mean: 0.9
± 0.1, range: 0.5 - 1.2 m/s). PS density maps for interstitial
fibrosis models were closest to ECGi. Agreement of model
to clinical PS density was higher when tissue conductivity
changes were included (51.4% improvement in detection). All
model CLs agreed with clinical CLs (model mean: 189.8 ms;
clinical mean: 191.5 ms). Average number of PSs varied across
methodologies, with tissue conductivity models closest to clinical
(model 2.9 ± 1.3, clinical 2.2 ± 1.7).
Conclusion: AF CV can be used to calibrate patient-specific
models to predict arrhythmia dynamics. Incorporating interstitial
fibrosis shows the best agreement with clinical PS density,
indicating the importance of anisotropy.

Matthijs J. Cluitmans, MD, PhD, Jordi Heijman, PhD and Paul G
A. Volders, MD, PhD. CARIM, Maastricht, Netherlands
Background: Dispersion of repolarization is a well-known
substrate for arrhythmias, but might not be detectable from the
12-lead ECG.
Objective: To validate noninvasive single-beat
electrocardiographic imaging (ECGI) of repolarization in animals
and to combine ECGI with computational modeling of human
cardiomyocyte action potentials (APs) to provide patient-specific
insights in proarrhythmia, illustrated in a case of primary VF.
Methods: ECGI was validated in 4 dogs with implanted
electrodes and applied in a 47-year old female with primary VF,
carrying the TRPM4 genetic variant Gly844Asp but without overt
cardiovascular disease, to investigate the electrical substrate
and premature ventricular complexes (PVCs). Wild-type or
mutant TRPM4 channels were integrated in different human AP
models.
Results: Reconstructed repolarization isochrones correlated
moderately (R=0.66) with animal recordings and pacing
sites were localized within 1 cm (panel A). The patient had
no repolarization abnormalities on 12-lead ECG during
sinus rhythm, but ECGI (panel B) showed abnormally early
repolarization at the right ventricular outflow tract (RVOT) and
steep repolarization gradients (arrow). Short-coupled PVCs
originated from the RVOT (star). AP simulations identified
enhanced automaticity in Purkinje fibers due to the TRPM4
mutation (panel C). Treatment with quinidine removed
automaticity in simulations and in the patient.
Conclusion: Integration of ECGI and AP simulations helps to
infer patient-specific arrhythmia mechanisms and treatment
options. In this case, PVCs may initiate VF in a latent substrate
of short and dispersed repolarization (panel D).
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C-AB22-06
ECTOPIC ACTIVITY FROM OPTOGENETICALLY-DEFINED
OXIDATIVE STRESS ZONE CHALLENGES TRADITIONAL
SINK-SOURCE MISMATCH PARADIGM
Alexander Teplenin, MSc, Antoine A.F. de Vries, PhD, Daniël
Antonie. Pijnappels, PhD and Alexander V. Panfilov, PhD.
Leiden University Medical Center, Leiden, Netherlands,
Department of Physics and Astronomy, Gent, Belgium
Background: Ectopic arrhythmia is a common type of
arrhythmia and often predestinates occurrence of reentrant
activity. Such ectopic beats are often caused by triggered
activity. Hypothetically, this triggered activity can arise from areas
of local tissue damage. In previous studies we used optogenetic
induction of oxidative stress (OS) to produce such triggered
activity. There local OS caused occurrence of zones of ultra-long
action potentials (AP) (1.5-20s long) and associated ectopic
beats.
Objective: To investigate the relationship between the shape of
OS induced ultra-long AP zone and initiation points of ectopic
beats in vitro and in silico.
Methods: We performed optical mapping on monolayers of
neonatal rat ventricular myocytes. The optogenetic tool miniSOG
(mini singlet oxygen generator) was expressing upon delivery.
Local OS production and subsequent appearance of ultra-long
AP zone was achieved by 470 nm 0.3 mW/mm2 light projection
using a patterned illuminator for 3-6 minutes. We performed
numerical simulation using low dimensional model of cardiac
cells.
Results: In line with previous results, ectopic beats were
initiated from ultra-long AP/healthy tissue interface. Surprisingly,
we found that emission points of ectopic beats coincide with
areas of highest curvature on ultra-long AP pattern. Since ultralong APs could be interpreted as quasi-stable depolarized state
of the cell, this result contradicts to the conventional sink-source
mismatch theory. However, we reproduced these effects in
silico using generic models. In addition, from simulations we
found that ectopic beats can originate purely due to electrotonic
coupling between ultra-long AP zone and healthy tissue
without automaticity on single cell level, like early or delayed
afterdepolarizations.
Conclusion: We found a condition of sink-source mismatch
violation for ectopic beats induced by optogenetic production of
localized OS in cardiac tissue. We showed the effect both in vitro
and in silico. Due to the generic nature of the numerical model,
we expect this effect to be found also in other pathological
conditions of cardiac tissue.
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C-AB23-01
WHOLE EXOME SEQUENCING IN SUDDEN INFANT DEATH
SYNDROME: THE YIELD AND SIGNIFICANCE OF NOVEL
AND CARDIAC GENETIC VARIATION
David Tester, BS, Leonie Wong, MBChB, Pritha Chanana, MS,
Amie Jaye, MSc, David R. FitzPatrick, MD, FRCP, Margaret
Evans, MBChB, Peter Fleming, PhD, FRCP, Iona Jeffrey,
MBChB, Marta Cohen, MD, Michael Simpson, PhD, Elijah R.
Behr, MD, MBBS and Michael J. Ackerman, MD, PhD. Mayo
Clinic, Rochester, MN, St George›s University of London,
London, United Kingdom, King›s College London, London,

United Kingdom, MRC Human Genetics Unit, IGMM, University
of Edinburgh, Edinburgh, United Kingdom, Royal Infirmary
of Edinburgh, Edinburgh, United Kingdom, School of Social
and Community Medicine, University of Bristol, Bristol, United
Kingdom, Sheffield Children›s Hospital, Sheffield, United
Kingdom, St. George›s University of London, London, United
Kingdom
Background: Sudden Infant Death Syndrome (SIDS) is the
leading cause of post-neonatal mortality in the developed world.
The genetics of SIDS is likely multigenic and complex, yet no
studies have attempted to elucidate the underlying genetic basis
in a single SIDS cohort across multiple biological pathways in an
unbiased manner.
Objective: To determine the underlying monogenic basis for
SIDS with both an exome-wide and inherited cardiac condition
(ICC) gene-specific focus.
Methods: A cohort of 419 unrelated SIDS cases (257 males;
average age = 2.7 ± 1.9 months) underwent whole exome
sequencing (WES). Exome-wide rare variant analyses were
carried out with 278 European ancestry SIDS cases and 973
ethnic-matched controls. Ingenuity Pathway Analysis (IPA)
and candidate gene-specific analysis was also performed. The
yield of “clinically actionable” ultra-rare variants (MAF<0.00005)
among 90 ICC-susceptibility genes was assessed.
Results: While no exome-wide significant (p<2.5x10-6)
difference in burden of ultra-rare variants was detected for any
gene, 405 genes had a higher prevalence (p<0.05) of ultrarare non-synonymous variants among cases; seventeen had a
p<0.005 and some may represent biologically plausible novel
candidate genes for the monogenic basis for some of SIDS.
The top canonical pathway identified via IPA was glucocorticoid
biosynthesis (p=0.012). Overall, 310 unique ultra-rare, ICCassociated gene variants were identified in 207/419 (49.4%)
SIDS cases. At least one “clinically actionable” ICC-associated
variant was identified in 59/419 (14.1%) SIDS cases. There was
a significantly higher yield of “clinically actionable” variants in
infants who died at greater than 4 months of age (16/65, 24.6%)
compared to those younger than 4 months of age (43/354,
12.15%, p=0.012).
Conclusion: The lack of significant genetic associations
indicates an extreme heterogeneity of etiologies underlying
SIDS. Our approach to understanding the genetic mechanisms
of SIDS has far reaching implications for the SIDS research
community as a whole and may catalyze new evidence-based
SIDS research across multiple disciplines.

C-AB23-02
CASE-CONTROL RARE VARIANT ASSOCIATION ANALYSIS
OF GENES PREVIOUSLY IMPLICATED IN BRUGADA
SYNDROME IN 525 INDEX CASES
Rafik Tadros, MD, PhD, Doris Skoric-Milosavljevic, MD,
Yanushi D. Wijeyeratne, MRCP, Najim Lahrouchi, MD, Eline A.
Nannenberg, MD, PhD, Solena Le Scouarnec, PhD, Elisabeth
M. Lodder, PhD, Zoya Kingsbury, PhD, Mark T. Ross, PhD,
David R. Bentley, PhD, Hanno L. Tan, MD, PhD, Jan Veldink,
MD, PhD, Ammar Al-Chalabi, MD, PhD, Richard Redon, PhD,
Paul G A. Volders, MD, PhD, Maarten P. Van Den Berg, MD,
PhD, Pier D. Lambiase, MD, PhD, Elijah R. Behr, MD, PhD,
Michael W. Tanck, PhD, Arthur A. Wilde, MD, PhD and Connie
R. Bezzina, PhD. Academic Medical Center, Amsterdam,
Netherlands, St George’s, University of London, London, United
Kingdom, Universite de Nantes, Nantes, France, Amsterdam
Medical Center, Amsterdam, Netherlands, Illumina, Cambridge,
United Kingdom, UMC Utrecht, Utrecht, Netherlands, King’s
College, London, United Kingdom, L’institut du Thorax, Nantes,
France, Academic Hospital Maastricht, Cardiology CV Research
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Institute, Maastricht, Netherlands, UMC Groningen, Groningen,
Netherlands, Heart Hospital, London, United Kingdom, St.
George’s University of London, London, United Kingdom,
University of Amsterdam, Amsterdam, Netherlands
Background: The genetic basis of Brugada syndrome (BrS)
involves contributions of both common and rare genetic variants.
Rare variants in at least 24 genes have been implicated in BrS.
Many of these genes are tested in the diagnostic setting while
evidence for association is limited.
Objective: To assess the association of rare variants in 24
previously reported genes with BrS in a large case-control
cohort.
Methods: Next-generation sequencing was performed in 3
ancestry-matched case-control sets from the Netherlands (269
cases, 287 controls), the United Kingdom (UK; 89 cases, 130
controls) and France (167 cases, 167 controls). The latter set
was previously published (Le Scouarnec et al. Hum Mol Genet
2015) and involved targeted sequencing of arrhythmia genes.
The Dutch and UK samples underwent PCR-free deep wholegenome sequencing on the Illumina HiSeqX platform. Variant
calling was uniform within each case-control set. We conducted
gene-based burden testing of rare coding variants (allele
frequency <1/1000 in ExAC) in each set separately followed by
meta-analysis, as implemented in seqMeta.
Results: Gene-based testing identified SCN5A as the only
gene significantly associated with BrS (P=4.4×10-28). None of
the other genes reached a suggestive association threshold
(P<0.05). The number of rare variants per gene ranged from 0 to
104 (interquartile range: 3-16; 42 in SCN10A, 31 in CACNA1C).
Combining all rare variants in the other 23 genes did not result
in any association signal (P=0.8), despite the inclusion of a total
of 229 rare coding variants. Selecting for ultra-rare variants
(<1/10000) and/or variants with high predicted deleteriousness
(e.g. truncating variants and missense with a CADD score >20)
did not affect the results. Using other set-based statistical tests
(e.g. SKAT or SKAT-O) also only implicated SCN5A with BrS.
Conclusion: Rare coding variants in only SCN5A are
significantly associated with BrS. None of the other previously
implicated genes, including SCN10A and CACNA1C, showed
a signal for association in this study that included 525 BrS
index cases. These results have implications for genetic testing
strategies in BrS.

C-AB23-03
IDENTIFICATION OF GENETIC ETIOLOGY OF MALIGNANT
ARRHYTHMIA IN HYPERTROPHIC CARDIOMYOPATHY

DAO W. WANG, MD, PhD, Zongzhe Li, MD, PhD, Chenze Li,
MD, Yang Sun, MD, Jinchao Xu, MASc, Chen Chen, MD, PhD,
Yan Wang, MD, PhD, Jiangtao Yan, MD, PhD, Arthur A. Wilde,
MD, PhD and Dao Wen Wang, MD, PhD. The First Affiliated
Hospital of Nanjing Medical University, Nanjing, China, Division
of Cardiology, Departments of Internal Medicine and Genetic
Diagnosis Center, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan,
China, University of Amsterdam, Amsterdam, Netherlands
Background: Malignant cardiac arrhythmia, a common
cause of death in patients with hypertrophic cardiomyopathy
(HCM), is usually thought to be a natural outcome of HCM.
The mechanism underlying arrhythmias in HCM is not well
understood, and effective risk stratification in HCM patients is
not well defined. Additional genetic causes potentially may play
a role.
Objective: To study the role of additional genetic causes for
malignant arrhythmias in HCM patients.
Methods: We combined whole exome sequencing (WES)
and massively parallel targeted next-generation sequencing
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(predefined panel) together and screened 315 unrelated
sporadic HCM patients with malignant arrhythmia (HCM-A
group, including 7 HCM pedigrees with arrhythmias) and 332
HCM patients without arrhythmia (HCM-NA group). All identified
causative variants were directly Sanger sequenced to eliminate
false positive results and were screened in 700 unrelated
matched HCM-free healthy controls.
Results: We identified arrhythmia-related pathogenic variants in
6.67% (22/315) HCM-A group including arrhythmias associated
with non-sarcomeric HCM genes, and no arrhythmia-related
pathogenic variants in 332 HCM-NA group (P=4x10-6). In
these arrhythmia-genetic-positive patients, we recognized:
LQTS (10), atrial fibrillation (4), ventricular fibrillation (2);
Wolff-Parkinson-White syndrome (1), atrioventricular block (3),
sick sinus syndrome (1) and catecholaminergic polymorphic
ventricular tachycardia (1). Interestingly, PRKAG2-Arg302Gln
and KCNE2-Arg27Cys are two arrhythmia-hotspot-mutations for
Chinese HCM patients. Furthermore, WES missed 6.45% (2/31)
pathogenic variants compared with targeted sequencing using
predefined panel.
Conclusion: Our study revealed that some malignant arrhythmia
in HCM-A patients have extra HCM-related genetic etiology. In
HCM families with arrhythmias, genetic screening should not be
limited to the sarcomeric mutation causal to HCM.

C-AB23-04
CDH2 MUTATIONS: A NOVEL CAUSE OF
ARRHYTHMOGENIC RIGHT VENTRICULAR
CARDIOMYOPATHY

Lia Crotti, MD, PhD, Maryam Fish, PhD, Gasnat Shaboodien,
PhD, Sarah Kraus, MBChB, Elisa Mastantuono, MD, Thomas
Wieland, PhD, Ashley Chin, MPH, Maria-Christina Kotta, PhD,
Davide Gentilini, PhD, Parati Gianfranco, MD, Tim-Matthias
Strom, MD, Thomas Meitinger, MD, Peter Schwartz, MD and
Bongani Mayosi, DPhil, MD, FHRS. IRCCS Istituto Auxologico
Italiano, Milan, Italy, 1Cardiovascular Genetics Laboratory,
Hatter Institute for Cardiovascular Research in Africa, Cape
Town, South Africa, Helmholtz Zentrum München, Institute of
Human Genetics, Neuherberg, Germany, Munich, Germany
Background: Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is an inherited cardiac disease, characterized by fibrofatty replacement of the right ventricular myocardium, and by
an increased risk of sudden cardiac death. Mutations in genes
encoding desmosomal proteins, which are involved in cell
adhesion, account for up to 60% of cases.
Objective: To study a genotype-negative ARVC family to identify
a new disease-causing gene.
Methods: Whole exome sequencing (WES) was performed on
two cousins affected by ARVC, and negative at the screening
of already known ARVC genes. SureSelect Human All Exon 50
Mb kit was used for library preparation and Illumina HiSeq 2000
for sequencing. Thirteen heterozygous variants that survived
the internal quality and frequency filter were validated through
Sanger sequencing. These variants were also genotyped in all
family members to generate genotype-phenotype co-segregation
data. Subsequently, cadherin 2 (CDH2) gene was screened
through high resolution melt analysis and Sanger sequencing in
an independent cohort of ARVC patients.
Results: We identified a novel mutation in CDH2 (c.686A>C,
p.Gln229Pro) by WES in a three-generation family that cosegregated with the ARVC phenotype in all clinically affected
family members. CDH2 c.686A>C was not found in all public
available exome databases, changed a conserved aminoacid of the cadherin 2 protein, is expressed in the heart and is
supported as a causal mutation by parametric linkage analysis.
CDH2 encodes cadherin 2 (also known as N-cadherin), a protein

S57
which plays a vital role in cell adhesion, making it a biologically
plausible candidate gene for a role in ARVC pathogenesis. To
validate our finding we screened 73 genotype-negative ARVC
probands previously tested for mutations in known ARVC genes,
and found an additional likely pathogenic variant in CDH2
(c.1219G>A, p.Asp407Asn). As a further support of CDH2 as
a new disease-causing gene in ARVC, cdh2-deficient mouse
models indicate that cadherin 2 has a role in intercalated disc
structure stability and arrhythmia susceptibility.
Conclusion: The present data implicate CDH2 mutations as a
novel genetic cause of ARVC.

C-AB23-05
PRO-ARRHYTHMIC FEATURES OF A NOVEL MOUSE
MODEL OF SUDDEN DEATH DUE TO ABNORMAL
BRANCHED CHAIN AMINO ACID (BCAA) METABOLISM

Carol Ann Remme, MD, PhD, Svitlana Podliesna, BSc, Vincent
Portero, PhD, Thomas Nicol, BSc, Simona Casini, PhD, Andrew
Blease, PhD, Paul Potter, PhD and Connie R. Bezzina, PhD.
Academic Medical Center, Amsterdam, Netherlands, MRC
Harwell, Harwell, Oxfordshire, United Kingdom
Background: Phenotype-driven ENU (N-ethyl-N-nitrosourea)
mutagenesis screens in mice may constitute a powerful tool to
uncover new genes and pathways modulating cardiac electrical
function and arrhythmia susceptibility. During such a screen,
we identified a particular line of mutagenized mice (MPC-91)
presenting with sudden death.
Objective: To explore the genetic, metabolic and cardiac
electrophysiological alterations underlying the observed proarrhythmia and sudden death.
Methods: Genetic mapping and whole genome sequencing
was performed, followed by in vivo, ex vivo and cellular
electrophysiological investigations.
Results: Genetic mapping and whole genome sequencing of
the MPC-91 line revealed the presence of a missense mutation
in the Bcat2 gene encoding mitochondrial branched chained
aminotransferase. Homozygous mutant (HOM) mice showed
increased plasma and urine levels of branched chain amino
acids (BCAAs: leucine, isoleucine and valine). All HOM mice
died suddenly between the age of 6-8 weeks, without any
overt preceding symptoms. No cardiac abnormalities were
observed on histological analysis, and heart weight to tibia
length ratios were similar in HOM and wild type (WT) littermates.
Compared to WT, HOM mice showed QTc-prolongation in
vivo on surface ECG analysis and prolonged action potential
duration (APD80) ex vivo in isolated Langendorff-perfused
hearts (assessed by optical mapping). Moreover, isolated HOM
hearts displayed increased inducibility of atrial and ventricular
arrhythmias as compared to WT. In line with this, patch clamp
measurements revealed significant APD90 prolongation and
increased incidence of pro-arrhythmic events (early and late
afterdepolarizations) in isolated cardiomyocytes from HOM mice
as compared to WT, which was prevented by pharmacological
inhibition of the late sodium current.
Conclusion: We describe a novel mouse model of sudden
cardiac death with pro-arrhythmic features secondary to
increased levels of BCAAs in the absence of cardiac structural
abnormalities. Our findings point to a potential role for BCAA
metabolism in (dys)regulation of cardiac electrophysiological
properties, which may contribute to pro-arrhythmia in the setting
of metabolic disorders, including diabetes and obesity.

C-AB23-06
MULTINATIONAL GENOME-WIDE ASSOCIATION STUDY IN
LONG QT SYNDROME IDENTIFIES A ROLE FOR COMMON
GENETIC VARIATION IN DISEASE SUSCEPTIBILITY AND
POINTS TO A POLYGENIC ARCHITECTURE IN MUTATIONNEGATIVE CASES

Najim Lahrouchi, MD, Rafik Tadros, MD, Yuka Mizusawa, MD,
Pieter G. Postema, MD, Masao Yoshinaga, MD, Elijah R. Behr,
MD, PhD, Annika Rydberg, MD, Maarten P. Van Den Berg,
MD, PhD, Tomas Robyns, MD, Dan M. Roden, MD, FHRS,
Josep Brugada, MD, PhD, Morten S. Olesen, MD, Jacob TfeltHansen, MD, Jonathan R. Skinner, MD, Charles Antzelevitch,
PhD, FHRS, Katja E. Odening, MD, Martin M. Borggrefe, MD,
PhD, Bart Loeys, MD, Steven A. Lubitz, MD, Georgia Sarquella
Brugada, MD, MSc, Jan Veldink, MD, PhD, Ammar Al-Chalabi,
MD, PhD, Peter Andersen, MD, PhD, Martina Müller-Nurasyid,
PhD, Daniele Cusi, MD, PhD, Pilar Galan, MD, Thomas
Werge, MD, Marta Ribasés, MD, Peter Lichtner, MD, Thomas
Meitinger, MD, Ramon Brugada, MD, PhD, Naomasa Makita,
MD, PhD, Wataru Shimizu, MD, PhD, Silvia G. Priori, MD,
PhD, Pascale Guicheney, MD, PhD, Stefan Kaab, MD, PhD,
Eric Schulze-Bahr, MD, PhD, Peter J. Schwartz, MD, Vincent
Probst, MD, Seiko Ohno, MD, PhD, Arthur A. Wilde, MD, PhD,
Michael Tanck, PhD and Connie R. Bezzina, PhD. Academic
Medical Center Amsterdam, Amsterdam, Netherlands,
Department of Clinical and Experimental Cardiology, Heart
Center, Amsterdam Medical Center, University of Amsterdam,
Amsterdam, The Netherlands, Amsterdam, Netherlands,
Academic Medical Center, Cardiology Dept, Amsterdam,
Netherlands, Department of Pediatrics, National Hospital
Organization Kagoshima Medical Center, Shiroyama-cho 8-1,
Kagoshima 892-0853, Japan, Kagoshima, Japan, St. George’s
University of London, London, United Kingdom, Department
of Clinical Sciences, Pediatrics, Umeå University, S-901 85
Umeå, Sweden, Umea, Sweden, Department of Cardiology,
University Medical Center Groningen, University of Groningen,
The Netherlands, Groningen, Netherlands, Department of
Cardiovascular Sciences, University of Leuven, Leuven,
Belgium, Leuven, Belgium, Vanderbilt University School of
Medicine, Nashville, TN, University of Barcelona, Barcelona,
Spain, Rigshospitalet, The Heart Center, Copenhagen,
Denmark, Department of Cardiology, Copenhagen University
Hospital, Rigshospitalet, Copenhagen, Denmark, Copenhagen,
Denmark, Starship Hospital, Auckland, New Zealand, Lankenau
Institute for Medical Research, Wynnewood, PA 19096 USA,
Wynnewood, PA, University Heart Center Freiburg, Cardiology
and Angiology I, Providence, RI, University of Heidelberg,
Mannheim, Germany, Department of Cardiology, Antwerp
University Hospital, Antwerp, Belgium, Antwerp, Belgium,
Brigham and Women’s Hospital, Preventive Medicine, Boston,
MA, Hospital Sant Joan de Deu, Barcelona, Spain, Barcelona,
Spain, Department of Neurology, Brain Center Rudolf Magnus,
University Medical Center Utrecht, Utrecht, The Netherlands,
Utrecht, Netherlands, Wohl Clinical Neuroscience Institute,
King’s College London and NIHR Dementia Biomedical
Research Unit, London SE5 9RX, UK, London, United Kingdom,
Department of Neurology, Ulm University, 89081 Ulm, Germany;
and Department of Pharmacology and Clinical Neuroscience,
Background: Long QT syndrome (LQTS) is characterized by
large variability in disease severity which remains a major hurdle
in the clinical care of these patients. We hypothesized that
common genetic variation is involved in disease susceptibility
and severity.
Objective: Identify common variants that contribute to disease
susceptibility, QTc and occurrence of arrhythmia in LQTS.
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Methods: We included LQTS index cases through an
international consortium of 25 referral centers. QTc was
measured in a core lab by two experienced physicians. Cases
were genotyped on the OmniExpress array. Genotypic data in
ethnically matched controls was already available. We imputed
>7 million single nucleotide polymorphisms (SNPs). Casecontrol analysis was performed correcting for sex and ancestry.
Quantitative trait analysis for QTc was performed accounting
for sex, ancestry and LQTS genetic subtype. We also assessed
the association between a weighted genetic risk score (GRS68)
consisting of 68 SNPs previously associated with QTc in the
general population with (1) case-control status, (2) QTc and (3)
time to first arrhythmic event.
Results: The study included a total of 1195 European cases
(495 LQT1, 444 LQT2, 85 LQT3, 146 mutation negative; QTc
475±45ms; 23% previous cardiac arrest) and 6962 controls.
Case-control analysis uncovered 3 loci at genome-wide
statistical significance; these were previously associated with
QTc in the general population (NOS1AP-rs12143842 [P=5.6e-09;
odds ratio, OR=1.33], SCN5A/SCN10A-rs7373065 [P=4.0e-08;
OR=2.2] and KLF12-rs1886512 [P=5.7e-08; OR=1.28]). No SNP
was associated with QTc at genome-wide significance. Within
cases, GRS68 was modestly associated with QTc [P=0.037; QTc
469±38 vs. 478±40 in lowest vs. highest GRS68 quartiles] but not
with time to first arrhythmic event. GRS68 was higher in LQTS
cases compared to controls [P=1.2e-25] and higher in mutationnegative vs. mutation-positive patients [P=1.2e-4].
Conclusion: Common genetic variation contributes to LQTS
susceptibility. We identified a modest association of GRS68
with QTc in LQTS. For the first time we provide evidence for a
polygenic architecture of mutation-negative LQTS. The study is
currently being extended to a large cohort of Japanese LQTS
patients.
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C-AB24-01
A RANDOMIZED COMPARISON OF ECONOMIC
AND CLINICAL EFFECTS OF AUTOMATIC REMOTE
MONITORING VERSUS CONTROL IN PATIENTS WITH
ICDS: THE MONITOR-ICD STUDY

Markus Zabel, MD, Stefan N. Willich, MD, MPH, J. Christoph
Geller, MD, Johannes Brachmann, MD, Volker Kühlkamp, MD,
Rüdiger Dissmann, MD, Lars Lüthje, MD, Leonard Bergau,
MD, Frank Bode, MD, Lars Eckardt, MD, Thomas Reinhold,
PhD, Stephanie Roll, PhD, Falk Müller-Riemenschneider,
MD, MSc, and the MONITOR-ICD investigators. Univ of
Goettingen, Div Cardiology, Goettingen, Germany, Institute for
Social Medicine, Epidemiology and Health Economics, Berlin,
Germany, Zentralklinik Bad Berka, Arrhythmia Section Div
Cardiology, Bad Berka, Germany, II Medizinische Klinik Klinikum
Coburg, Coburg, Germany, Heart Center Konstanz, Konstanz,
Germany, Klinikum Reinkenheide, Bremerhaven, Germany,
Universitaetsklinikum Luebeck, Luebeck, Germany, University
Hospital, Muenster, Germany
Background: Implantable cardioverter-defibrillator (ICD)
automated remote follow-up (FU) and remote monitoring (RM)
are technically established. However, the exact clinical benefit
and cost-effectiveness of RM are still under investigation.
Objective: The MONITOR-ICD study (NCT 00787683) was
designed to assess costs, cost-effectiveness and clinical benefits
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of RM versus standard care (SC) ICD FU in a randomized
multicenter trial.
Methods: Eligible patients were implanted with a single- or dualchamber RM-capable Biotronik ICD. ICD programming and alertbased clinical responses in the RM group were standardized
by protocol. Disease specific costs from a societal perspective
were defined as primary endpoint. ICD shocks, hospitalizations,
mortality and quality of life (QoL) were secondary endpoints.
The primary endpoint was compared using ANOVA, adjusted for
center, on an intention-to-treat basis. Time-to-event comparisons
were done using univariate Cox-regression (adjusted for center).
Results: A total of 416 patients were recruited in 13 specializedcare centers, of which 14 (3.3%) dropped out, 199 patients were
randomized to RM, 203 patients to SC. Age was 63±12 years,
81% were male, LVEF was 35±12%, 70% had ischemic heart
disease. Indication was primary prophylaxis in 57%; 78% were
first implantations. After FU of 1.56±0.60 years, cases of deaths
were equally distributed (RM: 20, SC: 15, hazard ratio (HR)
1.34, 95% CI 0.68-2.61, p=0.398). Total disease-specific costs
were higher (not significant) in the RM group with €8959 per
year (6967-10951), than in the SC group €6699 (4716-8682)
(p=0.09). In the RM and SC group, 25 (12.6%) and 15 (7.3%)
patients, respectively, received one or more ICD shocks. Time
to first appropriate (app) shock (1.67 [0.83-3.33], p=0.148), time
to first inapp shock (2.14 [0.39-11.71] p=0.379) and time to first
app shock or app ATP (1.60 [0.97-2.63] p=0.064) did not differ
significantly between RM and SC. QoL measured with SF-12,
MacNew and Florida ICD Acceptance did not change from
baseline to FU and did not differ between RM and SC.
Conclusion: In this multicenter randomized trial in a specializedcare setting in Germany, disease-specific costs, mortality, and
the time to ICD therapies did not differ significantly between RM
and SC.

C-AB24-02
HEART RATE SCORE PREDICTS SURVIVAL INDEPENDENT
OF SHOCKS IN ICD AND CRT-D PATIENTS
Brian Olshansky, MD, FHRS, Mark Richards, MD, DrPH., Arjun
D. Sharma, MD, Paul W. Jones, MS, Nicholas Wold, MS, David
Perschbacher, MS and Bruce L. Wilkoff, MD, FHRS. Mercy
Hospital - North Iowa, Mason City, IA, NWOCC, Toledo, OH,
Boston Scientific, St. Paul, MN, Boston Scientific, St. Paul,
MN, Boston Scientific, Minneapolis, MN, Boston Scientific,
Minnepolis, MN, Cleveland Clinic, Cleveland, OH

Background: Heart Rate Score (HrS) (≥70%), a measure of
chronotropic incompetence, is associated with reduced survival
in ICD and CRT-D recipients.
Objective: To evaluate the relationship between HrS and shocks
in ICD and CRT-D patients.
Methods: HrS was calculated from atrial sensed and paced rate
histograms collected from the 2006-2011 ALTITIUDE remote
interrogation data base. Shocks were determined in the first year
of follow-up. Survival was assessed over the next 4 years by
the Social Security Death Index. Four multivariate models were
run: ICD and CRT-D, shock and no shock, with survival as the
outcome and HrS as the predictor.
Results: Data from 49,358 ICD and 55,953 CRT-D patients
were divided into HrS: ≥70%, 30-69%, <30%. Shock rates
differed between HrS groups (p<0.001) for ICD and CRT-D
patients. However, the lowest mortality risk HrS (<30%) had
the highest shock rate. HrS (p<0.001) and shocks (p<0.001)
predicted reduced survival during follow-up. Comparing
HrS≥70% to HrS<30%, HrS≥70% predicted mortality in CRT-D
and ICD patients regardless of shocks (hazard ratio range: 2.132.27, P<0.001 for each).
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Conclusion: Patients with ICDs or CRT-Ds having the lowest
mortality risk HrS had the highest shock rate. Shocks and
HrS complement each other as predictors of survival in these
patients.

C-AB24-04
OUTCOMES OF ICDS AND CRTS IN PATIENTS WITH
CHRONIC KIDNEY DISEASE: A META-ANALYSIS OF 21000
PATIENTS

Mohammed Shurrab, MD, MSc, Yazan Zayed, MD, Dennis
Ko, MD, Sankar Dass. Navaneethan, MD, Nour Yadak, MD,
Abeer Yaseen, MD, Anna Kaoutskaia, MD, Waad Qamhia, MD,
Douglas Lee, MD, David Newman, MD, Zakaria Hamdan, MD,
Saleem Haj-Yahia, MD, Paula Harvey, MD and Eugene Crystal,
MD. An-Najah National University Hospital, An-Najah National
University, Nablus, Palestinian Territory, Sunnybrook Health
Sciences Centre, Toronto, ON, Canada, Dan L. Duncan Institute
of Clinical and Translational Research, Houston, TX, Peter
Munk Cardiac Centre & University Health Network, Toronto, ON,
Canada, Women’s College Hospital, Toronto, ON, Canada

C-AB24-03
REMOTE TRANSMISSIONS AT TIME OF SUDDEN DEATH
IN PATIENTS WITH IMPLANTABLE CARDIOVERTER
DEFIBRILLATORS
Alefiyah Rajabali, MBBS, Zian H. Tseng, MD and Edmund
Keung, MD. University of California San Francisco, San
Francisco, CA, University California San Francisco, San
Francisco, CA, VA Medical Center, San Francisco, CA

Background: ICDs are reported to be > 95% effective at
preventing SCD, but little is known about the reasons for SCD
despite ICD in situ.
Objective: We evaluated peri-mortem (within 24 hours of
death) remote transmissions in the VA National Cardiac Device
Surveillance Program (VANCDSP) to determine the terminal
rhythm and possible reasons for failure of the device to rescue.
Methods: Of 7933 ICD deaths in the VANCDSP between
1/1/2013 to 11/15/16, 4759 patients were enrolled in remote
monitoring and had at least one transmission. We retrieved 59
alert-triggered peri-mortem remote transmissions at the time of
OOH unexpected death. We reviewed these transmissions for
the first recorded rhythm, delivery and success of therapy, and
all subsequent rhythms up to the terminal EGM.
Results: Alert triggered transmissions occurred for lead integrity
concerns (n=29) and/or delivery of therapy (n=30). The initial
rhythms recorded by the ICD episode log were VT (n=22), VF
(n=24), SVT (n=3) and no arrhythmia (n= 10). 10 of the 29
transmissions triggered for lead integrity had VT/VF that was
unrecognized by the device. Of the 46 patients with VT/VF,
appropriate therapy was delivered in 33 patients (Shock n=
31, ATP only n= 2). Terminal rhythms were VF (n=22), pacing
without capture (n=34), VT below detection rate (n=1) and
pacing with capture (n=2). 14 of 46 patients with adjudicated
initial rhythms of VT/VF (30%) did not receive appropriate
therapy (ATP or shock). Reasons for non-delivery of therapy
included VF under-sensing (n=2), coarse VF below detection
rate (n=6), VT below detection rate (n=2), NSVT (n=2) and
possible device hardware failure (n=2). Delayed detection
interval did not contribute to failure to deliver appropriate therapy.
Conclusion: The majority (78%) of alert-triggered peri-mortem
transmissions revealed initial rhythm of VT/VF. 30% of patients
did not receive appropriate therapy for presenting rhythms of
VT/VF, due to inability of the device to recognize low amplitude,
slow VF. Detection is limited by our current rate based detection
algorithm and un-related to delayed detection algorithms.

Background: The efficacy of implantable cardioverter
defibrillators (ICDs) and cardiac resynchronization therapy
(CRT) in patients with chronic kidney disease (CKD) remains
controversial despite active use.
Objective: The aim of this meta-analysis is to explore the
association between ICD/CRT and survival in CKD patients.
Methods: An electronic search was conducted. We included
studies that reported outcomes in CKD patients stratified by
the presence of ICD, CRT or none (control group). The primary
outcome was all cause mortality. Outcomes were pooled using
random effects model. Odds ratios (OR) were reported for
dichotomous variables.
Results: 10 studies (9 retrospective and 1 prospective nonrandomized) including 20920 adult patients were identified.
ICD was present in 3568 patients and CRT in 10838 patients.
Baseline characteristics were similar between ICD, CRT
and control groups. Follow up ranged between 1-3 years. All
cause mortality was lower in the ICD group in comparison to
control group (51% vs. 66%, OR 0.48 (95% confidence interval
[CI] 0.42; 0.55), P<0.001). All cause mortality was lower in
CRT vs. ICD groups (37 % vs. 42%, OR 1.38 (95% CI 1.08;
1.76), P=0.01). No significant heterogeneity was noted for the
comparisons (I2=0%, P=0.51 and I2=31%, P=0.23, respectively).
Conclusion: Concomitant use of ICDs is associated with greater
survival in observational studies of CKD patients. CRTs use
showed even a better survival in CKD patients in comparison to
ICDs. A randomized controlled trial is required to define the role
of ICDs/CRTs in CKD patients.
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C-AB24-05
THE BENEFIT OF IMPLANTABLE CARDIOVERTER
DEFIBRILLATORS IN ASYMPTOMATIC PATIENTS (NYHA I)
WITH LEFT VENTRICULAR DYSFUNCTION

Avi Sabbag, MD, Roy Beinart, MD, Michael Glikson, MD,
Mahmoud Suleiman, MD, Nimer Samania, MD, Monther Boulos,
MD, Ilan Goldenberg, MD and Eyal Nof, MD. Sheba Medical
Center, Ramat Gan, Israel, Sheba Medical Center, Ramat
Gan, Israel, Rambam Medical Center, Haifa, Israel, Cardiology
Department, Rambam Health Care Campus, Haifa, Israel
Background: Controversy prevails regarding the clinical benefit
of primary prevention ICD therapy in asymptomatic patients
(NYHA I) with left ventricular dysfunction. We aimed to evaluate
ventricular arrhythmia and mortality rates, appropriate device
therapies, by NYHA Class in a prospective national ICD registry.
Methods: The study comprised 1,679 consecutive patients with
ischemic cardiomyopathy who were implanted with a primary
prevention ICD, and were enrolled in a prospective national
Israeli ICD registry from 2010. The risk for clinical and arrhythmic
events was assessed by NYHA Class.
Results: Asymptomatic patients (NYHA I) comprised 20% of
the study cohort. -Three year follow-up rates of appropriate ICD
therapies were 10% and 12% among patients with NYHA I and
NYHA≥II, respectively (p=0.404 [Figure: panel A]). In contrast,
mortality rates were significantly higher among the latter group
of patients (Figure: panel B). Accordingly, a competing risk
analysis between arrhythmic and mortality risk in the two NYHA
groups, showed that patients with NYHA I experienced increased
likelihood for appropriate device therapy during follow-up after
adjustment for mortality risk.
Conclusion: Our findings indicate that NYHA Class I patients
with ischemic cardiomyopathy experience a similar rate
of ventricular arrhythmic events and a lower mortality risk
compared with symptomatic patients, suggesting that primary
ICD implantation may be life-saving in this population.
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performance of an anti-tachycardia pacing (ATP) enabled
leadless pacemaker (LP) commanded by a subcutaneousICD (S-ICD) through wireless, intra-body, device-device
communication (Figure).
Objective: To evaluate chronic LP performance, device-device
communication and delivery of ATP by the LP as commanded by
the S-ICD.
Methods: The modular system of an ATP-enabled LP and S-ICD
prototypes (both Boston Scientific) was evaluated for chronic
performance in a canine animal model (n=23). We here report
the 90-day results.
Results: Chronic LP electrical performance at 90 days was:
a mean pacing threshold of 0.75 ± 0.41V (n=14), and a mean
impedance of 734 ± 150Ω (n=18). Uni-directional communication
from the S-ICD to the LP at 90 days in 17 animals was
successful in 100% of attempts (n=92/92) resulting in 100%
successful ATP delivery by the LP. The mean communication
threshold was low and remained stable throughout 90 days
of follow-up. Adequate S-ICD sensing was observed during
normal sinus rhythm, LP pacing, and VT/VF in all subjects.
Echocardiography at implant (n=23) and at 90 days (n=13)
showed no pericardial effusion or interference with tricuspid
valve function. The LP appeared to be stably anchored in the
RV apical septal wall. Gross pathological evaluation at 90 days
revealed a firmly fixated LP with tissue encapsulation ranging
from 0-100% (55% ± 46%, n =11).
Conclusion: We demonstrated appropriate chronic functionality,
communication and ATP-delivery by the LP in a combined
modular therapy system (LP and S-ICD).

C-AB25-02
SAFETY AND EFFECTIVENESS OF MICRA
TRANSCATHETER PACING SYSTEM IN PATIENTS WITH
PREEXISTING TRANSVENOUS CARDIAC PACEMAKER
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C-AB25-01
CHRONIC PERFORMANCE OF COMMUNICATING
LEADLESS ANTI-TACHYCARDIA PACEMAKER AND
SUBCUTANEOUS IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR

Fleur V.Y. Tjong, MD, Tom Brouwer, MD, Brendan E. Koop, PhD,
Bryan Swackhamer, MSc, Brian Soltis, MSc, Allan Shuros, MSc,
Martin Burke, DO and Reinoud Knops, MD. Academic Medical
Center, Amsterdam, Netherlands, Boston Scientific, Arden
Hills, MN, Boston Scientific Corporation, St. Paul, MN, Corvita,
Chicago, IL
Background: A novel modular cardiac rhythm management
therapy approach is evaluated in this study: the chronic

Mikhael F. El-Chami, MD, FHRS, Robert C. Kowal, MD, PhD,
Jens B. Johansen, MD, PhD, Amir Zaidi, MD, J. Lluis Mont,
MD, PhD, Saverio Iacopino, MD, Svein Faerestrand, MD, Dirk
Van Osch, MPH, Shelby Li, MD and Paul R. Roberts, MD.
Emory University, School of Medicine, Atlanta, GA, HeartPlace Baylor University Medical Center, Dallas, TX, Odense
University Hospital, Odense, Denmark, Central Manchester
University Hospitals, Manchester, United Kingdom, Cardiology
Department, Thorax Institute Hospital Clínic, Universitat de
Barcelona., Barcelona, Spain, Maria Ceciia Hospital, Catanzaro,
Italy, Haukeland University, bergen, Norway, Medtronic,
Inc, Minneapolis, MN, Southampton General Hospital,
Southampton, United Kingdom
Background: The Micra pre-market study showed that the Micra
transcatheter pacing system (TPS) could be safely implanted in
patients with pacing indications. Patients with preexisting cardiac
implantable electronic devices (CIED) were excluded from this
clinical trial; however this group of patients might benefit from
a leadless pacemaker especially when a lead fails or after
incidence of system-related infections.
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Objective: To determine outcome of patients with preexisting
CIED undergoing Micra TPS implant.
Methods: The worldwide, prospective post-market registry
is designed to confirm safety and effectiveness of Micra TPS
when used in “real-world” clinical practice. All enrolled patients
are followed as part of a research protocol. All system and/
or procedure related events were reviewed by a physician
committee. Summary statistics on Micra implant and post
implant data are reported (table).
Results: At the time of this analysis, 536 subjects were
implanted with Micra TPS as part of the post-market registry. Of
those, 66(12.3%) had a preexisting CIED. During the procedure,
the previous transvenous device(s) was completely removed in
43 (65.2%) subjects, while 23(34.8%) subjects had the system
retained or partially explanted. Micra implant success rate
was 100%. Implant pacing threshold was very good (0.6 +/0.4@0.24); overall complication rate was low (1.5%).
Conclusion: Micra TPS can be implanted safely and
successfully in patients with pre-existing CIED. It should be
considered part of the treatment armamentarium of patients with
malfunctioning pacing leads or after CIED extraction for devicerelated infection.
Patients’ Characteristics and Procedural Outcome
Implant Success Rate
Mean Age (year)
Gender (Male)
BMI
Diabetes
Hypertension
Renal Dysfunction
Pacing Capture Threshold (V)
Overall Complication Rate
Device Pacing Issue
Incision site hemorrhage
Infection
Pericardial Effusion

n=66
66/66 (100%)
69.9 +/- 17.4
63.6%
27.4 +/- 4.9
11 (16.7%)
27 (40.9%)
11 (16.7%)
0.6 +/- 0.4
1 (1.5%)
0
1
0
0

C-AB25-03
LONG TERM EXPERIENCES WITH AN ACTIVE FIXATION
CORONARY SINUS LEAD

Axel Kloppe, MD, Leif Boesche, MD, Aydan Ewers, MD, Assem
Aweimer, MD, Dominique Schoene, MD, Andreas Muegge, MD
and Fabian Schiedat, MD. Universitätsklinikum Bergmannsheil,
Bochum, Germany
Background: Coronary sinus (CS) lead implantation is a
challenging technique with high dislocation rates. With an active
fixation lead (Medtronic Attain Stability 20066) it is possible to
fixate the lead with an exposed side helix to the cardiac vein
wall.
Objective: N/A
Methods: 36 patients with indication for CRT received the Attain
stability active fixation lead. The lead body was rotated clockwise
to engage the helix in the vein wall. The LV lead stability was
tested with pushing and pulling the lead during fluoroscopy. Lead
and system was checked after 3, 6, 9, 12 and 24 months.
Results: Attain stability was successfully implanted in 36
(97.2%) of 37 attempts. In one case (2.8%) implantation of attain
stability was not possible due to instability of the helix at target
position. All leads have been placed at a vein concordant to the
LV segment with the latest mechanical contractions and in the
most basal position possible. Mean age was 71,8 9,6y with an
average height of 173,4 9,0 cm, average BMI of 29,11 10,39
(kg/m2) and Body surface area of 2,00 0,23 m2. Time to access
coronary sinus was 6,63 6,46 min and time until final fixation was

20,89 10,48 min. Need for repositioning in 8 patients (23.3%).
Cephalic Vein Access in 88,57% from the left side and in 11,43%
from the right side. Average angle of target Vein was 92,50 76,5
degree. Vein size at CS was 12,24 6,1 French, at Helix 10,15
4,21 French and at cathode 6,89 8,41 French. Mean Follow up
time was 24 10,48 months. During this time there was no lead
dislodgement, no phrenic nerve stimulation and no signs of lead
malfunction. Mean impedance at implant was 502 305 Ohm
and 526 278 Ohm after 24 Months. Mean threshold at implant
was 1.06 0,5 Ohm at implant and 1,26 0,69 after 24 Months.
Conculsion: Attain stability is a stable and safe active fixation
LV lead with good performance during a two year follow up. It
can be used in tortuous and sharply angulated veins as well as
in veins with large size. The lead remained stable during removal
of guiding catheters and stylets. Active fixation of this thin LV
lead offers greater flexibility to place the lead precisely and
stable in targeted vein segments over a wide range of different
vein anatomies.

C-AB25-04
PACING-QRS DURATION IS A MAJOR DETERMINANT FOR
OCCURRENCE OF PACING-INDUCED CARDIOMYOPATHY
IN THE COMPLETE AV BLOCK FOR 15 YEARS FOLLOW-UP
Ki-Woon Kang, MD, Jun Hyung Kim, MD, Jung Yeon Chin, MD
and Yu Jeong Choi, MD, PhD. Eulji University Hospital, Daejeon, Korea, Republic of, Chungnam National University, Seoul,
Korea, Republic of

Background: The risk factor of pacing-induced cardiomyopathy
(PICMP) was controversial in the chronic RV pacing with
complete AV block (CAVB).
Objective: We investigated clinical risk factor for PICMP in the
chronic RV pacing with CAVB during 15 years follow-up.
Methods: We reviewed retrospective cohort of consecutive 900
patients with implanted pacemaker in Chung-Nam National and
Eulji University Hospital, South Korea from Dec 2001 to Aug
2015. Among them, total 130 CAVB with over 90% chronic RV
pacing that also undertaken ECG, echocardiogram, medication
and laboratory in the before and after implant were analyzed.
The data was compared between non-PICMP and PICMP group
from index pacemaker implant during follow-up 15 years.
Results: Total 16.1% (n=21) PICMP among all patients was
found. The average age (74±11 vs. 72±11), the proportion of
sex (36.7% vs. 33.3%), pre-implant ejection fraction (66±9% vs.
66±8%), non-apical pacing (40.4% vs. 33.3%) and post-implant
p-QRS axis (2±78° vs. -3±90°) were similar between two groups.
Pre-implant QRS duration (124±34ms vs. 149±32ms) and
post-implant p-QRS duration (139±29ms vs. 167±28ms) were
significantly different between two groups. Post-implant ejection
fraction (61±7% vs. 31±8%) was significantly different at the end
of follow-up. ROC curve showed that above p-QRS duration
167ms is cut-off value for PICMP with the sensitivity of 52% and
specificity of 90%. Cox analysis showed that p-QRS duration
was hazard ratio (HR) =1.05, confidence interval (CI) =1.02-1.09,
p=0.001.
Conclusion: Our long-term results suggested that post-implant
p-QRS duration regardless of pacing-site was significantly
associated with greater risk for PICMP.
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C-AB26-01
COMPARISON OF SURFACE ECG IN REAL MID-SEPTAL,
APPARENT MID-SEPTAL, & APICAL PACING

Anna Mala, MD, Pavel Osmancik, MD, Dalibor Herman, MD,
PhD, Petr Stros, MD, Karol Curila, MD, PhD, Robert Petr, MD,
PhD and Jana Zdarska, Eng. Cardiocenter, 3rd Medical School,
Charles University and University Hospital Kralovske Vinohrady,
Prague, Czech Republic

C-AB25-05
ATRIAL LEAD IMPLANTATION AT BACHMANN’S
BUNDLE: IMPLANTATION SUCCESS AND EFFECTS ON
INTERATRIAL AND ATRIOVENTRICULAR CONDUCTION

Carsten W. Israel, MD, Tatsiana Burmistrava, BSc, Wladimir N.
Tschishow, MD, Saad Said, BSc, Ludger Obergassel, MD and
Barbara Lamp, MD. Evangelical Hospital Bielefeld, Bielefeld,
Germany
Background: Atrial leads are usually implanted in the right atrial
appendage (RAA) but can be placed high-septally near the right
atrial insertion of Bachmann’s bundle (BB).
Objective: This study assessed the feasibility of BB versus RAA
pacing in pacemaker/ICD all-comers and the acute effect on
atrial and AV conduction.
Methods: Consecutive patients (pts) receiving a pacemaker or
ICD with atrial active-fixation lead were prospectively enrolled.
The final lead position in LAO40°, and fluoroscopy/implantation
times were documented. P and PQ duration were assessed
by ECG at 100 mm/s during intrinsic and atrial paced rhythm.
Implantation success, implantation/fluoroscopy duration,
intraoperative measurements, dislodgement rate and P/PQ
duration were compared between BB and RAA pacing.
Results: In 1016 pts (76±11 years, 53% male), 796 pacemakers
and 220 ICDs were implanted. Implantation at BB was attempted
in 628 pts, successful in 469 (75%). Implantation was 15.7 min,
fluoroscopy 1.9 min longer in pts where BB implantation was
attempted. Pacing measurements and dislodgement rate were
comparable (BB: 11/469, 2,3%, RAA: 18/547, 3,3%, p=0,37).
RAA pacing prolonged P wave duration (108→130 ms), BB
pacing shortened it (121→106 ms). PQ duration was prolonged
by RAA pacing (197→230 ms) but shortened by BB pacing
(208→188 ms).
Conclusion: In this large experience with BB pacing, 75% of
implantation attempts at BB were successful, intraoperative
measurements and dislodgement rates were comparable
to implantation in the RAA. While RAA pacing caused atrial
desynchronization and first-degree AV block I°, BB pacing
improved atrial electrical synchronicity and maintained normal
AV condiction.
P wave and PQ duration in BB versus RAA pacing
BB (n=468)
Change of P wave duration (ms)
-17±27
Change of PQ duration (ms)
-18±36

RAA (n=547)
+27±26
+36±39

p-value
<0.001
<0.001

Background: Septal pacing is considered to be more
physiological compared to pacing of the apex of the right
ventricle (RV). However, correct placement of the RV lead into
the septum is often difficult using only fluoroscopic criteria during
implantation; & many leads are in fact anchored in the anterior or
free wall of the RV.
Objective: The aim of the study was to verify the ECG criteria
that have been described to be associated with a position of the
right ventricular lead in the septum.
Methods: Patients with standard indications for a pacemaker,
were randomized to apical (group A) or mid-septal pacing
(group MS). The lead was placed in the appropriate position
using standard fluoroscopic criteria (i.e. the position of the lead
as seen on the left anterior, right anterior oblique positions, &
on the anteroposterior view). One to 5 months later, the exact
position of the RV lead was verified using cardiac CT. Based on
the findings, the MS group was divided into two subgroups: (1)
true septum (TS), i.e., lead was found in the septum, & (2) false
septum (FS), i.e., lead was not in the septum but in the adjacent
areas of the anterior or free wall. Surface ECGs were taken in all
patients and the following criteria were compared: QRS width,
axis, presence of q or negative QRS in lead I, & notching in the
inferior leads.
Results: Eighty patients were enrolled in the study (20 were
randomized to group A, 60 to group MS). In 60 MS patients,
25 leads were found to be TS, and 35 were FS. On ECGs, the
apical group had a significantly wider QRS compared with the
MS group (160.8±25.1 ms vs. 139.4±19.0 ms, p<0.001), the axis
was significantly left deviated (A: −58.5±18°, MS: 4.9±40,1°,
p<0.001), & inferior notching was less common in group A (A:
42% vs. MS: 71%, p<0.05). The presence of q-waves in lead I
wasn´t significantly different between groups. However, a detail
analysis of TS and FS subgroups failed to find any significant
differences in parameters that could differentiate between the TS
and FS subgroups.
Conclusion: ECGs can be easily used to recognize apical
pacing from septa pacing (or septum - close area). However,
ECGs are not able to distinguish between true mid-septal lead
placement from lead placement in the adjacent anterior or free
wall.

C-AB26-02
PROGNOSTIC IMPACT OF LEAD TIP POSITION
CONFIRMED BY CT IN PATIENTS WITH RIGHT
VENTRICULAR SEPTAL PACING

Masayuki Hattori, MD, Yoshihisa Naruse, MD, PhD, Yasushi
Oginosawa, MD, PhD, Yuya Matsue, MD, PhD, Yuichi Hanaki,
MD, Shinya Kowase, MD, Kenji Kurosaki, MD, PhD, Akira
Mizukami, MD, Ritsuko Kohno, PhD, Haruhiko Abe, MD,
Kazutaka Aonuma, MD, PhD and Akihiko Nogami, MD, PhD.
Department of Cardiovascular Medicine, Yokohama Rosai
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Hospital, Kanagawa-Prefecture, Japan, Cardiovascular Division,
Faculty of Medicine, University of Tsukuba, Ibaraki-Prefecture,
Japan, The Second Department of Internal Medicine, University
of Occupational and Environmental Health, Fukuoka-Prefecture,
Japan, Department of Cardiology, Kameda Medical Center,
Chiba-Prefecture, Japan, Division of Cardiology,University of
Occupational and Environmental Health, Japan, FukuokaPrefecture, Japan
Background: Although fluoroscopy-guided right ventricular
(RV) lead placement in the ventricular septum has been widely
performed, the variation in true RV lead tip position and its
prognostic implication have not been well elucidated.
Objective: We sought to investigate the relationship between
the RV lead tip position assessed by computed tomography (CT)
and its prognostic impact in patients with atrioventricular block
(AVB) intended to be treated with RV septal pacing.
Methods: We retrospectively included consecutive 229 patients
(77 ± 10 years; 124 men) with advanced or complete AVB who
underwent fluoroscopy-guided RV septal lead implantation
and incidental thoracic CT after pacemaker implantation at our
hospitals between 2008 and 2015. Patients were classified into
2 groups according to the RV lead tip position assessed by axial
slices of CT: non-free wall (septum or hinge between septum
and free wall) group and free wall group. The primary endpoint
was composite outcome of cardiac death and heart failure
hospitalization.
Results: Although RV lead was fluoroscopically aimed to RV
septum in all patients, the true location of RV lead assessed by
CT was at septum in 36 (16%) patients, hinge between septum
and free wall in 175 (76%), and free wall in the remaining 18
(8%). Paced QRS duration was wider in free wall group than in
non-free wall group (169 ± 21ms vs. 156 ± 17ms; P = 0.016).
The primary endpoint occurred in 39 (17%) patients over a
median follow-up period of 39 (interquartile range 17 - 61)
months. Kaplan-Meier curve showed that free wall group had
significantly worse outcome compared to non-free wall group
(P = 0.025). A multivariable Cox proportional hazard model
demonstrated that free wall group (hazard ratio [HR] 2.65;
95% confidence interval [CI] 1.10-6.43; P = 0.031) and prior
heart failure (HR 4.13; 95% CI 2.13-7.99; P < 0.001) were the
independent predictors for the event occurrence.
Conclusion: Fluoroscopy-guided RV lead placement in septum
could have potential risk of unexpected RV free wall pacing;
resulting in an increased risk of cardiac death and heart failure
hospitalization.

C-AB26-03
FEASIBILITY OF HIS BUNDLE PACING TO CORRECT LEFT
BUNDLE BRANCH BLOCK IN HEART FAILURE PATIENTS

Weijian Huang, MD, Lan Su, MD, Shengjie Wu, MD, Lei Xu, MD,
Zhenyu Dai, MD and Xiaohong Zhou, MD. The First Affiliated
Hospital of Wenzhou Medical College, Wenzhou, China,
Medtronic, Inc., Minneapolis, MN
Background: Heart failure (HF) patients (pts) with left bundle
branch block (LBBB) are indicated for cardiac resynchronization
therapy (CRT) that paces left and right ventricles almost at the
same time.
Objective: This study explored the feasibility of correction of
LBBB by His bundle pacing (HBP) in HF pts.
Methods: A total of 57 pts who had HF and LBBB were enrolled.
Acute HBP was attempted with a Select Site sheath (C304 and
C315) and the Select Secure 3830 pacing lead that was placed
in the atrioventricular septum. His bundle potential was recorded
along with 12-lead ECG to confirm HBP. The initial acute HBP
showed capture of His bundle with the presence of LBBB.
The pacing output was then increased to capture His bundle

with disappearance of LBBB (HBP-LBBBc). Pts in whom HBP
parameters were acceptable received permanent HBP-LBBBc
with follow-up visits for device performance at 1 week, 1, 3, 6,
and 12 months.
Results: Of 57 pts, 55 pts (96.5%) had successful acute
HBP-LBBBc. Of these 55 pts, 45 pts received permanent HBPLBBBc. The HBP-LBBBc threshold was significantly higher than
HBP threshold without LBBB correction (Figure). The changes in
HBP-LBBBc threshold were not statistically significant though a
slight increase over the time was seen during 12 month follow-up
(Figure). The intrinsic ECG QRS duration was 171.9±19.6 msec
without HBP, 164.5±24.1 msec during HBP, and 107.9±20.8
msec during HBP-LBBBc (P <0.05 among them). Clinical
outcomes were significantly improved during 12 month follow-up
in pts who received permanent HBP-LBBBc.
Conclusion: HBP can correct LBBB in HF patients, which
will be an alternative way to provide synchronized ventricular
contraction via His-Purkinje system.

C-AB26-04
THE HISIAN PACING: TECHNICAL AND CLINICAL
OUTCOME IN A LONG-TERM FOLLOW-UP
Francesco Zanon, MD, FHRS, Lina Marcantoni, MD, Gianni
Pastore, MD, Enrico Baracca, MD, Claudio Picariello, MD,
Daniela Lanza, MD, Silvio Aggio, MD, Alessandra Bortolazzi,
MD, Loris Roncon, MD and Frits W. Prinzen, PhD. Ospedale S.
Maria Della Misericordia, Rovigo, Italy, Maastricht University,
Maastricht, Netherlands
Background: The Hisian pacing ensures a physiologic
ventricular activation and can prevent detrimental hemodynamic
effects of right apical pacing. No data are available on long-term
results.
Objective: The study tested both technical and clinical results of
the Hisian pacing in long-term follow-up.
Methods: We retrospectively analyzed 369 patients (mean age
75±8 years; 218 males) with standard indication for pacing. All
the patients received permanent Hisian (57.4%) or paraHisian
pacing by lead 3830 Medtronic. The indications for pacing
were: AV block (50.9%), sinus node disease (23.3%) and AF
with slow ventricular rate (25.7%). 90 pts (24.3%) had ischemic
cardiomyopathy, 240 (65%) pts had hypertension and 76 pts
(20.5%) had diabetes. Pre-implant mean QRS duration was
121±30 ms; basal mean EF 56±12%. A back-up standard lead
was implanted in right ventricular apex in 208 (56.3%) pts.
Results: The patients were followed yearly by ambulatory check
of PM. Patient lost at follow-up were 11% due to death before the
first control or check performed in other centres. The remaining
327 patients were followed-up for a mean of 6.3±2.7 years.
At the end of follow up 277 (84.7%) pts showed persistence
of a good performance of the 3830 lead with morphology and
duration of QRS comparable to the basal (120±29 ms). VP
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≥90% was detected in 70.1% of pts, while 39% had chronic AF
(AT/AF 100%). During follow up 171 (52.3%) pts had ≥1 device
replacement. The reasons for replacement were: EOL (86.5%);
up-grading to CRT (6 pts); malfunctions (9 pts); infections (5 pts).
The mean longevity of the first implanted device was 5.8±2.1
years. In 3.6% of patients during follow-up a back up lead was
added. Two patients had hospitalization due to syncope because
of severe malfunction of the system. At the end of follow-up the
mean EF was 60±11%. 37 (11%) pts experienced heart failure
episodes.
Conclusion: the Hisian and paraHisian pacing are safe and
feasible in the clinical practice. The system maintains a good
performance during a long-term follow up and ensures a
physiologic ventricular contraction thus allowing a better clinical
outcome. The EF and QRS duration remains in normal values.

C-AB26-05
PERMANENT HIS BUNDLE PACING IMPROVES CLINICAL
OUTCOMES IN HEART FAILURE PATIENTS WITH LEFT
BUNDLE BRANCH BLOCK

Weijian Huang, MD, Lan Su, MD, Lei Xu, MD, Shengjie Wu, MD,
Fangyi Xiao, MD and Xiaohong Zhou, MD. The First Affiliated
Hospital of Wenzhou Medical College, Wenzhou, China,
Medtronic, Inc., Minneapolis, MN
Background: His bundle pacing (HBP) utilizes the intact HisPurkinje system to achieve synchronous ventricular activation.
The study objective was to assess the feasibility of correction of
left bundle branch block (LBBB) by HBP and evaluated clinical
outcomes of permanent HBP in patients (pts) with heart failure
(HF) and LBBB.
Methods: Fifty-seven HF pts who also had LBBB were enrolled
after written consent forms were signed for HBP. Of 57 pts, 4
pts were CRT non-responders, 6 pts showed coronary sinus
un-access, while the remaining patients were indicated for
CRT. The Select Secure™ lead was placed in atrioventricular
region for HBP. Regular follow-up visits were conducted.
Echocardiographic left ventricular end-diastolic dimension
(LVEDd) and left ventricular ejection fraction (LVEF), NYHA
classification, hospitalizations, and use of diuretics for HF
were determined at baseline and during follow-up visits after
permanent HBP.
Results: All pts underwent acute HBP attempts and 55
pts (96.5%) showed the correction of LBBB by HBP with
disappearance of ECG LBBB. Permanent HBP was applied in 45
pts (78.9%) in whom HBP threshold were acceptable while the
other 10 pts did not receive HBP due to high pacing threshold.
After permanent HBP in 45 pts with a mean follow-up interval of
19.5±11.6 months (median 21.9 months), LVEDd decreased to
55.3±9.4 mm from the baseline 64.9±9.6 mm (P <0.001) while
LVEF increased to 53.9±14.2% from the baseline 33.8±13.2%
(P <0.001). NYHA classification reduced to 1.4±0.6 from the
baseline 2.9±0.7 (P <0.001). All pts (100.0%) experienced at
least one HF-related hospitalization prior to permanent HBP,
while only 3 pts (6.7%) were hospitalized for heart failure
treatment during the follow-up period after permanent HBP
(P <0.001). The concentration of B-type natiuretic peptide
decreased from 499.2±665.2 pg/ml to 247.9±558.2 pg/ml
(< <0.001). The number of pts who used diuretics for HF
management decreased from 40 (88.9%) at baseline to 24
(53.3%) after permanent HBP (P <0.001 for the reduction).
Conclusion: Improved clinical and echocardiographic outcomes
were observed after permanent HBP in heart failure patients who
also presented ECG LBBB, which raises the possibility of HBP
as an alternative to conventional CRT.
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C-AB26-06
PERMANENT HIS BUNDLE PACING REDUCES
MORTALITY/MORBIDITY IN PACEMAKER POPULATION
COMPARED TO RIGHT VENTRICULAR PACING

Pugazhendhi Vijayaraman, MD, FHRS, Faiz A. Subzposh,
MD, Gopi Dandamudi, MD, FHRS, Jess Oren, MD and Angela
Naperkowski, RN. Geisinger Heart Institute, Wilkes-Barre, PA,
Indiana University, Indianapolis, IN, Geisinger Heart Institute,
Danville, PA
Background: Right ventricular pacing (RVP) is associated with
heart failure and increased mortality. His bundle pacing (HBP) is
a physiological alternative to RVP.
Objective: The aim of our study is to compare the clinical
outcomes of permanent HBP to RVP.
Methods: All patients requiring pacemaker implantation,
underwent attempt at permanent HBP using the Select Securetm,
3830 lead in the year 2011 at one hospital and RV pacing at
the second hospital of Geisinger Health System. Patients were
followed from implantation, 2 weeks, 2 months and yearly
thereafter for 5 years. Primary outcome was the combined
endpoint of all-cause mortality and heart failure hospitalization
(HFH) at 5 years.
Results: HBP was attempted in 94 consecutive patients while
98 patients underwent RVP. HBP was successful in 75 (80%)
pts. Mean age 74±12 years; men 58%; LVEF 56±9%. The
indication for PM included sinus node dysfunction (SND) in 38%
and AV conduction disease in 62%. Ventricular pacing >40% was
similar in both groups (HBP-63%, RVP 62%). At 5 year f/u, the
combined end point was significantly lower in the HBP compared
to RVP (27% vs 41%; p=0.04). HFH was also significantly lower
in the HBP group compared to RVP (3% vs 12%; p <0.05). The
difference in the combined endpoint was primarily in patients
with >40%VP (HBP 27%, RVP 52%, p=0.02).
Conclusion: All cause mortality and HFH were significantly
reduced in patients undergoing permanent HBP compared
to RVP at 5 year follow-up. The difference in outcomes were
primarily in patients with >40% ventricular pacing.
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C-AB27-01
HIGHER CONTACT FORCE RESULTS IN SIGNIFICANTLY
MORE EDEMA AS COMPARED TO CHRONIC SCAR IN THE
LEFT ATRIA

Brian Zenger, BS, Sam Thomas, MD, MSc, Elyar Ghafoori, MSc,
John Ashton, PhD, Robert Macleod, PhD and Ravi Ranjan, MD,
PhD. University of Utah, Salt Lake City, UT, Biosense Webster,
South Diamond Bar, CA
Background: In atrial ablation, variable catheter contact force
produces variable regions of edema and long term scar by
detected by Late Gadolinium Enhancement MRI (LGE-MRI).
Objective: Determine the relationship between contact force,
acute myocardial edema, and chronic scar.
Methods: Ten healthy canines underwent RF ablation using
CARTO (Biosense Webster) with varying contact force for 30
secs in the left atrium during two ablation procedures 8 to 12
weeks apart. Each procedure was followed by LGE-MRI taken
30 mins post contrast injection. After the second ablation, LGEMRI provided edema volume from the second, acute lesions and
scar size from the chronic lesions performed earlier. Both edema
and scar surface area (SA) were measured from LGE-MRI using
the custom software SCIRun (Scientific Computing and Imaging
Institute). Hearts were then excised after the second ablation
and analyzed histologically for endocardial lesion formation.
Results: Chronic lesions (n=16) showed little correlation
between force and gross histological SA (r<0.05) or LGE-MRI
scar SA (r<0.05) though the areas were similar. For acute lesions
(n=8), ablation force had a significant effect on edema SA by
LGE-MRI (r=0.64) but only a trend on histology (r=0.18) with MRI
edema being significantly larger than the histological changes.
All lesions were transmural.
Conclusion: These results indicate that an increase in ablation
force increases the SA of edema detected on LGE-MRI in acute
lesions without a significant increase in the final lesion size by
MRI or histology. Increasing ablation contact force appears
to increase the presence of edema but does not necessarily
increase the amount of permanent scar created.

C-AB27-02
USING THE VISITAG MODULE IN CLINICAL PRACTICE:
WHICH PARAMETER SETTINGS ARE THE BEST
PREDICTORS FOR LONG-TERM ATRIAL SCAR?

Henry Chubb, MBBS, Kulvinder Lal, BSc, Radoslaw Kiedrowicz,
MD, Rashed Karim, PhD, Steven E. Williams, MBBS, PhD,
James Harrison, MBChB, PhD, John Whitaker, MBChB,
Matthew James. Wright, MBBS, PhD, Reza Razavi, MBBS, PhD
and Mark O’Neill, MD, DPHIL, FHRS. King’s College London,
London, United Kingdom, King’s College London, London,
United Kingdom, Division of Imaging Sciences, King’s College
London, London, United Kingdom, Guys and St Thomas’
NHS Foundation Trust, London, United Kingdom, St. Thomas’
Hospital, London, United Kingdom
Background: RF ablation locations may be recorded
subjectively, however the VisiTag module (Carto3) provides an
objective assessment, placing a marker (VisiTag) at locations
on the shell at which user-defined thresholds are achieved for
selected parameters.
Objective: To use LGE CMR imaging to identify the predictive
value of VisiTag and optimal threshold settings to identify
locations of chronic scar.
Methods: 24 subjects with AF (11 PAF) underwent first-time
RF ablation with subsequent 3D LGE CMR scan at 3 months
(1.3x1.3x2mm). A survey of UK operators was used to define
standard VisiTag settings: stability maximum ‘Range’ 3mm,
stability minimum ‘Time’ 10s, minimum force parameters (‘%
Time’ 50% and ‘Force’ 8g) ‘Imp Drop’ filter off, ‘Target Temp’
filter off. For each subject, the EAM shell was re-exported 27
times, each export varying only a single VisiTag parameter
through multiple levels. EAM and CMR shells were fused, and
the prediction of CMR scar by VisiTag marker assessed at each
threshold.
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Results: Binomial logistic regression model for the prediction
of scar by VisiTag location explained 41.7% (Nagelkerke R2) of
the variance in scar formation (χ2(4)=148, p<0.0001), correctly
classifying 82% of cases (sens 94.9%, spec 56.8%). Figure 1
shows the impact of parameter thresholds: ‘Force’ and ‘Time’
exhibit a plateau then fall in NPV at ~10g and ~10s respectively.
Conclusion: VisiTag location is a predictor of late scar
formation. Detailed analysis of threshold settings suggests that
scar is often formed with Force <10g and Time <10s. The effect
of ‘% Time’ is minimal, and of ‘Range’ is complex, whilst routine
activation of impedance and temp filters risks under-prediction of
chronic scar.
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posterior left atrial (LA) wall and the adjacent esophagus, in an
ex vivo model when the 2 structures lie in direct contiguity.
Methods: Sections of normal porcine LA tissue were placed
directly on top of normal porcine esophageal segments inside
a 37°C tissue bath at constant pH/temperature. Next, unipolar
radiofrequency (RF) applications were delivered using either
TactiCath (TT; St. Jude Medical) or ThermoCool SmartTouch
(TC; Biosense Webster) RFA catheters to the endocardial LA
surface in repetitions of 6, using 5, 10, 20 or 40 g at 10, 20 or 30
W for 15, 30 or 60 sec. The ablation parameters and RF lesions
were subsequently analyzed.
Results: In total, 432 RF applications were delivered (thickness
of LA = 2.8 ± 0.4 mm and esophagus = 2.8 ± 0.6 mm). The
relationship between CF and LA lesion size was linear using
TT, but curvilinear with TC. As such, LA lesions created using
TC were smaller than TT at 5 g (1.5 mm Vs 1.8 mm, P=0.02),
similar at 10 g (1.8 mm Vs 1.8 mm, P=0.38), but larger at 20 g
(2.3 mm Vs 2.1 mm, P=0.007) and 40 g (2.7 mm Vs 2.4 mm,
P=0.002). Conversely, at lower power [10 W] (1.6 mm Vs 2.0
mm, P=0.001) and shorter RFD [15 sec] (1.8 mm Vs 2.1 mm,
P=0.006), TT was associated with smaller LA lesions than TC.
But overall, there were no differences in LA lesion sizes at higher
power (20 W Vs 30 W; P=0.84 [TT], 0.23 [TC]) or longer RFD
(30 sec Vs 60 sec; P=0.17 [TT], 0.10 [TC]) for a given ablation
catheter or when comparing TT to TC (P=0.41 [20 W], 0.37
[30 W], 0.67 [30 sec], 0.45 [60 sec]). Although the incidence
of esophageal lesions increased with CF (P<0.001), power (P
= 0.001) and RFD (P = 0.03) with both TT and TC, there were
no discernible differences in esophageal lesions between the
catheters at a given CF, power or RFD value.
Conclusion: During RFA of the posterior LA wall with TT or TC,
the incidence of esophageal lesions increases considerably as
a function of power and RFD when the 2 structures are in direct
contiguity. However, there is no discernible increase in the
LA lesion size with power >20 W or RFD >15 sec using either
catheter.

C-AB27-04
ATRIAL FIBRILLATION PATIENTS WITH ISOLATED
PULMONARY VEINS: IS SINUS RHYTHM ACHIEVABLE?

C-AB27-03
REDUCED POWER AND SHORTER RADIOFREQUENCY
DURATION ARE ASSOCIATED WITH ADEQUATE LEFT
ATRIAL ABLATION LESION SIZE, BUT A LOWER
INCIDENCE OF ESOPHAGEAL LESIONS

Arash Aryana, MD, FHRS, Deep K. Pujara, MBBS, Samuel
C. Neubuerger, No Degree, Justin P. Heath, MHA, Camila
Villanueva, MS, Stephen G. Goble, BS, Tim F. Higuera, BS,
Mark R. Bowers, MD, P. Gearoid O’Neill, MD, FHRS and André
d’Avila, MD, PhD. Mercy General Hospital and Dignity Health
Heart and Vascular Institute, Sacramento, CA, University of
Texas School of Public Health, Houston, TX, University of
California Los Angeles, Los Angeles, CA, Biosense Webster,
Inc., Diamond Bar, CA, St. Jude Medical, Inc., St. Paul,
MN, Instituto de Pesquisa em Arritmia Cardiaca, Hospital
Cardiologico, Florianopolis, SC, Brazil
Background: There is a paucity of data on the biophysical
performances of the available contact force (CF) sensing
radiofrequency ablation (RFA) catheters.
Objective: This study investigated the impact of CF, power and
radiofrequency duration (RFD) on lesion size during RFA of the

Judit Szilagyi, MD, Edward P. Gerstenfeld, MD, FHRS, Gregory
M. Marcus, MD, FHRS, Randall J. Lee, MD, PhD, Vasanth
Vedantham, MD, PhD, Byron K. Lee, MD, Jeffrey E. Olgin, MD,
FHRS, Tomos E. Walters, MBBS, Nitish Badhwar, MBBS, PhD
and Zian H. Tseng, MD. UCSF, San Francisco, CA, University
of California San Francisco, San Francisco, CA, University of
California San Francisco - Div. of Cardiology Cardiac EP, San
Francisco, CA, University of California, San Francisco, CA,
Univ of California at San Francisco, San Francisco, CA, UCSF
Cardiac Electrophysiology, San Francisco, CA, University of
California San Francisco - Cardiac Electrophysiology, San
Francisco, CA, The Royal Melbourne Hospital, Parkville,
Australia, University California San Francisco, San Francisco,
CA
Background: The cornerstone of atrial fibrillation (AF) ablation
is the isolation of the pulmonary veins (PVs). Patients with
recurrent AF undergoing repeat ablation usually have PV
reconnection (PVr).
Objective: The purpose of this study was to describe the
ablation strategy and outcome of patients undergoing repeat
ablation who have persistent isolation of all PVs (PVi) at the time
of repeat ablation.
Methods: We studied consecutive patients with recurrent AF
undergoing repeat ablation and compared patients with PVi to
those with PVr.
Results: 152 patients underwent repeat ablation and of these,
25 patients (16.4%) had PVi. Patients with PVi underwent
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ablation targeting any isoproterenol induced AF triggers, atrial
substrate or inducible atrial tachycardias or flutters. Patients
with PVi compared to PVr were more likely to have a history of
persistent AF (64% vs. 26%; p<0.0001), obesity (BMI 30.4 vs.
28.2; p=0.05) and prior use of contact force sensing catheters
(28% vs. 0.8%, p<0.0001). After a mean follow-up of 19±15
months, 56% of PVi patients remained in sinus rhythm compared
to 76.3% of PVr patients (p=0.036). In a multivariable model,
PVi patients and those with cardiomyopathy had a higher risk
of recurrent atrial tachyarrhythmias (HR=3.6 95% CI 1.6-8.3,
p=0.002 and HR=6.2, 95% CI 2.3-16.3, p<0.0001, respectively).
Conclusion: In patients who have all pulmonary veins isolated
at the time of the redo AF ablation, a strategy of targeting nonPV AF triggers and inducible flutters can still lead to AF freedom
in more than half of patients. Patients with PVr, however, have a
better long-term outcome.

years; 100% male) and the average CHADS 2 score was 0.87
(range 0-2). Average time from PVA to redo-PVI was 6.8 years
(range 2-13 years). Out of the 13 veins which were previously
intervened, 9 were reconnected and required re-isolation.
All pulmonary vein and non-pulmonary vein triggers of atrial
fibrillation were targeted using ultra-wide area circumferential
ablation without any immediate procedural complications. Sinus
rhythm was restored in all patients. On repeat cardiac imaging
(average follow-up time 2.5 years; range 1-6 years) only one
patient developed asymptomatic modest stenosis in a previously
intervened branch (left inferior) without any clinical consequence.
None developed severe stenosis.
Conclusion: Despite the occurrence of PVS, PVI remains an
option in patients to manage symptomatic atrial fibrillation. The
use of an ultra-wide area circumferential approach was critical
for the safe elimination of AF without aggravating PVS.

C-AB27-06
CATHETER ABLATION VS. ELECTROPHYSIOLOGICAL
GUIDED THORACOSCOPIC SURGICAL ABLATION FOR
LONG STANDING PERSISTENT ATRIAL FIBRILLATION

C-AB27-05
REPEAT RADIOFREQENCY ABLATION FOR ATRIAL
ARRHYTHMIAS IN PATIENTS WITH PRIOR HISTORY OF
PULMONARY VEIN STENOSIS AND PULMONARY VEIN
ANGIOPLASTY: CAN PULMONARY VEIN STENOSIS
PATIENTS BE REABLATED?

Danesh K. Kella, MBBS, Krishna Kancharla, MBBS, Deepak
Padmanabhan, MBBS, Paul Chacko, MBBS, Laura A. Peterson,
No Degree, Niyada Naksuk, MD, John Schleifer, MD, David O.
Hodge, MS, Erin A. Fender, MD, Robert J. Widmer, MD, PhD,
Kristi H. Monahan, RN, David R. Holmes, MD and Douglas
Packer, MD, FHRS. Mayo Clinic, Rochester, MN, Mayo Clinic St. Marys Campus, Rochester, MN, Mayo Clinic - St. Mary’s
Hospital, Rochester, MN
Background: Pulmonary vein stenosis (PVS) is an uncommon,
yet difficult to manage complication after pulmonary vein
isolation (PVI). Little is known about the outcomes of redo- PVI
in patients with prior history of PVI related PVS.
Objective: To examine the outcomes of redo-PVI in patients with
prior history of PVS who underwent pulmonary vein angioplasty
(PVA).
Methods: We retrospectively reviewed charts of consecutive
patients with PVS that underwent redo- PVI after PVA at Mayo
Clinic between 2000 and 2015.
Results: Over this time frame 124 referred or Mayo patients
developed PVS. Eight patients who had undergone prior
intervention, (5 were treated with balloon dilation and 3
required stenting) underwent repeat radiofrequency ablation
for symptomatic atrial arrhythmias (1-atypical flutter; 7- atrial
fibrillation). The mean age was 54.7 years (range 30-74

Shouvik K. Haldar, MD, MBBS, David G. Jones, MD, MBBS,
Toufan Bahrami, MD, FRCS, Anthony Desouza, MD, FRCS,
Sandeep Panikker, MBBS, PhD, Charles Butcher, MRCP,
Habib Khan, MBBS, Rashmi Yadev, MD, FRCS, Julian W. E.
Jarman, MD, MBBS, Rui Shi, MD, PhD, Eric Lim, MD, Tushar
V. Salukhe, MD, Eva Nyktari, MD, Raad Mohiaddin, MD, FRCP,
Wajid Hussain, MD, Vias Markides, MD, FRCP and Tom Wong,
MD. Royal Brompton & Harefield NHS Foundation Trust,
London, United Kingdom, Royal Brompton and Harefield NHS
Foundation Trust, London, United Kingdom, Royal Brompton
& Harefield Hospital NHS Foundation Trust, London, United
Kingdom, Harefield Hospital, London, United Kingdom, Royal
Brompton Hospital, London, London, United Kingdom, Royal
Brompton And Harefield NHS Foundation Trust, London, United
Kingdom
Background: Catheter ablation (CA) is increasingly used
as a treatment option for symptomatic atrial fibrillation (AF).
Single procedure results for paroxysmal AF are high but remain
suboptimal in long standing persistent AF (LSPAF), often
requiring multiple procedures.
Objective: Prospective study to compare electrophysiological
(EP) guided thoracoscopic surgical ablation (SA) on a beating
heart to percutaneous catheter ablation in patients with de-novo
LSPAF.
Methods: Fifty-one patients were recruited. In SA group, 26
patients underwent EP guided thoracoscopic SA. The pulmonary
veins (PV) were isolated using a bipolar RF clamp and a
posterior wall box lesion created using a linear ablation pen.
The LA appendage was resected in 11 patients. Bi-directional
conductance block was tested for all lesions intraoperatively
using two modalities by an independent electrophysiologist.
In the CA group, 25 patients underwent stepwise ablation: 1)
antral PVI; 2) linear ablation at the LA roof and mitral isthmus;
and 3) ablation of LA complex fractionated electrograms. 7-day
continuous ambulatory rhythm monitoring assessed rhythm
status at 3,6,9 and 12 months. Recurrence defined as any atrial
tachyarrhythmia lasting longer than 30 seconds outside 3-month
blanking window.
Results: Mean age 65±10 years, 67% male. No difference in
baseline characteristics between groups except duration of
continuous AF, which was greater in the SA group (24 vs. 18
months, p=0.04). At 12 months, single procedure freedom from
AF off AADs was higher in the SA group than in the CA group:
19/26 (73%) vs. 8/25 (32%); p=0.003. Intra-operative testing of
the SA lesion set by an electrophysiologist increased success
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by 19%. In the SA group the complication rate was 7/26 (27%)
driven predominantly by pulmonary related complications (e.g.,
pleural effusion, phrenic nerve damage and PV stenosis) vs.
2/25 (8%) in the CA group (p=0.07).
Conclusion: EP guided thoracoscopic SA as a first line
strategy can be performed safely in LSPAF with excellent single
procedure success rates as compared to CA with the caveat
of an increased upfront risk of non-fatal complications. As SA
techniques and tools evolve, this approach has the potential to
become a better alternative to CA in the treatment of LSPAF.

ABSTRACT PLUS C-AB28:
Improving Atrial Fibrillation Ablation Outcomes
Friday, May 12, 2017
1:30 PM - 3:00 PM

C-AB28-01
PROSPECTIVE ABLATION OF PERSISTENT ATRIAL
FIBRILLATION USING FORCE TIME INTEGRAL RESULTS
IN IMPROVED FREEDOM FROM FLUTTER
Daniel Melby, MD, Charles Gornick, MD, William Katsiyiannis,
MD, Raed Abdelhadi, MD, Jay Sengupta, MD, Joellyn Moore,
MD and Chuen Tang, MD. Minneapolis Heart Institute,
Minneapolis, MN

Background: Development of left atrial flutter (AFL) following
ablation for persistent atrial fibrillation is common and may
result from heterogeneous lesion formation. Ablation using a
prespecified target Force Time Integral (FTI) may provide a more
predictable method to achieve consistent lesion formation.
Objective: We sought to evaluate whether a prospective FTI
based ablation strategy versus standard ablation would reduce
the rate of recurrent AFL.
Methods: Consecutive patients who underwent first time
ablation for persistent atrial fibrillation (110pts) with minimum
6mos follow up were evaluated. Ablation was performed
for endpoint of AF termination in a stepwise fashion of PVI,
posterior LA, LA roof, CFAE, then mitral. Power was fixed at
35 watts and minimum 5g contact (Biosense SmartTouch).
All lines were tested for block. The initial patients had ablation
performed based on electrogram diminishment and a fixed time.
FTI patients had a prospective ablation target of 300gs for PV
antrum and CFAE, 350gs for LA roof, 700gs for lateral mitral
isthmus. Posterior ablation was limited to 10 sec and not guided
by FTI. Complication rates of acute coronary occlusion, cardiac
tamponade, and AE fistula were evaluated.
Results: Standard ablation was performed in 72 pts, (age 64.4)
and FTI ablation in 38 pts (age 64.1). Baseline characteristics of
standard ablation (84.7% male, HTN 65.3%, DM 20.8%, LA dim
4.5±0.6, LVEF 56.4%) compared to FTI ablation (76.3%male,
HTN 60.5%, DM 13.2%, LA dim 4.4±0.7cm, LVEF 53.8%) were
no different. Freedom from AF >3mos post ablation was 90.3%
in standard ablation and 94.7% in the FTI ablation (p 0.21).
Freedom from AFL in standard group occurred in 51.4%, and
78.9% in the FTI ablation (p 0.002). RF Time was higher in the
FTI group (3850 vs. 3280 sec p 0.006). Procedure duration was
not different (2.6hrs in both). Acute AF termination rate was
48.6% in the standard group vs. 55.3% FTI (p.51). Neither group
had acute complication or AE fistula.
Conclusion: In patients undergoing ablation for persistent atrial
fibrillation using a stepwise ablation, the prospective use of FTI
based ablation significantly reduced the rate of recurrent left
atrial flutter. There were no complications observed in either
group.
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C-AB28-02
LONG TERM OUTCOME AFTER CRYOBALLOON
ABLATION OF ATRIAL FIBRILLATION IN A SINGLE
CENTER: RESULTS FROM A PROSPECTIVE STUDY IN 1002
PATIENTS
Elodie Laurent, MD, Peggy Jacon, MD, Sandrine Venier, MD,
Nicolas Dayal, MD, Floriant Dugenet, MD, Alioune Tabane, MD
and Pascal Defaye, MD. Grenoble Alpes University Hospital,
Grenoble, France

Background: Catheter ablation of AF is an efficient and
recommended treatment in drug-refractory AF, especially
concerning paroxysmal or “short-standing” persistent AF.
Objective: The purpose of this study was to investigate longterm outcomes of freedom from AF after pulmonary vein isolation
using cryoballoon ablation.
Methods: Drug-resistant patients with documented symptomatic
paroxysmal (n=746) or persistent (n=256) AF underwent one
or several cryoballoon ablation procedures. We analyzed the
immediate and long-term procedural and clinical outcomes.
Recurrence was defined as a symptomatic or documented
arrhythmia episode of >30 seconds excluding a 3-month
blanking period.
Results: Among a cohort of 1002 patients, 783 (79.7%) were
free from AF at 3 months. End follow-up data was available
for 894 (89.3%) patients. Over a median period of 2.9 ± 1.3
years, 599 (61.0%) patients had no recurrence of AF after a
single procedure (success rate of 66% if paroxysmal AF, 47%
if persistent AF). The cumulative success rates after 2 and 3
repeat procedures were 76% and 78.2% respectively. Three
statistically significant predictors of recurrence were identified:
persistent AF (p<0.001), dilated left atrium (p=0.01) and
sedentary lifestyle (p=0.01). Complications were observed in 190
(16.2%) procedures, including 2.8% major complications and
14.5% minor complications. Phrenic nerve palsy was the most
frequent complication, persistent over 6 months after discharge
in 5 patients.
Conclusion: The pulmonary vein isolation using a cryoballoon
catheter was completed with a high rate of long-term success
and a low rate of major complications. Patients with dilated left
atrium, persistent AF or lack of regular physical activity had lower
AF-free survival rates.

C-AB28-03
CONVENTIONAL ELECTROGRAM MAPPING TO
CHARACTERIZE SITES AT WHICH PERSISTENT ATRIAL
FIBRILLATION IS TERMINATED BY LOCALIZED ABLATION
Junaid A. Zaman, MA, MBChB, Mahmood Alhusseini, MEng,
Tina Baykaner, MD, Christopher Kowalewski, MS, Ryan T.
Borne, MD, Sonia Busch, MD, Paul C. Zei, MD, PhD, Shirley
Park, MD, Mohan N. Viswanathan, MD, Paul J. Wang, MD,
William H. Sauer, MD, FHRS, Johannes Brachmann, MD,
PHD, FHRS, David E. Krummen, MD, John M. Miller, MD,
FHRS, Wouter-Jan Rappel, PhD, Sanjiv M. Narayan, MD,
FHRS and Nicholas S. Peters, MD, FHRS. Cedars Sinai,
Stanford University & Imperial College London, Palo Alto,
CA, Stanford University, Stanford, CA, UCSD, La Jolla,
CA, University of Colorado, Denver, CO, Klinikum Coburg,
Coburg, Germany, Stanford University, Medicine, Cardiac
Electrophysiology, Stanford, CA, Stanford University, Medicine,
Cardiac Electrophysiology, Palo Alto, CA, Univ of California
at San Francisco; Cardiac Electrophysiology Section, Seattle,
WA, University of Colorado, Aurora, CO, II Medizinische Klinik
Klinikum Coburg, Coburg, Germany, University of California,
San Diego, San Diego, CA, Indiana University School of
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Medicine, Indianapolis, IN, University of California, San Diego,
La Jolla, CA, University of California San Diego VA Medical
Center, San Diego, CA, Imperial College London - St Marys
Hospital, London, England, United Kingdom
Background: It is mechanistically unexplained how persistent
AF may terminate by localized ablation prior to pulmonary vein
isolation (PVI).
Objective: To test the hypothesis that sites at which localized
ablation terminated persistent AF have characteristics
identifiable on conventional mapping.
Methods: We recruited 57 patients with persistent AF
termination (fig A) undergoing ablation at 5 centers, in whom
localized ablation (fig B, area<3-4 cm2) terminated AF to sinus
rhythm or organized tachycardia. In each patient, we examined
unprocessed unipolar electrograms from 64-pole basket
catheters by marking each electrogram maximum -dV/dt (fig C),
constructing isochronal activation maps for multiple cycles and
computer modeling.
Results: All patients (n=57, age 63±10 yr, left atrial diameter
49±9mm, AF history 5.9±4.6 years, 100% persistent) had AF
termination by localized ablation prior to PVI (51% to sinus). At
sites of AF termination, activation sequence revealed repetitive
partial rotational circuits in 26/57 (45%) cases, complex transient
patterns in 17/57 (30%), and repetitive complete rotational
activity (fig D) or consistent focal sources in 14/57 (25%).
Simulations showed electrogram marking and heterogeneous
conduction as key factors.

Objective: The objective is to identify the clinical and procedural
predictors of recurrence of AF in patients with HCM.
Methods: Patients with HCM and AF who underwent CA at
Mayo Clinic between 1999 and 2016 were included. Outcome
was considered AF elimination if patients had no episode of AF
and considered AF control if they required an anti-arrhythmic
(AA) drug to maintain sinus rhythm (SR).
Results: Ninety one patients were identified. Mean age was
55 yrs with 77% men. Mean left ventricular ejection fraction
(EF) was 60.5%. Mean septal thickness was 18.2 mm and 20%
patients had surgical myectomy or alcohol septal ablation. Nine
percent patients had apical HCM and another 8% had midcavitary HCM. Forty percent patients had obstructive physiology
with a mean gradient of 33 mm Hg. Mean left atrial volume index
(LAVI) was 61cc/m2. Mean CHA2DS2VASc score was 1.4.
Persistent / long standing AF was present in 65% of patients.
Mean duration of AF was 6.4 yrs and patients failed an average
of 2 AA drugs. 55% patients had SR at the time of ablation.
77% patients had linear ablation (mean of 2.1 lines/patient) in
addition to PVI or WACA. Over a follow up of 2.8 ± 1 yrs, 1-yr
survival with AF elimination was 52% and AF control was 72%.
33% patients required repeat ablation. Patients with recurrences
had higher LAVI (67vs59 cc/m2, p=0.03), baseline rhythm as AF
at ablation (64vs38%, p=0.04), Septal thickness (20vs17mm,
p=0.008) and lower prevalence of myectomy (4vs26%, p=0.02)
and lower EF (58vs61%, p=0.04) compared to AF controls. The
effect of type of ablation within a specific AF type could not be
assessed due to paucity of patients without linear ablation.
Conclusion: In patients with HCM undergoing CA for drug
refractory AF, septal thickness, myectomy status predict long
term recurrences in addition to known predictors of LA size,
baseline rhythm, and EF. These results from large group may
have important implications for disease modifying therapy in
HCM patients. AF elimination in >50% patients despite the poor
predictors could be due to additional ablation beyond PVI and
WACA in HCM patients.

C-AB28-05

Conclusion: Activation mapping at sites of termination of
persistent AF showed, in order of prevalence, incomplete
rotational activity, occasional foci with complex patterns and
complete rotational circuits. In computer simulations, complete
rotational activation sequence may be revealed by reassignment
of local activation timing in segments of slow conduction. AF
mechanisms of termination require further investigation.

C-AB28-04
PREDICTORS OF LONG TERM OUTCOMES AFTER
CATHETER ABLATION FOR ATRIAL FIBRILLATION IN
PATIENTS WITH HYPERTROPHIC CARDIOMYOPATHY

Krishna Kancharla, MBBS, Danesh Kella, MBBS, Kristi H.
Monahan, RN, Gena L. Holten, RN, Niyada Naksuk, MD,
Deepak Padmanabhan, MBBS, Abhishek J. Deshmukh,
MBBS, William Schleifer, MD, Paul Chacko, MBBS, Samuel
J. Asirvatham, MD, FHRS, Yong-Mei Cha, MD, FHRS, Malini
Madhavan, MBBS, Siva K. Mulpuru, MD, Suraj Kapa, MD and
Douglas Packer, MD, FHRS. Mayo Clinic, Rochester, MN, Mayo
Clinic - St. Mary’s Hospital, Rochester, MN, Mayo Clinic - St.
Mary’s Campus, Rochester, MN
Background: Drug refractory atrial fibrillation (AF) is common
in patients with Hypertrophic cardiomyopathy (HCM). Catheter
ablation (CA) is safe and effective, but with a high recurrence of
AF in HCM.

UTILITY OF SIMULTANEOUS LEFT AND RIGHT ATRIAL
ANTI-TACHYCARDIA PACING FOR THE TERMINATION OF
ATRIAL FIBRILLATION DURING CATHETER ABLATION OF
ATRIAL FIBRILLATION
Shingo Maeda, MD, PhD, Masahiko Goya, MD, PhD, Yutaka
Enomoto, MEng, Masakazu Kaneko, MD, Shinya Shiohira, MD,
Takuro Nishimura, MD, Yasuhiro Shirai, MD, Osamu Inaba,
MD, Atsuhiko Yagishita, MD, Takeshi Sasaki, MD, PhD, Mihoko
Kawabata, MD, PhD and Kenzo Hirao, MD, PhD. Heart Rhythm
Center, Tokyo Medical and Dental University, Tokyo, Japan

Background: MINERVA trial reported atrial anti-tachycardia
pacing (A-ATP) has been shown to decrease the burden of atrial
fibrillation (AF).
Objective: We sought to evaluate the predictors of effective
A-ATP for terminating AF in patients with AF undergoing catheter
ablation.
Methods: This study included 25 consecutive patients
undergoing 1st ablation procedure for paroxysmal (PAF: n =
13) or persistent AF (PEF: n = 12). We prospectively evaluated
predictors of AF termination after A-ATP. The coefficient of
variation (CV = SD/mean×100) of the dominant frequencies
(DFs) were calculated to evaluate the degree of variability in
atrial activation.
Results: AF was terminated successfully by A-ATP in 46% of
PAF patients and 8% PEF patients. Simultaneous high-rate burst
pacing (SHRBP) from the coronary sinus (CS) and right atrium
(RA) terminated AF in 71% of patients. In successful patients,
mean AF cycle length (CL) before A-ATP were longer (214 ± 23
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vs. 177 ± 35 ms, P = 0.02), became slower after A-ATP (234
± 37 vs. 176 ± 32 ms, P < 0.01), and then terminated. (Case
1; SHRBP captured CS or RA alternately, and AF resulted in
organized stable tachycardia. Mean AF CL became slower and
red lines prolonged after A-ATP. Case 2; After A-ATP, AF resulted
in organized tachycardia and terminated by SHRBP.) CV of the
DF before A-ATP were lower in both CS (11.0 ± 7.9 vs. 24.3 ±
9.3, P < 0.01) and RA (6.2 ± 2.0 vs. 15.3 ± 7.9, P = 0.02).
Conclusion: Simultaneous A-ATP from RA and CS can
terminate AF in nearly half of patients with PAF and can be
attempted to restore sinus rhythm before cardioversion during
CA of AF. Characteristics of AF which predict successful
termination by A-ATP include longer AF CL and increased AF
stability.

ABSTRACT C-AB29:
New Insight Into Ablation Lesion Formation
Friday, May 12, 2017
1:30 PM - 3:00 PM

C-AB29-01
VISUALIZING DIFFERENCES IN RADIOFREQUENCY
ABLATION LESIONS IN SCAR, BORDER ZONE AND
NORMAL TISSUE WITH CARDIAC MAGNETIC RESONANCE
IMAGING
Susumu Tao, MD, PhD, Michael A. Guttman, MS, Sarah
Fink, BA, Hiroshi Ashikaga, MD, PHD, FHRS, Aravindan
Kolandaivelu, MD, Daniel A. Herzka, PhD and Henry R.
Halperin, MD, FHRS. Johns Hopkins University School of
Medicine, Baltimore, MD, Johns Hopkins Hospital, Baltimore,
MD

Background: A mechanism for recurrence of arrhythmias after
radiofrequency catheter ablation (RFCA) is incomplete ablation.
Assessment of the completeness of ablation is especially difficult
for scar based arrhythmias.
Objective: To examine RFCA around scar by cardiac magnetic
resonance imaging (CMR).
Methods: We performed electroanatomical mapping and RFCA
using a force-sensing catheter at 30W for 60sec in the leftventricles of 6 swine with chronic myocardial infarction. Noncontrast-enhanced T1-weighted (T1w) and delayed contrastenhancement (DCE) CMR after RFCA were compared to gross
pathology and histology.
Results: Of 46 lesions, 13 were in normal myocardium (NL,
voltage>1.5mV), 17 in the border zone (BZ, 0.5-1.5mV), and
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16 in scar (<0.5mV). All RFCA lesions hyperenhanced with
T1w CMR (Fig B: RFCA), but scar did not; whereas lesions
in scar couldn’t be distinguished with DCE as both tissues
hyperenhanced (Fig C: arrows). Lesion width and depth on
T1w CMR correlated with necrosis on pathology (R2=0.92;
p=0.01 and R2=0.87; p<0.01, respectively). CMR lesion volume
was significantly different in NL, BZ, and scar (393±109mm3,
129±60mm3, 75±57mm3, respectively) despite similar RFCA
power and duration. RFCA force-time integral, impedance
and voltage changes did not correlate with BZ or scar lesion
volume. Histology in the BZ and scar showed necrosis extended
into fibrotic tissue in 11 lesions, and beyond in 11 lesions. In 6
lesions, necrosis was around borders of fat within scar (Figure
G: 6,7,9).
Conclusion: T1w CMR can identify RFCA lesion necrosis in and
around scar. Use of such imaging may allow determination of the
completeness of ablation intra-procedure.

C-AB29-02
UNIPOLAR AND BIPOLAR RF ABLATION: THE IMPACT
OF TIP LOAD, RF DURATION, POWER AND INDIFFERENT
ELECTRODE SIZE ON TRANSMURALITY OF THE LESION
Artur Baszko, MD, Izabela Miechowicz, MD, Wojciech
Telec, MD, Piotr Kałmucki, MD, Piotr Iwachów, BSc, Karol
Kochman, MD, Jan Kłopocki, MD, Radosław Szymański,
MD, Stefan Ożegowski, MD and Andrzej Szyszka, MD, PhD.
2nd Department of Cardiology, Poznan University of Medical
Sciences, Poznan, Poland, Department of Informatics and
Statistics, Poznan University of Medical Sciences, Poznan,
Poland

Background: The recurrence rate after VT ablation can be
related to intramural location of reentrant circuits. The bipolar
ablation can result in better transmurality than unipolar one,
however little is known on best RF settings.
Aim of the study was to compare unipolar (UA) and bipolar
ablation (BA) with different parameters in achieving transmural
lesion in vitro (porcine interventricular septum 15,2±1,7mm).
Methods: The Thermocool electrode was used for ablation.
Celcius (4 and 8mm) electrode was connected with indifferent
receptacle of the RF generator for BA. Tested RF settings: tipload (10g and 20 g), power (30W, 40W) and RF duration (30s,
60s, 90s). The scar was measured: diameter of scar entry (D_
En), exit (D_Ex), total depth of the scar (TDS) and transmurality
of the lesion.
Results: BA created bigger scars in comparison to UA for all
settings: D_En: 7,5±3,4 vs 8,1±2,4mm (p=0,4), D_Ex- 8,0±2,4 vs
0,4±1,3mm (p<0,001), TDS: 7,2±2,2 vs 11,4±3,4mm (p<0.001)
Transmurality was achieved in 2% of UA and 42% in BA,
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(p<0,001). In BA, higher tip load resulted in bigger D_En (8,6±2,4
vs 6,7±3,5mm, p <0.001), similar D_Ex (5,4± 4,1vs 5,5±4,2,
p=0,8) and TDS 10,8±3,4 vs 9,3±3,6mm, p=0,03). Transmurality
was obtained in 37% with 20g and 20% with 10g tip pressure
(p=0,05). The RF duration (30s, 60s, 90s) corresponded to scar
size (p<0,001). Transmurality was achieved in 5%, 39% and
42% of cases (p<0,001). The size of dispersive electrode gave
similar D_En and D_Ex, but TDS was significantly bigger for
8mm tip (p=0,02). Transmurality was obtained in 22% of cases
with 4mm and in 61% with 8mm electrode (p<0,001). The power
had no effect on the transmurality (30% vs 28%, p=ns). Steam
pop was significantly more common in 8mm indifferent electrode,
with higher tip load and power but never resulted in perforation
nor transmurality. Logistic regression analysis identified the best
parameters settings to obtain transmurality: 20g tip load, 8mmtip indifferent electrode and 90 sec RF duration (probability of
transmurality: 97,6%).
Conclusion: We conclude that BA is more effective than UA
in achieving transmural lesion. The optimal setting for BA have
been proposed based on the RF duration (60-90s), tip load
(20g) and 8mm size of indifferent electrode, with no gain from
increasing the RF power.

C-AB29-03
HIGH POWER SHORT DURATION RADIOFREQUENCY
CATHETER ABLATION FOR ATRIAL FIBRILLATION:
SAFETY AND ACUTE PROCEDURAL OUTCOMES

Emerson Liu, MD, George Shaw, MD, William Belden, MD and
Amit J. Thosani, MD. Allegheny General Hospital, Pittsburgh,
PA
Background: Lesion generation in conventional atrial fibrillation
(AF) ablation typically relies on 20 to 40W of radiofrequency
(RF) energy delivered over 20 to 40 seconds. Higher power
RF ablation (up to 50W) has also been shown to be safe and
effective for transmural lesion creation. The optimal ablation
settings with respect to safety, efficacy, and lesion durability have
not been proven.
Objective: We compared safety and acute procedural metrics
in conventional versus high power, short duration RF ablation in
patients undergoing 1st time AF ablation.
Methods: 79 consecutive patients were studied prospectively in
nonrandomized fashion. Conventional RF settings were used for
the first 38 patients, and high power, short duration parameters
(50W for 5-7 seconds) used for the subsequent 41 patients.
Pulmonary vein (PV) isolation times, single pass success rates
for left and right PVs, and acute reconnections were tracked.
Internal esophageal temperatures were monitored with a probe
dynamically positioned at the level of ablation.
Results: Single pass isolation was achieved in 78% of PVs in
both groups, with total ablation time significantly less in the high
power group (67 vs 81 min, p=0.03). More acute reconnections
were noted in the high power group (25% vs 13%, p=0.18),
possibly reflecting a requirement for additional lesion overlap.
Vagal responses during ablation were observed equally in both
groups (30%). No serious complications, including pericardial
effusion or tamponade, occurred in either group. The incidence
of post-procedure pericarditis was not significantly different.
A non-statistically significant trend towards less esophageal
heating (Tmax-Tbaseline) was noted in the high power group (1.7oC
vs 2.0oC, p=0.17).
Conclusion: Catheter ablation of AF using high power,
short duration RF energy can be accomplished safely and
efficaciously, with significant reduction in procedural times.
Further investigation is needed to optimize techniques to
minimize acute reconnections. Longer term follow up will be
required to determine lesion durability and procedural success.

C-AB29-04
ELECTRICAL IMPEDANCE OF THE FLUID ENVIRONMENT
SURROUNDING AN ABLATION CATHETER TIP WILL
AFFECT DELIVERY OF RADIOFREQUENCY CURRENT AND
ABLATION LESION CHARACTERISTICS
Duy T. Nguyen, MD, FHRS, Joseph L. Schuller, MD, Wendy S.
Tzou, MD, FHRS, Matthew M. Zipse, MD, Lijun Zheng, MS and
William H. Sauer, MD, FHRS. University of Colorado, Aurora,
CO, University of Colorado Denver, Aurora, CO, University of
Colorado Hospital, Denver, CO

Background: The electrical conductivity of the environment
surrounding a catheter electrode may affect radiofrequency (RF)
current. A higher impedance environment enveloping a catheter
tip can be insulating and thus direct RF current preferentially into
targeted cardiac tissue.
Objective: We sought to evaluate whether different
environmental impedances will affect RF ablation lesion
characteristics.
Methods: Using an in vivo porcine thigh prep model, warmed
heparinized blood was circulated at 350 mL/min. Prior to
performing ablation experiments, the electrical impedance of
the circulating bath was altered using dilutions with variable
concentrations of normal (0.9%; NS) and half normal (0.45%;
HNS) saline. RF was applied at 30W for 20 seconds with
constant force, as measured by a force-sensing, open irrigated
RF catheter.
Results: For RF applications in the high impedance (HNS) bath,
the initial and final impedances were higher, and the impedance
reductions during ablation were larger, compared to RF applied
in the low impedance (NS) bath (Figure). In vivo ablation within
a higher impedance bath created larger lesion sizes, compared
to those in a lower impedance bath, 222.4±63.4 mm3 vs.
135.4±61.7 mm3 (p <0.001). There were no differences in steam
pops or temperatures.
Conclusion: A higher impedance fluid environment surrounding
an RF catheter can facilitate more effective RF delivery and
thereby increase ablation lesion size. This may have implications
for RF ablation safety and efficacy, especially in the epicardial
space where pericardial fluid can be altered by open irrigation
with ionic fluids during ablation or with direct infusion of variable
ionic solutions.
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C-AB29-05
INCREASING RADIOFREQUENCY ABLATION (RFA)
POWER IS MORE EFFECTIVE TO CREATE LARGER
LESION VOLUMES THAN EXTENDING RFA DURATION
TIME

Duy T. Nguyen, MD, FHRS, Matthew M. Zipse, MD, Ryan T.
Borne, MD, Wendy S. Tzou, MD, FHRS, Joseph L. Schuller, MD,
Lijun Zheng, MS and William H. Sauer, MD, FHRS. University of
Colorado, Aurora, CO, University of Colorado Hospital, Denver,
CO, University of Colorado Denver, Aurora, CO
Background: During radiofrequency ablation (RFA) of
arrhythmogenic myocardial tissue, increasing power delivery or
prolonging RFA duration can improve RF efficacy. However, the
optimal strategy for creating greater lesion size - higher powers
or longer RFA duration - is less well known.
Objective: We sought to determine whether increasing RFA
power or extending RFA time is more effective.
Methods: An ex vivo model consisting of viable bovine
myocardium in a circulating warmed saline bath was used. An
open irrigated RFA catheter was positioned with 10 grams of
force in the perpendicular position. RFA was delivered at powers
of 20W, 30W, 40W, and 50W and for 15-second (s) intervals, up
to a total of 90 s, at each power. Lesion volumes were analyzed.
Results: Predictably, greater power delivery or longer RF
time will increase ablation lesion size. However, compared to
a proportional change in RF duration, the same proportional
increase in power will produce a significantly larger lesion
volume (p < 0.01, Figure). Higher powers for shorter duration
created larger ablation lesions than lower powers for longer
duration. If force were held constant, lesion size would increase
proportionally to power x ½ (duration of ablation).
Conclusion: In our ex-vivo model, power uptitration had a
greater effect on creating larger lesion sizes, compared to the
same proportional increase in RF duration. This phenomenon
may have important implications during longer ablation
procedures, such as pulmonary vein isolation, or for refractory
myocardial tissues, such as those responsible for certain
ventricular arrhythmias.
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during energy delivery. Clinically available predictive algorithms
(St. Jude Medical) include the Force-Time Integral (FTI) and
Lesion Size Index (LSI). Acoustic Radiation Force Impulse
Elastography (ARFIE) is an ultrasound based technique,
adapted to an intracardiac ultrasound system (8F Accunav/
SC2000, Siemens Healthcare), that has been shown to provide
near real-time assessment of RFA lesions in situ based on
changes in tissue stiffness.
Objective: To compare FTI and LSI prediction of RFA lesion
delivery with lesion sizes measured intra-procedurally using
ARFIE.
Methods: RFA lesions, delivered with pre-determined CF,
powers, and times (Tacticath,St. Jude Medical) during clinically
indicated AF ablations, were evaluated using ARFIE. Lesion
size was determined by planimetry of the 2D ARFIE image
(Figure). Associations were assessed with Pearson correlation
coefficients.
Results: The mean area ± SD of study lesions (n=11) was
9±5mm2 and the range was 2-18mm2. A strong correlation was
observed between lesion area and max impedance drop (r=0.77,
p=0.0057) and a modest correlation was observed between
lesion area and LSI (r=0.60,p=0.05). No significant correlation
was observed between lesion area and mean contact force
(r=0.47, p=0.14) or FTI (r=0.48,p=0.13).
Conclusion: Impedance changes and LSI predict ARFIE
defined lesion size. In contrast, FTI and mean CF are poor
predictors of lesion size. Incorporation of impedance changes
into CF based algorithms may improve lesion size prediction.

ABSTRACT C-AB30:
Anticoagulation for Atrial Fibrillation: Current
Strategies and Device-Based Approaches
C-AB29-06
A COMPARISON OF RADIOFREQUENCY ABLATION
CONTACT FORCE-BASED PREDICTIVE ALGORITHMS
WITH INTRA-PROCEDURAL LESION SIZING VIA
ACOUSTIC RADIATION FORCE IMPULSE ELASTOGRAPHY
IN HUMANS

Daniel J. Friedman, MD, Young-Joong Kim, BEng, Patrick Wolf,
PhD and Tristram D. Bahnson, MD, FHRS. Duke University,
Durhamn, NC, Duke University Medical Center - Duke University
Hospital, Durham, NC
Background: The size of radiofrequency ablation (RFA) lesions
is typically inferred based upon parameters such as contact
force (CF), power, time, and impedance, which are measured
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C-AB30-01
HOW COMPLIANT ARE PHYSICIANS WITH ACC/AHA
ANTICOAGULATION PERFORMANCE MEASURES FOR
MANAGEMENT OF PATIENTS WITH NON-VALVULAR
ATRIAL FIBRILLATION?

Peter Cormier, BA, Nayan K. Desai, MD and Andrea M. Russo,
MD, FHRS. Cooper Medical School of Rowan University,
Camden, NJ, Cooper University Hospital, Camden, NJ
Background: Performance measures are based on practice
guidelines and developed as tools for quality measurement and
improvement.

S73
Objective: To determine the difference in compliance with
ACC/AHA anti-coagulation performance measures for patients
with Non-Valvular Atrial Fibrillation (NVAF) among attending
cardiologists and cardiology fellows.
Methods: Retrospective outpatient chart review was performed
on patients with NVAF from January 2012 to June 2015 from a
university cardiology practice. Documentation of the following
was assessed: (1) thromboembolic risk factor assessment
(CHADS2 or CHADS-VASC score) and (2) prescription of oral
anticoagulants for patients with a score greater than or equal to
2 or contraindications to treatment. Investigators calculated risk
scores independently to identify patients at risk.
Results: 232 charts were reviewed. 120 patients were managed
by an attending cardiologist and 112 patients by a fellow.
The mean age was 74.0 yrs and 51% were female. Warfarin
was the most prescribed anticoagulant (74%) followed by
Rivaroxaban (14%) and Dabigatran (12%). Reasons for nonprescription included bleeding (71%), refusal (25%) and fall
risk (4%). Fellows were more compliant than attendings with
documentation of thromboembolic risk factors.
Conclusion: Although compliance with quality measures for
anticoagulation performance measures for thromboembolic risk
assessment was poor, prescription of appropriate anticoagulation
therapy or documentation of contraindications was good. The
advent of pay-for-performance initiatives makes the education of
physicians about proper documentation essential.
Table outlining compliance with performance measures
# pts managed by
attending cardiologist
Compliance with performance
39/120 (33%)
measure-1
Compliance with performance
58/65 (89%)
measure-2
Anticoagulation prescription in pts with
49/65 (75%)
score >2
Documentation of contraindication for
9/65 (14%)
non-prescription of anticoagulant

# pts managed by
cardiology fellow
61/112 (54%)
77/79 (97%)
67/79 (85%)
10/79 (13%)

C-AB30-02
IS ORAL ANTICOAGULANT NECESSARY FOR THE VERY
ELDERLY (AGE ≥90 YEARS) PATIENTS WITH ATRIAL
FIBRILLATION?

Tze-Fan Chao, MD, Gregory Y.H. Lip, MD and Shih-Ann
Chen, MD. Taipei Veterans General Hospital, Taipei, Taiwan,
University of Birmingham, Birmingham, United Kingdom, Taipei
Veterans General Hospital/National Yang-Ming University,
Taipei, Taiwan
Background: Atrial fibrillation (AF) is a disease of the elderly,
and stroke prevention with oral anticoagulants (OACs) is the
cornerstone for the AF management. However, data about
the risks of stroke and intra-cranial hemorrhage (ICH) and the
benefits of OACs among patients aged >90 years are limited.
Methods: This study used the “National Health Insurance
Research Database” in Taiwan. Risks of ischemic stroke and
ICH were compared between 15,756 AF and 14,658 non-AF
patients aged ≥90 years. AF patients were divided into 3 groups
(no treatment, anti-platelet agents and warfarin), and the risks of
stroke and ICH were analyzed.
Results: Compared to patients without AF, AF patients had
an increased risk of ischemic stroke (hazard ratio [HR] 1.83,
p<0.001) and similar risk of ICH (HR 1.12, p=0.364) in competing
risk analysis for mortality. Among AF patients, warfarin use was
associated with a significant reduction of stroke risk (HR 0.83
in a competing risk model, p = 0.025), with no difference in ICH
risk compared to non-treatment (Figure). When compared to

no antithrombotic therapy or antiplatelet drugs as the reference
groups, warfarin showed a positive net clinical benefit (NCB).
These findings persisted in a propensity matched analysis.
Conclusion: Even among very elderly (age ≥90) patients, AF
was still associated with an increased risk of ischemic stroke.
Among AF patients, warfarin showed a significant risk reduction
in ischemic stroke and positive NCB. Thus, elderly patients
should not be denied OAC as thromboprophylaxis, which would
help reduce the burden of stroke in these patients.

C-AB30-03
DEMENTIA RATES INCREASE WITH DELAYS IN INITIATION
OF ANTICOAGULATION TREATMENT FOR ATRIAL
FIBRILLATION
T. Jared Bunch, MD, Heidi T. May, PhD, Tami L. Bair, RN, Brian
G. Crandall, MD, Michael J. Cutler, DO, PhD, John D. Day, MD,
FHRS, Victoria Jacobs, PhD, Charles Mallender, MD, Jeffrey
S. Osborn, MD, Scott M. Stevens, MD, J. Peter Weiss, MD,
MSc and Scott C. Woller, MD. Intermountain Medical Center,
Murray, UT, Intermountain Medical Center, Salt Lake City, UT,
Intermountain Heart Rhythm Specialists, Salt Lake City, UT

Background: Atrial fibrillation (AF) increases the risk of
dementia. Poor control of anticoagulation is a key risk factor
for the development of dementia. This study was undertaken
to determine if delays in anticoagulation initiation for AF, which
often occur, increase long-term risk of dementia.
Objective: N/A.
Methods: 26,189 patients with AF, no history of anticoagulation
use at diagnosis, and without a history of dementia were studied.
Patients were placed into groups according to the time from
AF diagnosis to the start of antithrombotic therapy—immediate
start (<30 days from diagnosis) and delayed start (>30 days
from AF diagnosis). Further analysis was performed based
on concomitant use of an antiplatelet (n=21,781) or warfarin
anticoagulation alone (n=4408). Incident dementia was the
primary endpoint.
Results: The average age was 69.2±12.7 years and 56.8%
were male. Risk factors included: hypertension (55.2%),
diabetes (21.5%), heart failure (23.3%), and stroke/TIA (6.2%).
Immediate start (aspirin or warfarin) occurred in 43.6% of the
patients. Risk of dementia was correlated with drug therapy and
time delay (aspirin p-trend=0.002, warfarin p-trend=0.08, Figure).
If antithrombotic therapy was not started within 30 days versus
1 year, multivariate adjusted risk of dementia increased: hazard
ratio (HR): 1.63, p=0.05 and with relative risk directly associated
with baseline risk (CHADS2 Vasc 0-1: HR: 1.30, p=0.75, 2-4:
HR: 1.50, p=0.19, >5: HR: 2.36, p=0.07).
Conclusion: Delays in initiating antithrombotic therapy,
in particular warfarin anticoagulation, can increase risk of
dementia. CHADS2 Vasc score can be used to identify those at
highest risk of cognitive decline with therapy delay.
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C-AB30-05
INTERMITTENT ANTICOAGULATION GUIDED BY
CONTINUOUS ATRIAL FIBRILLATION BURDEN
MONITORING USING DUAL CHAMBER PACEMAKERS
AND IMPLANTABLE CARDIOVERTER-DEFIBRILLATORS RESULTS FROM THE TAILORED ANTICOAGULATION FOR
NON-CONTINUOUS ATRIAL FIBRILLATION (TACTIC-AF)
PILOT STUDY

C-AB30-04
PRACTICE GAP IN AF ORAL ANTICOAGULATION
PRESCRIBING AT EMERGENCY DEPARTMENT
DISCHARGE

Bory Kea, MD, Amber L. Linn, MS, Luke Welle, BS, Andew Sill,
BA, Bethany Waites, BA and Benjamin Sun, MD, MSc. Oregon
Health Sciences University, Portland, OR, Oregon Health
Sciences University, Portland, OR
Background: Current AHA guidelines recommend oral
anticoagulation (OAC) to reduce stroke risk in patients with
high-risk AF. US Emergency Department (ED) OAC prescribing
adherence after an AF diagnosis are unknown.
Objective: To characterize ED OAC prescribing practices after
an ED AF diagnosis.
Methods: Retrospective study from 2012 to 2014 at a tertiary
care hospital of patients with a primary ED diagnosis of AF
(ICD-9 427.31), age ≥18, and discharged from the ED. Four
hypothesis-blinded medical students abstracted data from
electronic medical records directly into a standardize electronic
form, REDCap. Each abstractor was trained on data collection
procedures and definitions. Inter-rater reliability was κ ≥ 0.9
with percent agreement of ≥ 90% . The primary outcome
was provision of an OAC prescription at discharge. Patient
problem lists and medical history were used to assess stroke
(CHA2DS2-VASc) and bleeding risk (HAS-BLED). Descriptive
statistics and multivariable logistic regression assessed
independent associations between OAC prescription and patient
characteristics.
Results: In 1,525 patients with an ED diagnosis of AF, 415
had a primary diagnosis of AF, and 216 were discharged from
ED. Of those discharged who were OAC naive (n=75), 64%
(n=48) were low-risk (CHA2DS2-VASc=0 in males and 1 in
females), 13.3% (n=10) were moderate-risk (CHA2DS2-VASc=1
in males), and 22.7% (n=17) were high-risk (CHA2DS2-VASc≥2)
for stroke. 40% (n=8) of patients with moderate-high stroke risk
with low-moderate bleeding risk (HAS-BLED≤3) (n=20) were
not prescribed an OAC at discharge. A multivariable analysis
found that age, sex, stroke risk, bleeding risk, insurance
status, and disability were not significant predictors of an ED
provider prescribing an OAC to an OAC naïve AF patient at ED
discharge.
Conclusion: Of moderate-high stroke risk AF patients with lowmoderate bleeding risk, 40% did not have an OAC prescribed by
the ED and no clear patient factors predicted OAC prescribing
habits. These data suggest provider barriers to OAC prescribing
and that guideline-recommended OAC prescribing for AF
patients at ED discharged can be improved.

Jonathan W. Waks, MD, Rod S. Passman, MD, Amit J. Thosani,
MD, Theofanie Mela, MD, David Pederson, MD, Taya Glotzer,
MD and Peter J. Zimetbaum, MD. Beth Israel Deaconess
Medical Center, Boston, MA, Northwestern Memorial Hospital,
Dept of Cardiology, Chicago, IL, Allegheny General Hospital,
Pittsburgh, PA, Massachusetts General Hospital, Boston, MA,
STAR Clinical Trials, San Antonio, TX, Hackensack University
Medical Center, Hackensack, NJ
Background: In patients with atrial fibrillation (AF) and
thromboembolic risk factors, chronic anticoagulation (AC) is
recommended regardless of AF episode duration or frequency.
During long periods of sinus rhythm, however, thromboembolic
risk is presumably reduced while bleeding risk persists.
Continuous cardiac rhythm assessment with dual chamber
pacemakers (PMs) or implantable cardioverter-defibrillators
(ICDs) and use of rapid acting novel oral anticoagulants
(NOACs) may allow AC only around the time of AF episodes,
thereby reducing bleeding events without increasing stroke risk.
Objective: To evaluate the feasibility and safety of intermittent
AC with NOACs guided by continuous remote AF monitoring via
dual chamber PMs and ICDs.
Methods: Patients with non-permanent AF, NOAC use, a
CHADS2 score of ≤3, a St. Jude Medical dual chamber PM or
ICD with remote monitoring capabilities, and rare AF episodes
(≤6 min of continuous AF per episode and total daily AF burden
≤30 min for 30 continuous days) were enrolled in a multicenter,
single-arm study and followed with bi-weekly and AF-alert
based remote transmissions. Patients who were free of AF
episodes lasting ≥6 min with a total daily AF burden of <6 hrs
per day for 30 consecutive days discontinued NOAC. If a patient
experienced an AF episode lasting >6 min or had a total daily
AF burden >6 hrs, NOAC was restarted and/or continued until
the patient met criteria for discontinuation. Total days on NOAC
and adverse events including death, stroke, and bleeding were
assessed.
Results: Among 48 patients (mean age 71.3 ± 10.2 yrs,
65% male, 79% paroxysmal AF, 35% CHADS2 score 1, 52%
CHADS2 score 2) 14,408 days of monitoring were completed.
Patients were on NOACs for 3,704 days, representing a
74.3% reduction in time on AC compared to chronic NOAC
administration. Adverse events included 2 gastrointestinal
bleeds (both on NOAC), 1 fatal intracerebral bleed (off NOAC),
and 1 death due to pneumonia (on NOAC). There were no
thromboembolic/stroke events.
Conclusion: Among patients with rare AF episodes and
moderate stroke risk, PM/ICD guided NOAC administration is a
feasible alternative to chronic AC and decreased AC utilization
by 74% with few adverse events. Future studies evaluating
device tailored AC are warranted.
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C-AB30-06
USE OF ORAL ANTICOAGULATION FOLLOWING
REMOTE MONITORING ALERTS FOR ATRIAL
FIBRILLATION: INSIGHTS FROM THE VETERANS HEALTH
ADMINISTRATION

Lucas Marzec, MD, Paula Langner, MS, Gary Grunwald, PhD,
Paul D. Varosy, MD, FHRS, Jehu Mathew, MD, Ryan Borne, MD
and P. Michael Ho, MD, PhD. University of Colorado Hospital,
Aurora, CO, Denver VA Medical Center, Denver, CO, University
of Colorado Anschutz Medical Center, Aurora, CO, Denver
VAMC - University of Colorado, Denver, CO, Unviersity of
Colorado Anschutz Medical Campus, Aurora, CO
Background: Atrial fibrillation (AF) is a frequent reason for
remote monitoring (RM) transmissions from implantable
cardioverter-defibrillators (ICDs). However, little is known about
oral anticoagulation (OAC) initiation following RM AF alerts.
Objective: To assess the rate of OAC initiation within 60 days of
RM AF alert and assess the extent of hospital variation in OAC
initiation rates.
Methods: We analyzed data from 8,092 patients with CHADSVASc >1 and a dual-chamber ICD or combined cardiac
resynchronization therapy and ICD enrolled in a RM program
through the Veterans Affairs (VA) National Cardiac Device
Surveillance Program. We excluded patients taking OAC prior to
RM enrollment. We calculated the rate of OAC use pre and post
RM AF alert. A Cox proportional hazards model with hospital
random effect was then used to estimate the effect of RM AF
alert on OAC initiation and assess for hospital variation OAC
initiation rates.
Results: A total of 2003 (24.8%) patients had a RM AF alert, of
whom 1544 had no prior AF diagnosis. Patient characteristics
are presented in the Table. Only 81 (5.2%) patients were started
on OAC within 60 days of RM AF alert. The adjusted hazard ratio
of OAC initiation post RM AF alert was 4.7 (95% CI 3.68-6.01,
p<0.01). There was significant hospital variation in the rate of
OAC initiation (Median Hazard Ratio 1.17).
Conclusion: We found a very low rate of initiation of OAC
within 60 days of RM AF alert, and there was significant hospital
variation in the rate of OAC initiation. Further work is needed to
understand the factors associated with care processes following
RM AF alerts.

ABSTRACT C-AB31:
Channelopathies - Identification, Risk
Stratification, Clinical Observations
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C-AB31-01
PROGNOSTIC SIGNIFICANCE OF THE SHANGHAI SCORE
SYSTEM FOR DIAGNOSIS OF BRUGADA SYNDROME IN
ASIAN PEOPLE

Satoshi Kawada, MD, Hiroshi Morita, MD, PhD, Atsuyuki
Watanabe, MD, Motomi Tachibana, MD, Yoshimasa Morimoto,
MD, Koji Nakagawa, MD, Nobuhiro Nishii, MD and Hiroshi
Ito, MD, PhD. Okayama Univ Graduate School of Medicine,
Cardiology, Okayama, Japan, Okayama Univ, Okayama, Japan
Background: J-Wave Syndromes Consensus Report proposed
diagnosis of Brugada syndrome (BrS) by calculating the
points score of the findings of ECG and clinical characteristics.
Diagnosis of possible/definite BrS is made when the score is
≥3.5, but the significance of the score has not been evaluated.
Methods: We analyzed the point score in 463 patients with
Brugada-type ECGs (asymptomatic: n=319, syncope: n=121,
VF: n=23).
Results: Seventy-five percent of the patients met the possible/
definite BrS and seventeen percent had high score ≥5.5. During
follow-up (91±64 months), 42 patients experienced VF. The
risk for VF was distributed according to the grade of the score:
VF event was rare in low-score patients, whereas it increased
significantly in high-score patients.
Conclusion: The Score System for diagnosis of BrS can be
used as a risk stratification tool.

C-AB31-02
SPECTRUM OF CLINICAL PHENOTYPES AND GENOTYPES
AMONG PATIENTS WITH VARIANTS OF UNCERTAIN
SIGNIFICANCE IN THE RYR2 GENE: A SINGLE
INSTITUTION’S EXPERIENCE
Austin M. Kane, MD, Linda M. Knight, MS, Margaret J. Strieper,
DO and Peter S. Fischbach, MD. Emory University, Atlanta,
GA, Sibley Heart Center Cardiology, Atlanta, GA, Children’s
Healthcare of Atlanta - Emory University, Atlanta, GA

Background: Pathogenic variants in the RYR2 gene, which
encodes the ryanodine receptor, underlie catecholaminergic
polymorphic ventricular tachycardia (CPVT). Arrhythmogenic
cardiomyopathy and HCM have also been associated with RYR2
variants. Genetic testing can help establish a definitive diagnosis
of channelopathies and cardiomyopathies, but can also yield a
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variant of uncertain significance (VUS) which neither confirms
nor refutes a diagnosis. Many RYR2 variants are classified as
VUS, making interpretation of these results challenging. With
growing literature on novel variants identified in the RYR2
gene coupled with clinical information, existing VUS can be
reclassified as pathogenic or benign variants.
Objective: To report the spectrum of clinical phenotypes and
genotypes present among patients with VUS in the RYR2 gene
at a single institution.
Methods: We performed a retrospective chart review of patients
and their family members with a VUS in the RYR2 gene seen
by the arrhythmia service. Genetic testing was performed
between 1/09 and 12/16. Genetic test results were linked with
demographics, symptoms, ECG and Holter findings, imaging
findings, exercise stress test data, EP study data, and therapy.
We performed descriptive statistics to summarize the data.
Results: There were 28 patients identified with a VUS in
the RYR2 gene. Among these patients there were multiple
clinical phenotypes observed: CPVT (13), arrhythmogenic
cardiomyopathy (1), HCM (3), sudden cardiac arrest (1), AF
and frequent PVCs (1), unaffected (7), and inconclusive (2).
There was a male preponderance of 61% (17/28). The median
age at time of genetic testing was 10 years (range 1-44 years).
There were 15 different VUS identified in the cohort with 13 of
them novel variants. At least one other family member shared
the same VUS in 79% (22/28) of patients. Sixty-one percent
(17/28) of patients took antiarrhythmic medications, 29%
(8/28) underwent ICD implantation, and 1 patient underwent
pacemaker implantation.
Conclusion: A variety of phenotypes exist among patients with
RYR2 VUS, including arrhythmogenic cardiomyopathy, HCM,
and sudden cardiac arrest, in addition to CPVT. Like the SCN5A
gene, the RYR2 gene appears to underlie a wide spectrum of
disease.

C-AB31-03
PREGNANCY OUTCOMES IN FAMILIAL LQTS: A STUDY
FROM 7 INTERNATIONAL CENTERS

Bettina F. Cuneo, MD, Heikki Swan, MD, PhD, Sally-Ann Clur,
MBChB, PhD, Arthur A. Wilde, MD, PhD, Ulrike Herberg, MD,
PhD, Annika Winbo, MD, PhD, Annika Rydberg, MD, Kristina
Haugaa, MD, Susan Etheridge, MD, Federica Dagradi, MD
and D. Woodrow Benson, MD, PhD. The Heart Institute of
Children’s Hospital Colorado, Aurora, CO, Helsinki University
Hospital, Helsinki, Finland, The University of Amsterdam,
Amsterdam, Netherlands, University of Amsterdam, Amsterdam,
Netherlands, University of Bonn, Bonn, Germany, Umea
University, Umea, Sweden, University of Oslo, Oslo, Norway,
The University of Utah, Salt Lake City, UT, University of Pavia/
Fondazione IRCCS Policlinico San Matteo, Pavia, Italy,
Children’s Hospital of Wisconsin, Milwaukee, WI
Background: LQTS is an autosomal dominant inherited
channelopathy that occurs in ~ 1/2000. Yet little is known
regarding pregnancy outcomes.
Objective: To discuss pregnancy outcome in familial Long QT
syndrome (LQTS).
Methods: Prospective data were collected at 7 international
centers from pregnancies with a known parental mutation in
KCNQ1, KCNH2 or SCN5A. Obstetrical and medical histories,
including outcome of previous pregnancies, delivery data and
postnatal genetic and ECG results were reviewed. Differences
between LQTS+ and LQTS- offspring were compared by t-test.
Results: Prospective data were obtained from 71 women in 51
LQTS + families: 44 KCNQ1, 18 KCNH2, 10 SCN5A. Seventy
one % of LQTS + parents were mothers; 87% were treated
with beta blockers during pregnancy. Second ° AV block and/
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or ventricular tachycardia) were detected in 2 KCNH2 fetuses.
Infants were delivered at 38.5 ± 2.6 weeks gestation by
spontaneous vaginal delivery (79%), elective (17%) or emergent
(4%) cesarean section. Delivery age (38.27±2.51 vs. 38.35 ±
3.3 weeks) and birth weight (3.0 ± 0.7 vs. 3.1 ± 0.8 kg) were
similar between LQTS+ and LQTS- infants. On postnatal ECG
performed within 24 hours, LQT+ and LQT- QTc and heart rates
differed significantly (497 ± 72 vs. 437 ± 23 ms, p=< 0.01 and
120 ± 22 vs. 135 ± 20 bpm, p=0.03). The family mutation was
found in 64% of offspring. Obstetrical history among the cohort
identified 59 previous pregnancies in 28 mothers; 29% of these
previous pregnancies ended in fetal demise. Outcomes of
previous pregnancies are shown in table.
Conclusion: Most infants with a family history of LQTS can be
delivered electively at term. Despite infrequent documentation
of life-threatening arrhythmias in LQTS fetuses, the incidence of
fetal demise in prior LQTS pregnancies was double that of the
general population. We speculate that increased surveillance for
fetal arrhythmia in LQTS pregnancies may improve outcome and
elucidate the mechanism of fetal demise in LQTS.

C-AB31-04
BRUGADA SYNDROME IN WOMEN

Vincent Probst, MD, Jean Baptiste Gourraud, MD, PhD, Aurelie
Thollet, PharmD, PhD, Jean Briand, MD, Romain Tixier,
MD, Pauline Berthome, MD, Olivier Geoffroy, MD, Gabriel
Laurent, MD, Jean Luc Pasquié, MD, Jacques Mansourati,
MD, Dominique Babuty, MD, Nathalie Behar, MD, Béatrice
Guyomarch, MASc, Frederic Sacher, MD, PhD and Philippe
Mabo, MD. l’Institut du Thorax, Nantes, France, CHU de
Rennes, Rennes, France, CHU de Bordeaux, Bordeaux, France,
CHU de La Réunion, Saint Pierre de la Réunion, France, CHU
de Dijon, Dijon, France, CHU de Montpellier, Montpellier,
France, CHU de Brest, Brest, France, CHU de Tours, Tours,
France
Background: Brugada syndrome (BrS) is an inherited
arrhythmia syndrome with an increased risk of syncope and
sudden death. Disease manifestation is clearly predominant in
males and up to now the studied population mainly consisted in
men.
Objective: The aim of this study was to describe the clinical
characteristics of BrS in women, in the largest BrS patients
cohort ever described.
Methods: Consecutive patients affected with BrS were recruited
from 15 tertiary centers in France between 1994 and 2015.
Data were prospectively collected with an average follow-up of
5.6± 4.5 years. ECGs were reviewed by 2 physicians blinded to
clinical status.
Results: A total of 1358 patients (mean age 45±15 years;
911 males, 67%) were enrolled in this study. Three hundred
and eighty-five patients (28%) were symptomatic at baseline
(42 (3%) aborted sudden cardiac death (SCD), 343 (25%)
syncope). Three hundred and thirty patients (24%) presented a
spontaneous type 1 ECG. Implantable cardiac defibrillator (ICD)
was implanted in 430 patients (32%).
Compared to men, women had less spontaneous type I ECG
(15% vs 29%, p<0.0001), less history of syncope (22% vs 28%,
p<0.0001) and more history of familial SCD (39% vs 27%,
p<0.0001) than men. An implantable cardiac defibrillator was
implanted in 95 women (21%) versus 335 men (37%) (NS).
During follow-up, among the 71 of 1358 patients (5%) with an
arrhythmic event, 60 (6%) were male and 11 were female (2%) p
= 0.0003). A resuscitated SCD was observed in respectively 10
men (1,1%) versus 2 women (0,4%), an appropriate ICD therapy
in respectively 36 men (4%) versus 5 women (1,12%) and a
ventricular arrhythmia in respectively 14 men (1,5%) versus 4
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women (0,9%). In univariate analysis, men had a significantly
higher rate of arrhythmic events than women (1.1% vs 0,3% per
year; HR: 3.3; 95% CI: 1,57-6,95; p= 0,0009). Usual parameters
for risk stratification were not associated with SCD in women.
Conclusion: In the largest BrS patients cohort ever described,
women represent a lower-risk group than men. Clinical
presentation in women affected by BrS is less severe than
men with less spontaneous type 1 ECG and less symptomatic
patients. Usual parameters for risk stratification can not be used
for BrS women.

C-AB31-05
EARLY REPOLARIZATION PATTERN AND EFFECT ON
MORTALITY IN AN ETHNICALLY DIVERSE POPULATION

Ephraim Leiderman, MD, Faraj Kargoli, MD, MPH, Eric H.
Shulman, MD, Philip Aagaard, MD, PhD, Ethan Hoch, MD,
Lynn Zaremski, MD, Tina Shah, MD, Kevin J. Ferrick, MD,
John D. Fisher, MD, Jay N. Gross, MD, Luigi Di Biase, MD,
PHD, FHRS, Soo G. Kim, MD and Andrew Krumerman, MD.
Jacobi Medical Center, Bronx, NY, Montefiore Medical Center,
Bronx, NY, Monefiore Medical Center, Bronx, NY, Montefiore
Medical Center, Div of Cardiology, Bronx, NY, Texas Cardiac
Arrhythmia Institute at St. David’s Medical Center and Albert
Einstein College of Medicine at Montefiore Hospital, Austin, TX,
Montefiore Medical Center, Cardiology Dept, Bronx, NY, Albert
Einstein Coll of Medicine/Montefiore Med Ctr, Bronx, NY
Background: Early Repolarization pattern (ER) on ECG is
associated with an increased risk of cardiac death.
Objective: To study the association of ER with mortality in an
ethnically diverse population.
Methods: ECGs were randomly selected from an ECG database
from 2000-2012 (n=239,741). ECGs were manually analyzed
for ER using the 2015 consensus: end-QRS notching or slurring
with a J point (Jp) >0.1mV in continuous inferior or lateral leads.
Exclusion criteria were age <18, QRSd >120msec, and acute
MI. Kaplan-Meier survival curves were used to assess crude
survival. Cox-proportional hazard ratios were used to determine
predictors of all-cause mortality in our cohort, controlling for
gender, age, ventricular rate, QRS duration, and heart failure.
Results: The study included 17,903 patients, whose mean age
was 53. Individuals were 59% female, 14% white, 36% black,
40% Hispanic, and 10% other. Median follow up time was 6.3
years. The mean QRS duration was 86 ±12ms and the mean
heart rate 78 ±18bpm. ER was noted in 997 (5.6%) patients.
Jp >2mm was noted in 108 (0.6%) patients. In those with ER
and Jp >1mm, there was no difference in mortality relative to
individuals without Jp elevation (HR 1.01, 95% CI 0.87 - 1.16).
Patients with ER and Jp >2mm had an increased mortality (HR
1.6, 95% CI 1.12 - 2.26) Figure 1. This mortality difference was
also significant in Hispanics (HR 2.8, 95% CI 1.63 - 4.71).
Conclusion: ER with Jp >2mm was associated with increased
mortality in a multi-racial/ethnic population. To our knowledge,
the effect of ER on mortality in a Hispanic population has not
been previously reported.

C-AB31-06
CAN SODIUM-CHANNEL BLOCKER TESTING FOR
BRUGADA SYNDROME PREDICT MAJOR ARRHYTHMIC
EVENTS AT FOLLOW-UP? A LONG TERM FOLLOW-UP
MULTICENTER STUDY

Rafik Tadros, MD, PhD, Jean-baptiste Gourraud, MD,
PhD, Anass Essallami, No Degree, Sulayman El Mathari,
BSc, Bode Ensam, MD, Yolan J. Reckman, MD, Connie R.
Bezzina, PhD, Elijah R. Behr, MD, PhD, Arthur A. Wilde, MD,
PhD, Vincent Probst, MD, PhD and Hanno L. Tan, MD, PhD.
Academic Medical Center, Amsterdam, Netherlands, Clinique
Cardiologique, L’institut du Thorax, CHU de Nantes, Nantes,
France, St George’s, University of London, London, United
Kingdom, St. George’s University of London, London, United
Kingdom, University of Amsterdam, Amsterdam, Netherlands,
l’Institut du Thorax, Nantes, France
Background: Sodium-channel blocker testing (SCBT) is
routinely used to diagnose Brugada syndrome (BrS) in patients
with normal or non-diagnostic ECGs. The prognostic value of the
test has not yet been appropriately assessed.
Objective: Assess the association of SCBT result with major
arrhythmic events (MAE) during long term follow-up.
Methods: Patients that underwent SCBT at expert European
centers to diagnose BrS were systematically recruited. Those
with a baseline type I BrS ECG or a documented ventricular
arrhythmia prior to SCBT were excluded. Follow-up data was
systematically collected using national mortality database
interrogation and direct contact of living patients using
standardized mailed questionnaires and/or phone calls, followed
by detailed chart review to ascertain for the presence of MAE.
MAE was defined as sudden cardiac death (SCD), resuscitation
from cardiac arrest (ACA) or appropriate ICD therapy. The
association of test result with time from SCBT to MAE was
assessed using cox-proportional hazards accounting for sex and
age as covariates in the regression model.
Results: A total of 1302 patients who underwent SCBT are
included in this pilot analysis (50% males; age 44±16; 48%
family history of cardiac arrest; 8.3% unexplained syncope
at baseline; 42% positive SCBT). MAE occurred in 9 patients
with a positive SCBT and 3 patients with a negative SCBT,
after a cumulative follow-up of 3688 and 5156 patient-years,
respectively. The incidence of MAE was significantly higher in
patients with a positive SCBT than in those with a negative one
(event rate 0.2 vs. 0.06%/year; relative risk, RR 4.5; P=0.025).
Among patients with a positive SCBT, unexplained syncope at
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baseline showed an association trend with MAE during followup (event rates 0.8 vs. 0.2%/year; RR 3.5; P=0.078). During
follow-up, 9 asymptomatic patients had MAE (6 positive SCBT,
3 negative SCBT; P=0.086), of which 3 were appropriate ICD
shocks in positive SCBT cases and the others are ACA or SCD.
Conclusion: Despite concerns regarding SCBT specificity, a
positive test is significantly associated with increased risk for
MAE. This systematic follow-up study highlights the low MAE
rates in this population with a non-diagnostic baseline ECG,
especially asymptomatic patients.
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Conclusion: This is the first comparison of 3 AF mapping
methods at clinically relevant sites - where ablation terminated
persistent AF. All methods showed sources in patient subsets,
but diverged due to signal complexity, and each must be
validated physiologically. Comparing AF mapping methods
at a clinical event provides a useful foundation to improve AF
ablation.

ABSTRACT C-AB32:
Now You See It! New Technologies to Map Complex
Atrial Arrhythmias
Friday, May 12, 2017
1:30 PM - 3:00 PM

C-AB32-01
WHY MAY MAPPING METHODS FOR ATRIAL
FIBRILLATION DIFFER? COMPARATIVE MAPPING IN
PATIENTS IN WHOM LOCALIZED ABLATION TERMINATES
PERSISTENT ATRIAL FIBRILLATION

Tina Baykaner, MD, MPH, Mahmood Alhusseini, BS, Junaid
A. Zaman, MA, MBChB, Albert J. Rogers, MD, Ryan Borne,
MD, Gabriela L. Meckler, BS, Mallika Tamboli, BA, Fatemah
Shenasa, BS, Christopher Kowalewski, No Degree, Rachita
Navara, MD, George Leef, MD, David E. Krummen, MD, Mohan
N. Viswanathan, MD, Paul J. Wang, MD, FHRS, Johannes
Brachmann, MD, John M. Miller, MD, FHRS, Dave Vidmar, BS,
Miguel Rodrigo Bort, No Degree, Felipe Atienza, MD, William
H. Sauer, MD, FHRS, Wouter-Jan Rappel, PhD and Sanjiv M.
Narayan, MD, PHD, FHRS. Stanford University, Stanford, CA,
Imperial College London, London, United Kingdom, University
of Colorado, Denver, CO, University of California, San Diego,
San Diego, CA, Stanford University School of Medicine,
Stanford, CA, II Medizinische Klinik Klinikum Coburg, Coburg,
Germany, Indiana University School of Medicine, Indianapolis,
IN, University of California, San Diego, La Jolla, CA, Universitat
Politecnica Valencia, Valencia, Spain, Hospital General Univ
Gregorio Maranon, Madrid, Spain, University of Colorado,
Aurora, CO
Background: Different mapping studies alter mechanisms for
persistent atrial fibrillation (AF), yet do not affect mechanisms for
SVT. It is not clear if the sensitivity of AF to mapping represents
different methods, patients or few events to provide context for
mapping.
Objective: To compare mapping methods in the same patients
in whom limited ablation terminated persistent AF.
Methods: We compared 3 methods: (1) Activation maps (-dV/
dt minimal; Lee, Circulation 2015); (2) Phase mapping with
sinusoids (Kuklik, IEEE 2015) or (3) Phase mapping with
physiologic assumptions (FIRM, Narayan, JACC 2012). Data will
be accessible online.
Results: In 33 patients (62.6 ± 8.7 years), persistent AF
terminated to sinus (58%) or atrial tachycardia by ablation
guided by method (3) that identified sources (97% rotations)
from 64 pole baskets. At these sites, method (1) revealed partial
rotations/conduction block (43%), transient foci (30%) and
consistent sources (27%). Method (2) showed 94% sources
(with one focal case). Figure shows a case of rotations at
the termination site detected by all methods. Method (1) was
sensitive to (a) electrogram onsets, (b) complex signals. Method
(2) was sensitive to signal polarity. Method (3) showed more
rotations than method (2) (p=0.03) or (1) (p<0.01).

C-AB32-02
COMPARISON OF LOCAL ACTIVATION TIME ANNOTATION
ALGORITHMS IN HIGH DENSITY MAPPING OF REGULAR
ATRIAL TACHYCARDIAS
Jan De Pooter, MD, Milad El Haddad, MS, Thomas Phlips,
MD, Liesbeth Timmers, MD, Frederic Van Heuverswyn, MD,
Sebastien Knecht, MD, PhD, Rene Tavernier, MD, PhD and
Mattias Duytschaever, MD, PhD. University Hospital Ghent,
Gent, Belgium, University Hospital of Ghent, Ghent, Belgium,
AZ Sint Jan, Bruges, Belgium, Univ Hospital Ghent, Bruges,
Belgium

Background: High-density automated mapping of regular atrial
tachycardias requires an accurate assessment of the local
activation time (LAT).
Objective: To compare the performance of 3 automated LAT
annotation algorithms available within the CONFIDENSETM
mapping module (Carto, Biosense Inc): maximum unipolar
electrogram slope (SL), bipolar electrogram peak (PK) and the
novel “hybrid electrogram” wavefront annotation (WF).
Methods: We analyzed 21 regular ATs in whom procedural
activation mapping was unequivocal and ablation success
confirmed the diagnosis. Each AT was presented randomly
three times to 5 experts with different LAT annotation: SL,
PK and WF annotation. Experts were asked to define 1) the
tachycardia mechanism 2) the ablation target set forward by
the corresponding activation map, and 3) the level of difficulty
in interpreting the maps (graded from 1 to 4 as easy, moderate,
difficult or uninterpretable).
Results: Mean AT cycle length was 300±46ms, number of
activation points was 955±421. WF annotation showed the
highest accuracy in defining the tachycardia mechanism (WF:
55% vs. PK: 27% vs. SL: 28%, p<0.001) and ablation target
(WF: 65% vs. PK: 39% vs. SL: 31%, p<0.001). Overall, WF
annotated maps, were graded as “easier to interpret” by the
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experts (difficulty score 2.3 ± 0.9) versus PK (2.8 ± 1) and SL
(3.2 ± 0.8) (p<0.001). Of interest, only 12% of the WF maps were
annotated as uninterpretable compared to 31% of SL and 45%
of the PK maps (p<0.001).
Conclusion: Continuous acquisition of LAT by wavefront
annotation, allows better and easier recognition of the
tachycardia mechanism and the ablation target compared to the
conventional unipolar slope and bipolar peak methods.

Conclusion: In patients with complex AT ultra-high density
mapping enables identification of ablation targets with high acute
procedure success. In this selected population with a progressed
state of disease freedom of any arrhythmia was achieved in two
thirds of patients after 6 months.

C-AB32-03
ABLATION OF COMPLEX ATRIAL TACHYCARDIA OUTCOME AND RESULTS OF ULTRA-HIGH DENSITY
MAPPING GUIDED THERAPY

Benjamin N. Schaeffer, MD, Pawel Kuklik, MD, Christian
Meyer, MD, Ruken Ö. Akbulak, MD, Christian Eickholt, MD,
Jana Nührich, MD, Mario Jularic, MD, Julia Moser, MD, Julia
Vogler, MD, Boris A. Hoffmann, MD and Stephan Willems,
MD. University Heart Center Hamburg, Department of
Electrophysiology, Hamburg, Germany, University Mainz, Mainz,
Germany
Background: Ultra-high density mapping (UHDM) enables
detailed insights into complex AT mechanisms and activation
patterns to guide catheter ablation (CA).
Objective: We evaluated the outcome of UHDM guided CA of
complex AT after 6 months.
Methods: Patients (pts) with documented complex AT (previous
left atrial CA or cardiac surgery, congenital heart disease)
underwent CA including AT-mapping using a 64-electrode
basket catheter. UHD maps were used to identify anatomy,
voltage, activation pattern and critical areas of AT induction or
maintenance. Guidance of CA was solely based on the acquired
maps.
Results: A total of 82 AT were analyzed in 60 patients (60%
male, age: 63.3±1.7 years, history of arrhythmia: 11.3±3.1 years,
previous CA procedures: 2.2±0.2, previous AT procedures: 31
(51.7%)). ATs originated from the left atria in 65 cases (79.3
%), from right atria in 13 (15,9%) and from the CS in 4 cases
(4,9%) with a mean cycle length of 308.6. ±8.9 ms. Underlying
mechanism were macro-reentry in 50 cases (61%), microreentry in 23 (28%) and focal in 9 (11%) cases. Mean mapping
time was 16.8±6.8 min., mean number of mapping points was
26233±5878. Procedure time was 158.7±56 min. Termination
of the AT was achieved in 79 cases (96%) of which 66 (83.5%)
terminated primary to SR and 13 (16.5 %) to a secondary AT).
After a mean follow up of 188 (6-389) days 40 (66.7 %) patients
were free of any arrhythmia.

C-AB32-04
VALIDATION OF BODY SURFACE MAPPING OF ATRIAL
TACHYCARDIA BY NOVEL HIGH-DENSITY MAPPING

Takeshi Kitamura, MD, Masateru Takigawa, MD, PhD, Rusiridh
Martin, MD, MBBS, Corentin Dallet, MSc, Antonio Frontera, MD,
Nathaniel Thompson, MD, Gregoire Massoullie, MD, Ghassen
Cheniti, MD, Konstantinos Vlachos, MD, Micheal Wolf, MD,
Nora Al Jefairi, MD, Thomas Pambrun, MD, Arnaud Denis,
MD, Frederic Sacher, MD, PhD, Nicolas Derval, MD, PhD,
Hubert Cochet, MD, PhD, Pierre Jaïs, MD, PHD, FHRS, Michel
Haïssaguerre, MD, PHD, FHRS and Meleze Hocini, MD, PhD.
Department of Cardiac Electrophysiology,Hôpital Cardiologique
du Haut-Lévêque-CHU de Bordeaux,France, Bordeaux,
France, IHU Liryc, Bordeaux, France, Department of Cardiac
Electrophysiology,Hôpital Cardiologique du Haut-Lévêque-CHU
de Bordeaux, Bordeaux, France
Background: High-density mapping with the Rhythmia system
allows precise identification of complex atrial tachycardias (ATs).
Non-invasive electrocardiographic imaging (ECGi) with the
Cardioinsight system is a powerful tool to identify AT circuits.
However, the reliability of this tool with complex ATs is not
known.
Objective: To evaluate ECGi as a tool for diagnosing complex
AT.
Methods: We retrospectively analyzed patients who had AT with
a body surface and endocardial high-density activation maps.
Results: We enrolled 7 Consecutive patients who underwent
AT ablation guided by body surface mapping and high density
activation mapping (mean age, 49.6±17). In total, 7 AT were
mapped by both systems (mean cycle length, 272±54 ms).
High density activation mapping showed 2 focal AT, 1 localized
reentrant AT, 4 macroreentrant AT (mean acquired points,
19252±15326). In 2 focal AT, the body surface map clearly
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revealed the earliest activation site, which corresponded to the
earliest site in the high-density map. In 1 localized reentry at
the right pulmonary veins, body surface mapping revealed a
centrifugal pattern at the area. In 4 macroreentrant AT (Roof
dependent AT, peri-mitral AT, dual loop reentry using peri-mitral
and roof, biatrial AT), body surface mapping showed propagation
covering the greater part of reentrant circuit. Six of 7 ATs were
successfully terminated by radiofrequency application.
Conclusion: Body surface mapping may be helpful to diagnose
atrial tachycardia mechanisms, particularly in the case of focal
AT. However, identifying whole complex macro-reentry circuits
on ECGi was still challenging. Further investigation is needed.
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Methods: Maps were collected with multielectrode catheters. A
diagnosis was made on both the Ripple and LAT maps. The site
of AT termination was compared with the diagnosis from each
map and a grading scale (1 highest - 3 lowest) of diagnostic
confidence.
Results: 20pt (64±9yrs, median 2 previous ablations) from 5
centers using RM for the first time underwent ablation. Highdensity maps (2935±1328 points) in AT (296±95ms) were
collected. Macro-re-entrant ATs bordered by scar or anatomical
obstacles were identified in n=12 (60%), small re-entrant
ATs around scar in n=3 (15%) and focal ATs from scar in n=5
(25%). Diagnostic confidence was greater with RM (grade 1
n=13 (65%)) compared to LAT (grade 1 n=6 (30%)) where
operators felt sufficient confidence to proceed to ablation without
entrainment (p=0.02). Ablation based on RM (correct diagnosis
n=18 (90%) proved more successful than the LAT map (correct
diagnosis n=13 (65%)) (p=0.06). This was a result of avoiding
errors related to WOI selection, interpolation, and differentiating
regions of scar during tachycardia on the voltage map.
Conclusion: Expert CARTO-operators naïve to RM improved
their diagnostic accuracy compared to LAT mapping during
complex AT ablations.

C-AB32-06
USE OF NOVEL GLOBAL ULTRASOUND IMAGING AND
CONTINUOUS DIPOLE DENSITY MAPPING TO GUIDE
ABLATION IN MACRO-REENTRANT TACHYCARDIAS

C-AB32-05
RIPPLE MAPPING: INITIAL MULTICENTRE EXPERIENCE
OF AN INTUITIVE APPROACH TO OVERCOMING THE
LIMITATIONS OF 3D ACTIVATION MAPPING

Vishal Luther, MBBS, Nuno Cortez-Dias, MBBS, PhD, Luís
Carpinteiro, MBBS, PhD, João de Sousa, MBBS, PhD, Richard
N. Balasubramaniam, MBBS, PhD, Mark Sopher, MD, MBBS,
Girish Ganesha Babu, MBBS, Richard Till, MBBS, Nikki Jones,
MSc, David Farwell, MD, Stuart Tan, MBBS, PhD, Anthony W.
Chow, MD, Martin Lowe, MBBS, PhD, Jem Lane, MBBS, PhD,
Sharad C. Agarwal, MBBS, Naveen Pappachan, BSc, Nick
Linton, MBBS and Prapa Kanagaratnam, MD, PhD. Imperial
College Healthcare, London, United Kingdom, Hospital De
Santa Maria, Lisbon, Portugal, Royal Bournemouth Hospital,
Bournemouth, United Kingdom, Essex Cardiothoracic Centre,
Basildon, United Kingdom, Barts Heart Centre, London, United
Kingdom, Papworth Hospital, Cambridge, United Kingdom
Background: Ripple Mapping (RM) displays tachycardia
activation without annotation of activation timing or setting a
window-of-interest (WOI). Electrograms are projected as moving
bars over a 3D surface displaying bipolar voltage, offering
simultaneous activation and voltage information.
Objective: We tested whether new operators could use CARTO
Ripple Maps in post ablation atrial tachycardias (ATs) with better
diagnostic accuracy than conventional LAT mapping.

Claire A. Martin, PhD, MRCP, Shohreh Honarbakhsh, MRCP,
Ailsa McLean, DNP, NP, Richard J. Schilling, MD and Pier D.
Lambiase, PhD, FRCP. Barts Heart Centre, London, United
Kingdom
Background: The mechanism of persistent AF (PeAF) is not
well defined and even when successfully ablated may evolve
into atrial flutter (AFl). Sequential mapping is time consuming
and complex.
Objective: We report the use of a novel non-contact ultrasound
(US) imaging and mapping system (AcQMap) to characterise
AFl.
Methods: The AcQMap is a basket catheter (48 US transducers,
48 electrodes) which acquires 100,000+ US points/min and
150,000 intracardiac unipolar voltage points/s. The 3D surface
is reconstructed from the US point-set with mesh-density
comparable to CT and electrical activation derived as ‘dipole
density’ (DD) maps.
Results: Data were collected from 3 patients during first PeAF
ablation (2 male, 48±13 yrs, time in PeAF 1.7±1.2 yrs). The
AcQMap system demonstrated a macro-reentrant circuit in
all and was used to guide ablation at the isthmus. Patient 1
presented in typical right AFl; Patient 2 presented in SR but
with inducible AFl around the right upper pulmonary vein;
Patient 3 presented in AF which organised to an AFl around the
posterior wall, and after ablation and termination of this, to a
typical right AFl. The figure shows an isochronal plot of the initial
AFl activation sequence from Patient 3, with breakout at the
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inferior aspect of the LA posterior wall. All AFl terminated during
ablation. Validation was by contact mapping, with bidirectional
block as the procedural endpoint.
Conclusion: Real-time US and DD based mapping using the
AcQMap provides high resolution electroanatomical maps,
allowing rapid & accurate targeting of critical isthmuses for
ablation. This technique also raises the possibility of mapping AF
more precisely to identify potential ablation targets.

ABSTRACT PLUS C-AB33:
Rare Causes for Ventricular Arrhythmia Diagnosis, Pathophysiology, Prognosis
Friday, May 12, 2017
1:30 PM - 3:00 PM

C-AB33-01
PATIENTS WITH CARDIAC SARCOIDOSIS EXPERIENCE A
SIGNIFICANT DELAY IN DIAGNOSIS

Thomas C. Crawford, MD, FHRS, William Froehlich, BS,
Jordana Kron, MD, Alexandru B. Chicos, MD, Kenneth A.
Ellenbogen, MD, FHRS, Steven J. Kalbfleisch, MD, FHRS,
Vasanth Vedantham, MD, FHRS, Henri Roukoz, MD, David G.
Benditt, MD, N. A. Mark Estes, MD, FHRS, William H. Sauer,
MD, FHRS, Kyoko Soejima, MD, Adarsh Bhan, MD, Francis
Murgatroyd, MD, Matthew Ortman, MD, Lynda E. Rosenfeld,
MD, FHRS, David B. DeLurgio, MD, FHRS, Kazuaki Kaitani,
MD, Peter J. Zimetbaum, MD, Khaled Nour, MD, Zachary D.
Goldberger, MD, MSc, Kristen K. Patton, MD, Timm-Michael
Dickfeld, MD, PhD, Michael J. Mazzini, MD, Daniel R. Frisch,
MD, Siddharth S. Mukerji, MD, Calambur Narasimhan, MD,
David Steckman, MD, Kayla Marcotte, BS, Xiaokui Gu, MD
and Frank M. Bogun, MD. University of Michigan, Ann Arbor,
MI, Virginia Commonwealth University, Richmond, VA,
Northwestern Univ - McGaw Medical Center, Chicago, IL,
Medical College of Virginia, Richmond, VA, OSU Division of
Cardiovascular Medicine, Columbus, OH, Univ of California
at San Francisco, San Francisco, CA, University of Minnesota
Medical Center, Minneapolis, MI, University of Minnesota
Medical Center, Minneapolis, MN, Tufts Medical Center, Boston,
MA, University of Colorado, Aurora, CO, Kyorin University
Hospital, Mitaka-city, Japan, Kings College Hospital, London,
United Kingdom, Cooper Medical School of Rowan University,
Camden, NJ, Yale University School of Medicine - Section of
Cardiovascular Medicine, New Haven, CT, Emory University
School of Medicine, Atlanta, GA, Tenri Hospital, Tenri, Japan,

Beth Israel Deaconess Medical Center, Boston, MA, Henry Ford
Hospital, Detroit, MI, University of Washington, Seatle, WA,
University of Washington, Seattle, WA, University of Maryland,
Baltimore, MD, Boston Medical Center, Cardiovascular
Medicine, Boston, MA, Thomas Jefferson University, Division
of Cardiology, Boston, MA, University of Texas Health Science
Center at Houston, Houston, TX, Care Hospital - The Heart
Institute, Secunderabad, India, Albany Medical Center, Albany,
NY
Background: Cardiac Sarcoidosis is associated with heart
block, life threatening arrhythmias, and heart failure. Due to the
rarity of the disorder, relatively limited data sets are available.
Objective: To describe a cohort of patients with cardiac
sarcoidosis.
Methods: Twenty-four medical centers worldwide enrolled 318
patients in the prospective Cardiac Sarcoidosis Consortium
between May 2012 and Nov 2016.
Results: Of 318 patients, 178 (56%) were men and 140
(44%) were women. Average age at diagnosis was 52.2±11.7
years. Fifty-one percent of patients were Caucasians, 34.4%
were African Americans, 8.5% were Asians, and 6.8% were
other. Mean left ventricular ejection fraction was 47.1±14.5%.
242 (76.1%) patients had histologic or clinical evidence of
extracardiac sarcoidosis and only 76 (23.9%) were cases of
isolated cardiac sarcoidosis. Twenty-one patients had positive
endomyocardial biopsies showing noncaseating granulomas.
76 (23.9%) patients presented with advanced atrioventricular
block, 70 (22%) patients had sustained ventricular tachycardia,
19 (6%) had ventricular fibrillation, 65 patients (20.4%) had atrial
fibrillation or atrial flutter. Among 186 patients with cardiac MRI,
120 (64.5%) patients had late gadolinium enhancement in the
right or left ventricle. Among 152 baseline PET studies, 97.4%
had abnormal FDG uptake and 22.4% had perfusion defect.
Average age at cardiac symptom onset was 49.8±11.9, and time
from symptom onset to diagnosis of cardiac sarcoidosis was
21.9±52.1 months.
Conclusion: Patients presenting with cardiac symptoms who
eventually are diagnosed with cardiac sarcoidosis experience
a significant delay in definitive diagnosis of about 2 years.
Physicians should maintain a heightened index of suspicion for
this under-recognized disorder.

C-AB33-03
IMAGING PREDICTORS OF ELECTROGRAM-GUIDED
ENDOMYOCARDIAL BIOPSY YIELD IN SUSPECTED
CARDIAC SARCOIDOSIS

John W. Schleifer, MD, Kevin K. Manocha, MD, Samuel J.
Asirvatham, MD, FHRS, Peter A. Noseworthy, MD, Paul A.
Friedman, MD, FHRS, Malini Madhavan, MBBS, Rajiv Gulati,
MD, Thomas M. Munger, MD, Leslie T. Cooper, MD and Suraj
Kapa, MD. Mayo Clinic, Rochester, MN, Weill Cornell Medicine,
New York Presbyterian Hospital, New York, NY, Mayo Clinic,
Jacksonville, FL
Background: Inflammation and fibrosis, seen in cardiac
sarcoidosis (CS), produce significant abnormalities in the
intracardiac electrograms (EGMs). EGMs have been used
to guide endomyocardial biopsy (EMB) to increase yield for
confirming cardiac sarcoidosis and related conditions.
Objective: To correlate imaging findings with sites of diagnostic
EMB in CS to determine whether imaging findings predict biopsy
results.
Methods: The imaging findings of patients undergoing EGMguided EMB for suspected CS were correlated with the biopsy
site.
Results: From 61 patients with suspected CS who underwent
EGM-guided EMB, 243 specimens were obtained. CS
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was diagnosed by finding nonnecrotizing granulomas or
multinucleated giant cells in 30 specimens obtained from 11
patients. All patients had transthoracic echocardiograms; 43 had
cardiac magnetic resonance; 37 had cardiac positron emission
tomography. EGM guidance with electroanatomical mapping was
the most sensitive (91%); targeting areas of echocardiographic
wall motion abnormality was the most specific (61%). Targeting
areas of reduced perfusion and increased FDG uptake on
positron emission tomography was the most likely to yield a
diagnostic test (35%). A normal ejection fraction, regardless of
imaging modality, was a marker of low yield; negative predictive
value for EF <50% was 96%.
Conclusion: In a highly selected population, each imaging
modality has incremental value in aiding in the diagnosis of
cardiac sarcoidosis; no single finding is sufficient to confirm
or exclude cardiac sarcoidosis as the etiology of nonischemic
cardiomyopathy.
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C-AB33-04
LEFT CARDIAC SYMPATHETIC DENERVATION (LCSD)
FOR GENETIC ARRHYTHMIA SYNDROMES: A 10-YEAR
EXPERIENCE FROM A SINGLE CENTER
Johan M. Bos, MD, PhD, Ram K. Rohatgi, MD, Heidi J. Owen,
RN, Christopher Moir, MD and Michael J. Ackerman, MD, PhD.
Mayo Clinic, Rochester, MN, Mayo Clinic Rochester, Rochester,
MN
Background: Videoscopic left cardiac sympathetic denervation
(LCSD) is a minimally invasive procedure that has shown
to significantly reduce arrhythmia burden in various genetic
arrhythmia syndromes, such as long QT syndrome (LQTS) and

catecholaminergic ventricular tachycardia (CPVT). Additionally,
LCSD has been used in patients with idiopathic ventricular
fibrillation (IVF), recurrent ventricular tachycardia (VT), or various
ischemic or genetic cardiomyopathies.
Objective: To describe the long term outcomes of our 10-year
experience on reduction of cardiac events following LCSD in
patients with (genetic) arrhythmia syndromes in a single center.
Methods: We performed retrospective cohort analysis on all
patients undergoing LCSD between November 2005 and April
2016 at our clinic. We collected data on clinical phenotype,
genetics, and arrhythmia burden via review of the electronic
health record. Breakthrough cardiac events (BCE) were defined
as syncope, seizures, sustained VT/VF or appropriate ICD
shock.
Results: Overall, 188 patients (100 female (53%), mean age at
LCSD 19.6±16 years; mean follow-up 4.5±2.7 years) underwent
LCSD. Patients carried the diagnoses of LQTS (136; 72%),
CPVT (26; 14%), IVF or unexplained cardiac arrest (16; 9%), or
cardiomyopathy (10; 5%). The majority of patients (62%) had a
history of cardiac events (syncope, seizures, (aborted) cardiac
arrest) prior to denervation. In 83% of previously symptomatic
patients (n=104), a decrease in event burden was observed
(mean follow-up 4.3±2.6 years); in the remaining patients
(17%; n=22) the even rate remained the same. Overall, 77% of
patients (145/188) and 66% (76/116) of previously symptomatic
patients, have remained event-free since LCSD. None of the
patients undergoing LCSD for primary prevention or beta blocker
intolerance (n=61) have experienced a BCE. Six patients
(4 cardiomyopathy, 2 LQTS) eventually underwent cardiac
transplant because of (arrhythmia-induced) heart failure.
Conclusion: Long term follow-up from a single institution shows
that videoscopic LCSD remains a successful adjunct to treat lifethreatening arrhythmias with a significant reduction in arrhythmia
burden for various genetic arrhythmia syndromes.

C-AB33-05
SUBCLINICAL ARRHYTHMOGENIC SUBSTRATE AS A
CAUSE OF UNEXPLAINED SUDDEN CARDIAC DEATH

Michel Haissaguerre, MD, Meleze Hocini, MD, Ghassen Cheniti,
MD, Frederic Sacher, MD, Arnaud Denis, MD, Ruairidh Martin,
MD, Olivier Piot, MD, Jean Sylvain Hermida, MD, Jean Luc
Pasquie, MD, Nicolas Derval, MD, Thomas Pambrun, MD,
Pierre Jais, MD, Josselin Duchateau, MD, Sana Amraoui, MD,
Antonio Frontera, MD, Nathaniel Thompson, MD, Masateru
Takigawa, MD, Michael Wolf, MD, Kostantinos Vlachos,
MD, Takeshi Kitamura, MD, Rick Walton, MD, Gregoire
Masouillie, MD, Arnaud Chaumeil, MD, Nicolas Klotz, MD, Wee
Nademanee, MD, olivier Bernus, PhD and Remi Dubois, MD.
Hôpital Haut-Lévêque, Pessac, France
Background: Idiopathic Ventricular Fibrillation (VF) is a major
cause of unexplained sudden cardiac death (SCD) in people
under 35 years.
Objective: To investigate arrhythmogenic substrate following
unexplained SCD using novel mapping method.
Methods: We evaluated 18 patients (age 33±14) from 8 centers
for recurrent episodes of VF (median 4) and normal coronary
arteries, cardiac MRI, ECG, ajmaline and isoproterenol tests.
Induced VF was mapped using multielectrode catheters and 252
body-surface-electrodes relative to biventricular geometry from
CT scan. Electrograms (EGMs) were acquired for 16±4seconds
before defibrillation and signal-processed to characterize
organization, frequency, wave propagation and source of origin
(drivers). Drivers were further defined as focal breakthroughs
(centrifugal propagation with local unipolar QS pattern) or reentry (sequential activation of local EGMs covering >75% of
VFCL). Catheter mapping of driver sites was performed endoand/or epicardially.
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Results: VF was initially organized with a limited number of
wavefronts which accelerated and disorganized after 5±4s. Focal
and reentrant sources fired intermittently (mean 3±1 impulses)
with their location and extent varying among individuals. Nine
patients showed diffuse reentry trajectories in both ventricles,
whereas, surprisingly, 9 (50%) showed clustered driver sites,
indicating localized substrate, attracting reentry. Endo- or
epicardial mapping revealed abnormal depolarization signals
at the sites of main drivers, in distinct parts of RV or LV. There
were no significant changes in RV abnormal signals on ajmaline
testing. A reanalysis of MRI imaging pointing to driver areas
could not identify any myocardial defect. Catheter ablation in 6
patients eliminated abnormal signals with VF-free outcome in 5
patients at 8±6 months follow up.
Conclusion: VF drivers are clustered at specific regions in
half of individuals with unexplained SCD. These areas may
display abnormal discrete signals indicating localized myocardial
substrate currently not identified by imaging techniques or
pharmacological testing.
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C-AB34-01
LEFT VENTRICULAR ENDOCARDIAL PACING WITH A
NOVEL WIRELESS CRT SYSTEM (WISE-CRT): PACING
THRESHOLD TRENDS: MEDIUM TERM 2-YEAR DATA

Simon James, MRCP, Darragh J. Twomey, MBBS, Christian
Butter, MD, Sam Riahi, MD, PhD and Andrew Turley, FRCP.
James Cook University Hospital, Middlesbrough, United
Kingdom, Herzzentrum Brandenburg in Bernau/Berlin, Bernau /
Berlin, Germany, Aalborg University Hospital, Aalborg, Denmark
Background: WiSE-CRT is a leadless CRT endocardial pacing
system. It uses ultrasound technology to transfer energy from a
subcutaneous pulse generator to a receiver-electrode implanted
on the Left Ventricle (LV) endocardial wall. The medium-long
term pacing parameters are as yet undefined.
Objective: To document the 2 year feasibility and capture
threshold for LV pacing using the WiSE-CRT system in a
population of failed CRT patients.
Methods: Pacing parameters were measured at 1 week, 1
month, 2 months, 6 months, 1 year and 2 years post implant.
There is no conventional direct voltage threshold for these
electrodes. Threshold is determined by the energy used to
generate an ultrasound wave large enough to ensure capture
(function of amplitude, pulse width, size of the ultrasound array
and efficiency of electrical to acoustic energy conversion).
Results: 33 patients (29 male / 4 female) underwent
implantation. Mean age was 65.5 +/- 8.0 years. Implant
indications were device upgrade 3, CRT non-response 10,
adverse anatomy 20. LV capture was possible in all cases
throughout the study. Mean (standard deviation) energy required
(mJ) for electrical capture was 0.38 (0.47), 0.36 (0.53), 0.33
(0.38), 0.37 (0.39), 0.19 (0.17) and 0.25 (0.21) at 1 week, 1
month, 2 months, 6 months, 1 year and 2 years respectively (fig
1).
Conclusion: LV endocardial pacing via the WiSE-CRT system
is feasible and provides stable long term pacing parameters. The
2 year threshold trends are analogous to those for conventional
endocardial pacing systems and provide promising performance
efficacy.

C-AB34-02
CLINICAL EXPERIENCE OF OPTIMAL SITE SELECTION
WITH A WIRELESS INTRACARDIAC LV ENDOCARDIAL
ELECTRODE (WICS-LV) FOR DELIVERY OF CARDIAC
RESYNCHRONIZATION THERAPY: A MULTICENTER UK
STUDY
Jonathan M. Behar, MBBS, Simon James, MBBS, Timothy R.
Betts, MD, Ben Sieniewicz, MBBS, Andrew Turley, FRCP, David
Webster, RN, Simon Claridge, MBBS, Justin Gould, MBBS and
Christopher A. Rinaldi, MD. Imaging Sciences, London, United
Kingdom, James Cook University Hospital, Newcastle, United
Kingdom, Oxford University Hospitals NHS Trust, Oxford, United
Kingdom
Background: Some patients fail to derive benefit from
conventional cardiac resynchronization therapy (CRT) delivered
via a LV epicardial lead. CRT via LV endocardial stimulation
delivers superior hemodynamic and electrical properties; with
access to the entire myocardium identification of the optimal LV
site is possible.
Objective: The WiCS-LV pacing system is CE marked for
patients who fail to derive benefit from conventional CRT or
with difficult venous anatomy. We evaluated its clinical use in a
multicenter registry.
Methods: 22 patients (69±7years, mean LVEF 23±17%, 22%
female, 32% ischemic, 60% NYHA III) underwent WiCS-LV
implantation at 3 centers. Indications were LV lead failure/
displacement (45%), unfavorable central or CS venous anatomy
(14%), upgrade from existing pacing system (36%) & nonresponse to conventional CRT (5%). Target site selection
included pre-operative speckle-tracking echocardiography & LV
contact mapping with measurement of electrical (QLV/paced
QRS) and acute hemodynamic responses (AHR) to biventricular
pacing.
Results: All implants were successful. Procedure duration
was 124±66mins, radiation dose 1722±1471cGycm2. 2.8±2.3
LV endocardial sites were tested per patient. Targeted, final
implantation sites were anterolateral (5), lateral (3), inferolateral
(9) and inferior (5). Mean Q-LV was 127ms (range 49-240).
Mean change in AHR (dP/dt) was +16.7±15% vs baseline (n
15). Pre-procedural QRS duration shortened from 159±22 to
133±25ms (p<0.001). There were no cases of phrenic nerve
stimulation (PNS). At 1 month, 20 (91%) cases achieved
biventricular capture with reduced MLHFq score (14±13) &
increased LVEF (9±6%). There were 2 vascular complications
related to the endocardial electrode, both related to closure of
the 12F femoral arterial puncture requiring repair; one pocket
infection which necessitated battery explant and reimplantation 2
months later and one failure of the electrode to be tracked by the
transmitter.
Conclusion: WiCS-LV offers a feasible alternative for patients
who fail to derive benefit from conventional CRT. The ability
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to target the LV endocardium irrespective of coronary venous
anatomy, without any incidence of PNS is a unique advantage.
Longer term clinical outcomes are awaited.

C-AB34-03
IMPROVEMENT IN ELECTROMECHANICAL ACTIVATION
OF THE LEFT VENTRICLE ACCORDING TO THE SITE OF
EARLIEST PACING IN PATIENTS UNDERGOING CARDIAC
RESYNCHRONIZATION THERAPY
Amarnauth Singh, MD, Surendra Chutani, MD, FHRS, Arti N.
Shah, MD and Bharat K. Kantharia, MD, FHRS. Phoenix Heart
Institution, Glendale, AZ, Icahn School of Medicine at Mount
Sinai, New York, NY, Mount Sinai School of Medicine - Elmhurst
Hospital Center, Queens Health Network, Elmhurst, NY,
Cardiovascular and Heart Rhythm Consultants, New York, NY
Background: Success to cardiac resynchronization therapy
(CRT) may depend on a U shaped pattern of the left ventricle
(LV) activation in patients (pts) receiving bi-ventricular (BiV)
pacing.
Objective: We aimed to identify LV activation pattern by different
bi-ventricular (BiV) pacing timings utilizing speckle tracking
echocardiographic (STE) imaging.
Methods: We performed global longitudinal strain (GLS) in 372
pts with CRT; mean age 67.5 + 20 yrs, 49% female, at regular
3-6 months follow-up. LV ejection fraction (LVEF) was assessed
during RV only pacing, BiV pacing (VV 0 ms), LV pacing 60 ms
before RV pacing (VV 60 ms), and LV only pacing. GLS was
displayed as a negative number and the greater the negative
number the greater was the deformation. The LV was displayed
in a 16 segments Bull’s eye format.
Results: In responders and 85% of 210 non-responders (56%
of total cohort) progressive incremental LVEF improvement
was observed with BiV pacing and LV only pacing with the
greatest benefit seen with LV only pacing at follow-ups, p <0.05.
Segmental contraction improvement was most notable in the
interventricular septum with the greatest improvements seen
with LV only pacing (Figure). With VV 0 ms, there was less
complete uniform activation compared to VV 60 ms. However,
regardless of the types of activation patterns with RV pacing, LV
only pacing accomplished more synchronous, uniform activation
pattern, and concomitantly improved LVEF.
Conclusion: LV activation pattern is altered by different CRT
pacing timings. Maximum correction towards synchrony with
uniform spread of electrical activation is seen with LV only
pacing which accounts for improvement in LVEF.
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C-AB34-04
CARDIAC RESYNCHRONIZATION THERAPY VERSUS ICD
ON CLINICAL OUTCOMES IN CONTINUOUS FLOW LVAD
RECIPIENTS: A MULTICENTER ANALYSIS

Rakesh Gopinathannair, MD, FHRS, Henri Roukoz, MD, Adarsh
Bhan, MD, Ashwin Ravichandran, MD, Mustafa M. Ahmed, MD,
Dmitry Familtsev, MD, PhD, Geetha Bhat, MD, Jennifer Cowger,
MD, Munazzah Abdallah, MD, Chirag M. Sandesara, MD, Emma
J. Birks, MD, Jaimin Trivedi, MD and Mark S. Slaughter, MD.
University of Louisville, Louisville, KY, University of Minnesota,
Minneapolis, MN, Advocate Christ Medical Center, Chicago,
IL, St. Vincent Hospital, Indianapolis, IN, University of Florida,
Division of Cardiovascular Medicine, Gainesville, FL, University
of Louisville, Louisville 40202, KY, Virginia Cardiovascular
Associates, Manassas, VA
Background: Many advanced heart failure patients continue
to receive cardiac resynchronization therapy (CRT) after
continuous flow left ventricular assist device (LVAD) implant.
Objective: We report the first multicenter study to assess the
impact of CRT on clinical and arrhythmic outcomes in LVAD
patients.
Methods: Analysis was performed on 488 patients with an ICD
or CRT-D who underwent LVAD implantation at 5 centers from
2007-2015. Effects of CRT on mortality, all-cause and cardiac
hospitalization, ventricular arrhythmia incidence (VA) and ICD
therapies were compared against an ICD-only group.
Results: Of 488 LVAD patients (Age 58±13 years, 81% male),
266 had CRT-D and 223 had an ICD only. At baseline, significant
differences were noted between the two groups in age (60±12
vs 55±14, p<0.001) and QRS duration (159±29 vs 126±34,
p=0.001). Median biventricular pacing in the CRT group was
96%. During a median follow-up of 478 days, 75 (29%) patients
died in the CRT group and 53 (25%) in the ICD group. KaplanMeier analysis showed no difference in survival between the
groups (Log rank p=0.28: Fig 1). Adjusted survival outcomes by
Cox regression analysis demonstrated no benefit with ICD or
CRT-D (p=0.16) whereas the use of amiodarone was associated
with increased mortality (HR 1.77, 95% CI 1.1-2.8, p=0.01). No
significant differences were noted between CRT and ICD groups
in all cause (0.46 vs. 0.59/100 days, p=0.06) and cardiac (0.1 vs
0.2/100 days, p=0.9) hospitalizations, VA (43% vs 39%, p=0.3),
or ICD shocks (35% vs 29%, p=0.2).
Conclusion: In this large, multicenter LVAD cohort,
continued CRT therapy did not significantly improve survival,
hospitalizations, incidence of VA and ICD therapies.
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C-AB34-05

C-AB34-06

EFFECT OF HOSPITAL PROCEDURE VOLUME ON
OUTCOMES AFTER CARDIAC RESYNCHRONIZATION
THERAPY DEVICE IMPLANTATION: US NATIONAL
INPATIENT DATABASE 2003 - 2011

THROMBOEMBOLIC EVENTS IN LEFT VENTRICULAR
ENDOCARDIAL PACING: LONG-TERM OUTCOMES FROM
A MULTICENTRE UK REGISTRY

Ilhwan Yeo, MD, Luke Kim, MD, Bruce Lerman, MD, FHRS and
Jim W. Cheung, MD, FHRS. Weill Cornell Medical College, New
York, NY, Cornell University Medical Center, New York, NY
Background: Cardiac resynchronization therapy (CRT) is a
mainstay therapy for patients with systolic heart failure and
ventricular dyssynchrony. Data on the impact of hospital
procedure volume on outcomes after CRT device implantation
are scarce.
Objective: To examine outcomes after CRT device implantation
based on hospital volume.
Methods: We analyzed patients (n=410,104) who received
CRT implantations from 2003 to 2011 in the National Inpatient
Sample. Hospitals (n=2,661) were grouped into tertiles based on
annual procedural volume. In-hospital complications including
mortality, pneumothorax, cardiac perforation and need for
lead revision were recorded. Multivariate logistic regression
was performed to assess impact of hospital volume on CRT
implantation outcomes.
Results: The number of hospitals performing CRT procedures
increased from 248 in 2003 to 318 in 2011. More than half
(50.9%) of hospitals performed ≤ 16 procedures annually
while 30 performed 20.6% of all CRT procedures . Overall
complication rates were lowest in the highest volume centers
(≥ 97 procedures/year) (3.9%, 3.5% and 3.2%, p=0.001) when
stratified by first, second and third volume tertiles, respectively.
The lowest CRT volume tertile (< 46 procedures/year) was
independently associated with increased in-hospital mortality
(OR, 1.35; 95% CI, 1.09-1.68). lead revisions (OR, 1.28; 95% CI,
1.03-1.58), and complications (OR, 1.20; 95% CI, 1.06-1.36).
Conclusion: Low volume (<46 CRT devices/year) hospitals
are an independent predictor of worse CRT outcomes including
in-hospital mortality. Studies to identify procedural volume
thresholds to lower complications from CRT implantation are
warranted.

Vinit Sawhney, MD, Giulia Domenichini, PhD, James Gamble,
MBChB, Sophia John, BSc, Guy Furniss, MBChB, Dimitrios
Panagopoulos, MBChB, Niall Campbell, PhD, Pier Lambiase,
PhD, Guy Haywood, MD, Kim Rajappan, MD, Tim Betts, MD,
Mark Earley, MD, Simon Sporton, MD, Martin Lowe, MD, Mehul
Dhinoja, FRCP, Ross Hunter, PhD and Richard Schilling, MD.
St Bartholomew’s Hospital, London, London, United Kingdom,
John Radcliffe Hospital, Oxford, United Kingdom, Plymouth
Hospitals NHS Trust, Plymouth, United Kingdom, Plymouth NHS
Trust, Plymouth, United Kingdom, University Hospital of South
Manchester, Manchester, United Kingdom, Plymouth Hospital
NHS Trust, Plymouth, United Kingdom
Background: Endocardial left ventricular(LV) pacing is an
effective alternative in patients with failed coronary sinus
lead. However, the major concern is the unknown long-term
thromboembolic risk and much of the data comes from small
number of centres. We examined the safety and efficacy of
endocardial LV pacing across 4 UK centres to determine longterm thromboembolic risk.
Methods and Results: Independent prospective registries from
4 UK centres were combined to include 68 consecutive patients
over 5 years. Medical records were reviewed and patients
contacted for follow-up. Thromboembolic events were confirmed
on imaging. The mean age of patients was 66.8±12.3 yrs, 82%
men. 60% had ischaemic cardiomyopathy with a mean LVEF of
27.4±7%. 63% were NYHA grade III and 27% grade IV. Mean
intrinsic QRS was 159±26ms. 65% were already anticoagulated
(39 AF, 1 DVT, 2 prosthetic valve, 2 previous LV thrombus).
Mean CHADS2VASC2 score for the cohort was 3.5. 44% had
trans-ventricular LV lead. The mean procedure and fluoroscopy
times were 200±120 and 32±28 min. 75% had silicone-insulated
pacing lead. 3 patients had haematomas and1had tamponade
requiring a drain. Functional improvement was noted with
decrease in mean NYHA from 3.5±1 to 2.1±1.2 (p=0.001) and
increase in LVEF from 26.5±12 to 34±18.1(p=0.005) over a
20-month follow-up. Re-do procedure due to lead displacement
was required in 2 patients. One patient underwent system
extraction and surgical epicardial lead after device infection. The
ischaemic stroke rate, defined as transient or permanent loss
of function associated with imaging confirmation of a cerebral
infarct, occurred in 4 patients (6%) providing an annual event
rate of 3.6%. In multivariate analyses, sub-therapeutic INRs
correlated with risk of CVA (p<0.01, CI 0.02-0.68, HR 0.12).14
patients died during follow-up with mean time to death postprocedure of 20 months. Cause of death was end-stage heart
failure in all except three (pneumonia in two, knee sepsis).
Conclusion: Endocardial LV lead in heart failure patients has a
good success rate at 1.6 yr follow-up. However, it is associated
with a modest thromboembolic risk largely due to subtherapeutic anticoagulation. These results can be improved and
newer oral anticoagulants might play a role in this setting.
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C-AB35-02
REAL-WORLD INCIDENCE OF HEART FAILURE
HOSPITALIZATIONS IN MEN AND WOMEN FOLLOWING
DAILY AMBULATORY HEMODYNAMIC MONITORING

ADAPTIVE CARDIAC RESYNCHRONIZATION THERAPY
IS ASSOCIATED WITH DECREASED RISK OF INCIDENT
ATRIAL FIBRILLATION COMPARED TO STANDARD
BIVENTRICULAR PACING

Jamie Pelzel, MD, Kunjan Bhatt, MD, J Thomas Heywood,
MD, Margaret M. Redfield, MD, Arvind Bhimaraj, MD, MPH,
David Shavelle, MD, Robert Hull, MD, Rupinder Bharmi, MS,
Kevin Davis, BS, Nirav Dalal, MS, MBA and Rita Jermyn,
MD. CentraCare Health, St Cloud, MN, Austin Heart, Austin,
TX, Scripps Clinic, La Jolla, CA, Mayo Clinic, Rochester,
MN, Houston Methodist Hospital, Houston, TX, University of
Southern California, Los Angeles, CA, West Virginia University
Hospitals, Morgantown, WV, St Jude Medical, Sylmar, CA, St
Francis Hospital, New York, NY

Background: The AdaptivCRTTM algorithm (aCRT) automatically
adjusts AV delays each minute to achieve ventricular fusion
through left ventricular (LV) or biventricular (BiV) pacing. aCRT is
associated with superior clinical outcomes compared to standard
BiV pacing, but the association of aCRT and subsequent atrial
fibrillation (AF) in a real-world population has not been fully
evaluated.
Objective: To investigate programmed use of aCRT versus
standard BiV pacing and the risk of incident continuous atrial
fibrillation >48 hours.
Methods: CRT-D patients implanted between 2013-2016 were
studied via the de-identified Medtronic CareLink database.
Kaplan-Meier estimates were used for univariate associations,
while multivariate Cox models adjusted for patient and device
characteristics.
Results: Of 44,838 patients followed for a mean 15.0 ± 9.3
months, 10.2% developed at least 48 hrs of AF following implant.
Compared with standard BiV pacing, aCRT was associated
with a lower incidence of AF in both univariate and multivariate
analyses (Figure 1A). aCRT was associated with lower
incidence of AF compared to standard BiV pacing when stratified
by sensed PR interval ≤200 msec (HR=0.42, 95% CI 0.310.58, p<0.0001) and >200 msec (HR=0.66, 95% CI 0.51-0.85,
p<0.0001). Higher percentage of LV-only pacing with aCRT was
associated with lower incidence of AF (Figure 1B).
Conclusion: In a large, real-world outpatient population of
heart failure patients receiving BiV pacing, aCRT pacing was
associated with a lower incidence of AF in patients with normal
and prolonged AV intervals. A higher percentage of LV-only
pacing during aCRT was also associated with lower incidence of
AF.

Background: Remote hemodynamic monitoring of pulmonary
artery pressure (PAP) appeared to have a lower treatment
effect in females due to limited sample size for females in the
CHAMPION Clinical Trial. In this study we evaluate real-world
effectiveness of HF management guided by the implanted PA
sensor in both genders using a nationwide Medicare patient
cohort.
Methods: We conducted a retrospective US nationwide
observational cohort study using the Medicare claims database
in patients who underwent out-patient implantation of a PAP
sensor between June 1, 2014 - Dec 31, 2015. Consecutive
patients with continuous Medicare enrollment for 6months before
and after implant were included in this analysis. The burden
of HF hospitalization (HFH) in the 6months after implant was
compared to the rates 6 months prior to implantation for males
and females. HFH was identified based on the CMS readmission
measure definition of HF. Recurrent HFH were analyzed using
the Andersen-Gill method while accounting for competing risk of
death, ventricular assist device (VAD) implant or transplant for
each group. In addition, the model was assessed for treatment
by gender interaction.
Results: A total of 900 patients (age 71.5 ± 10.3yrs, 65% male)
were identified. The 581 male patients incurred 454 HFH prior
to implant and 155 HFH in the 275.8 pt-years post implant
wherein 57 male patients died and 5 received VAD/transplants.
The 319 female patients incurred 264 HFH prior to implant
which reduced to 103 in the 152.7 pt-years following the implant
wherein 28 female patients died and 4 received VAD/transplants.
These repeat hospitalizations were modeled with a competing
risk for death or VAD or transplant and observed hazard ratio
was 0.38 [0.31 0.46], p < 0.0001 for the male patients and 0.42
[0.33 0.54], p < 0.0001 for the female patients. The treatment by
gender interaction was not significant (0.54) indicating a similar
reduction in rates for both gender.
Conclusion: In a large nation-wide cohort, these data
demonstrate a significant reduction in heart failure hospitalization
compared to pre-implant and similar effectiveness after
CardioMEMS implantation in both male and female patients.

C-AB35-01

Jonathan C. Hsu, MD, David H. Birnie, MD, Robert W. Stadler,
PhD, Jeffrey Cerkvenik, MS, Gregory K. Feld, MD and Ulrika
Birgersdotter-Green, MD. University of California - San Diego,
San Diego, CA, University of Ottawa Heart Institute, Ottawa,
ON, Canada, Medtronic, Inc., Fridley, MN, University of
California San Diego, La Jolla, CA

C-AB35-03
IDENTIFICATION OF THE OPTIMAL LV ENDOCARDIAL
PACING SITE USING PACED QRS DURATION

Ben J. Sieniewicz, MBChB, Jonathan M. Behar, MBBS, Manav
Sohal, MBBS, James H. Gamble, MBBS, Timothy R. Betts,
MD, Pierre Jais, MD, Nicolas Derval, MD, David D. Spragg, MD,
FHRS, Paul Steendijk, PhD, Berry M. Van Gelder, PhD, Frank
A. Bracke, MD and Christopher A. Rinaldi, MD. King’s College
London, London, United Kingdom, Guy’s and St Thomas’s NHS
Foundation Trust, Barnet, United Kingdom, Oxford University
Hospitals NHS Trust, Oxford, United Kingdom, CHU Bordeaux Bordeaux University, Bordeaux, France, Hopital du Haut
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Leveque, Pessac, France, Johns Hopkins Hospital, Baltimore,
MD, Leiden Univ Medical Center, Leiden, Netherlands,
Catharina Hospital, Eindhoven, Netherlands, St. Thomas’s
Hospital, London, United Kingdom
Background: Biventricular endocardial (BIV ENDO) pacing
may give superior acute hemodynamic response (AHR) over
standard CRT. The optimal site for left ventricular endocardial
(LV ENDO) stimulation varies between patients. We assessed the
correlation between the paced QRS duration (QRSd) and AHR
to predict the optimal LV ENDO pacing site.
Objective: We evaluated the relationship between the change
in paced QRSd and change in AHR at differing LV ENDO pacing
locations during BIV ENDO pacing.
Methods: LV ENDO acute pacing studies from five international
centres were included: Johns Hopkins- USA, Bordeaux- France,
Leiden- The Netherlands, Oxford- UK and King’s College
London- UK. A 9 segment circumferential polar plot was used.
Results: 75 patients had data correlating change in QRS
duration to AHR at varying LV endocardial pacing locations,
incorporating 574 LV ENDO positions. The paced QRSd was
significantly shorter at the optimal location than in the least
favourable location (166.2ms vs 205.8ms, p<0.01). Endocardial
pacing in a position which resulted in a narrower paced QRSd
correlated with greater improvements in AHR, although this trend
failed to achieve statistical significance (p=0.109), see Figure 1.
Conclusion: Paced QRS duration is significantly shorter at
the optimal LV ENDO site compared to the worst hemodynamic
site. The lack of a strong correlation between AHR and QRSd
suggests that paced QRSd alone may not always predict
favourable hemodynamic sites for LV ENDO pacing.

Objective: Our objective was to investigate the impact of
VV offset changes on paced electrical dyssynchrony in CRT
patients.
Methods: Electrical dyssynchrony, defined by standard deviation
of activation times (SDAT) based on a 53-electrode BSM system,
was characterized in 133 heart failure (HF) patients for different
VV offsets 10 ± 4 days post-CRT. Baseline atrio-ventricular delay
(AVD) was selected by the implanting EP or a device algorithm
and was 65 ± 11% of native PR interval. Activation maps were
acquired during V-V offsets in 20 ms steps ranging from 0 ms to
LV ahead 60 ms at baseline AVD.
Results: Pre-CRT QRS duration was 152 ± 25 ms and ejection
fraction 28 ± 8%. LBBB was present in 52% of patients and
complete heart block (CHB) in 14%. Most LV leads were placed
in lateral (54%) or posterolateral (36%) locations. Native SDAT
(CRT off) was 37 ± 11 ms (normal < 20 ms). At baseline AVD
and VV= 0 ms, SDAT was 30 ± 9 ms. The lowest SDAT (optimal
programming) through only V-V offset changes at baseline AVD
was 25 ± 8 ms (p<0.01 vs. V-V= 0 ms SDAT). In the entire group,
32% had lowest SDAT at VV=0, 29% with LV 20 ms ahead, 30%
with LV 40 ms ahead and 9% with LV 60 ms ahead. In patients
with CHB (where AVD does not affect electrical synchrony), 52%
had lowest SDAT at VV=0, 16% with LV 20 ms ahead, 16% with
LV 40 ms ahead and 16% with LV 60 ms ahead.
Conclusion: BSM electrical dyssynchrony improves by 19%
with standard pacing at VV=0 and AVD of 65 ± 11% of PR
interval. Optimal programming obtained by preactivating the
LV lead by 20-60 ms without changing AVD results in a further
significant 17% improvement in SDAT. 68% of patients achieved
best SDAT with LV preactivation. Measurement of electrical
dyssynchrony in CRT patients using body surface mapping
offers the possibility of optimizing VV delay, individualizing
therapy, and potentially improving response.

C-AB35-05
WEEKLY CRT OPTIMIZATION SUCCESS WITH THE SONR
CONTRACTILITY SENSOR

Peter Paul Delnoy, MD, PhD, Josep Brugada Terradellas,
MD, PhD, Jagmeet P. Singh, MD, PhD, Bruno Degand, MD,
João de Sousa, MD, Luis Tercedor, MD, Ignacio Fernandez
Lozano, MD, Enrique Garcia, MD, Filippo Ziglio, MSc and
Philippe Ritter, MD, PhD. Isala Hospital, Zwolle, Netherlands,
Hospital Clinic, University of Barcelona, Barcelona, Spain,
Massachusetts General Hospital, Boston, MA, La Milétrie Public
Hospital, Poitiers, France, Hospital de Santa Maria, Lisboa,
Portugal, Hospital Universitario Virgen de las Nieves, Granada,
Netherlands, Hospital Puerta de Hierro, Majadahonda, Spain,
Hospital Alvaro Cunqueiro, Vigo, Spain, LivaNova, Saluggia,
Netherlands, Haut Lévêque Public Hospital, Pessac, France

C-AB35-04
OPTIMIZATION OF VV TIMING IN CRT USING BODY
SURFACE MAPPING: ROLE OF LV PREACTIVATION

Alan J. Bank, MD, Ryan M. Gage, MS, Antonia E. Curtin, MS,
Kevin V. Burns, PhD, Jeffrey M. Gillberg, MS and Subham
Ghosh, PhD. United Heart & Vascular Clinic, St. Paul, MN,
University of Minnesota, Minneapolis, MN, Medtronic, Inc.,
Mounds View, MN
Background: There is no standard, well-accepted methodology
for programming the ventricular-ventricular (VV) offset of cardiac
resynchronization therapy (CRT) devices. LV preactivation may
be important for resynchronization due to delays in LV lead
wave propagation related to latency, exit block, or scar. We
have shown that resynchronization based on multi-electrode
body surface mapping (BSM) predicts CRT response better than
standard ECG metrics.

Background: The RESPOND-CRT study is an international,
prospective, randomized (2: 1) trial comparing automatic, weekly
AV and VV optimization of cardiac resynchronization therapy
(CRT) using the SonR contractility sensor versus Echo-guided
AV and VV optimization.
Objective: This sub analysis of the RESPOND study aims to
investigate the efficacy of the sensor functions in optimizing AV
and VV delays overall and in different subgroups of patients less
prone to benefit from CRT (patients with atrial fibrillation [AF]
history, with renal impairment or QRS<150 ms), during the 12
months after implant.
Methods: Data from the device memory was retrieved in the
SonR arm of the study. The percentage of optimization (ratio
between weeks with successful optimization and total number
weeks) was calculated. The percentage of weeks during which
the optimal AV and VV intervals were readjusted by the device
were also computed.
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Results: Results showed a high % of optimization (~90%) by
the sensor overall and by subgroup. While the AV delays were
changed in approximately 3 quarters of the weeks over the year,
the VV delays needed to be optimized in slightly more than one
third of the weeks across populations. Main reason for reduced
% of optimization was atrial fibrillation episodes which did not
allow the algorithm to determine the optimal delays.
Conclusion: This analysis showed the high rate of successful
weekly optimization of AV and VV delays by SonR in the
overall population of the RESPOND-CRT study and in several
subgroups known to be low responders to CRT.

prediction being 0.91. ADV during CRT or the change in ADV
(amplitude, direction) predicted CRT response only moderately
with maximal AUC of 0.71.
Conclusion: Summarizing ECM maps by using ADV is easy
and useful. The ADV magnitude during intrinsic conduction
outperforms QRS duration and morphology as predictor for
long term clinical response to CRT. The change in ADV only
moderately predicts CRT response.

Contractility sensor functioning during 12 months
Mean±SD
% of optimization
% of weeks with
AV delay changed
% of weeks with
VV delay changed

renal
AF history
dysfunction
N=81
N=88
91.1±18.1% 89.5±18.5% 92.3±14.5%
Overall
N=550

QRS<150
ms N=130
88.3±21.4%

76.9±15.7% 77.3±14.5% 78.3±15.6%

74.8±18.3%

36.6±15.0% 39.8±16.3% 40.6±15.6%

35.6±16.0%
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C-AB36-01
ACTIVATION DELAY VECTOR AND RESPONSE TO
CARDIAC RESYNCHRONIZATION THERAPY

Marc Strik, MD, PhD, Sylvain Ploux, MD, PhD, Peter Huntjens,
MSc, Antonio Frontera, MD, Romain Eschalier, MD, PhD,
Remi Dubois, PhD, Philippe Ritter, MD, Nicholas Klotz, MD,
Michel Haissaguerre, MD, Harry J. G. Crijns, MD, PhD, Frits
W. Prinzen, PhD and Pierre Bordachar, MD. University of
Maastricht, Maastricht, Netherlands, Hospital Haut Leveque,
Pessac, France, Haut Lévêque, Bordeaux, France, ClermontFerrand University Hospital, Clermont-Ferrand, France,
Hopital Cardiologique Haut Leveque - Université Bordeaux,
Bordeaux, France, University Hôpital of Bordeaux - Hopital Du
Haut Lévêqueue, Pessac, France, Hopital Cardiologique Haut
Leveque - Université Bordeaux, Pessac, France, University
Hospital Maastricht, Maastricht, Netherlands, Maastricht
University, Maastricht, Netherlands, Hospital Du Haut-Leveque,
Pessac, France
Background: Electrocardiographic mapping (ECM) can be
used to derive biventricular epicardial activation maps. These
maps can be summarized by the magnitude and direction of the
activation delay vector (ADV).
Objective: The aim of the present study was to investigate AVD
behaviour in heart failure patients and its ability to predict clinical
response to cardiac resynchronization therapy (CRT).
Methods: ECM was used to acquire electrical activation maps in
79 systolic heart failure patients (12 QRS <120 ms, 4 RBBB, 23
non-specific conduction delay [NICD] and 40 left bundle branch
block [LBBB]). Locations and depolarization times of 2000 virtual
epicardial electrodes were combined to create the ADV. CRT
was performed in patients with QRS >120ms and response was
defined using a composite clinical score at 6 months.
Results: Patients with a narrow QRS, NICD and LBBB
expressed similar ADV direction towards the LV free wall while
its magnitude increased progressively (narrow QRS 52±14 ms,
NICD 70±29 ms, LBBB 117±25 ms, P<0.05). ADV amplitude
at baseline predicted CRT response accurately; area under
the receiver operating characteristic curve (AUC) for response

C-AB36-02
AUTOMATIC CONTRACTILITY SENSOR-GUIDED
OPTIMIZATION IS ASSOCIATED WITH IMPROVED
OUTCOMES IN CRT SUBGROUPS AT HIGH RISK OF NONRESPONSE

Jagmeet Singh, MD, PhD, Ali Aydin, MD, Francis Murgatroyd,
MD, PhD, Luigi Padeletti, PhD, Juan Gabriel Martinez, MD,
Gerald C. Kaye, MD, FRCP, Jacques Mansourati, MD,
Francisco Leyva, MD, Johannes Brachmann, MD, PhD and
Josep Brugada Terradellas, MD, PhD. Massachusetts General
Hospital, Harvard Medical School, Boston, MA, Krankenhaus
Reinbek St. Adolf-Stift, Reinbek, Germany, Kings College,
London, United Kingdom, Dept of Cardiology, Florence, Italy,
General University Hospital, Alicante, Spain, Princess Alexandra
Hospital, Brisbane, Australia, University Hospital, Brest, France,
Queen Elizabeth Hospital, Birmingham, United Kingdom,
II Medizinische Klinik Klinikum Coburg, Coburg, Germany,
Hospital Clinic, University of Barcelona, Barcelona, Spain
Background: The RESPOND-CRT study recently showed that
automatic AV and VV optimization using the SonR contractility
sensor was as effective as Echo-guided AV and VV optimization
in increasing response to CRT. This subanalysis aims to
investigate the benefit of SonR in subgroups of patients less
prone to benefit from CRT.
Objective: Assess clinical response and events in patients
with a history of atrial fibrillation (AF, n=153), renal function
impairment defined as glomerular filtration rate (GFR) < 60mL/
min/m2 (n=165), or LBBB QRS<150 ms (n=238), in SonR vs
Echo arms.
Methods: Clinical response was defined as the percentage of
patients alive, without heart failure (HF)-related events at 18
months, and with an improvement in NYHA class or quality-oflife. Hazard ratios of all-cause death or cardiovascular (CV) / HF
hospitalization were assessed using adjusted Cox analysis, up to
24 months.
Results: A consistently higher response rate was observed
with SonR vs. Echo throughout all subgroups (Figure). SonR
was associated with a risk reduction of 52% and 45% in allcause death or CV hospitalization in patients with AF (HR=0.48,
95% CI: [0.29-0.82], p=0.007) and renal impairment (HR=0.55,
95%CI: [0.36-0.85], p=0.006), respectively. A risk reduction of
38% in all-cause death or HF hospitalization was associated with
SonR in patients with LBBB QRS<150ms (HR=0.62, 95% CI:
[0.38-0.99], p=0.045).
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Conclusion: In subgroups less prone to benefit from CRT,
weekly automatic CRT optimization, compared to Echo
optimization, was associated with a higher clinical response and
a risk reduction towards CV events in patients with a history
of AF or renal impairment, and HF events in patients with
QRS<150ms.

Conclusion: The onset of contribution of intrinsic RV activation
for optimal LV fusion pacing can be determined using the (EGM-)
VCG to objectively and easily tailor CRT device settings. This
property opens the possibility to adjust the AV delay individually,
continuously and in an ambulatory fashion, possibly improving
CRT response.

C-AB36-04

C-AB36-03
TAILORING DEVICE SETTINGS IN CARDIAC
RESYNCHRONIZATION THERAPY USING ELECTROGRAM
SIGNALS FROM THE IMPLANTED PACING ELECTRODES TAILOR-CRT STUDY

Frits W. Prinzen, PhD, Elien B. Engels, PhD, Masih Mafi Rad,
MD, PhD, Ben Hermans, MSc, Alfonso Aranda, MSc, Antonius
M.W. van Stipdonk, MD, Michiel Rienstra, MD, PhD, Coert
Scheerder, MSc, Alexander H. Maass, MD, PhD and Kevin
Vernooy, MD. Maastricht University, Maastricht, Netherlands,
Maastricht University Medical Center, Maastricht, Netherlands,
Medtronic Bakken Research Center, Maastricht, Netherlands,
University Medical Center Groningen, Groningen, Netherlands,
Medtronic Bakken Research Center and Medtronic Trading
NL, Maastricht and Eindhoven, Netherlands, Maastricht
University and Maastricht University Medical Center, Maastricht,
Netherlands

Background: In cardiac resynchronization therapy (CRT)
LV pacing fused with intrinsic right ventricular (RV) activation
augments benefits compared to biventricular pacing. Optimal
fusion between LV paced and intrinsic conduction is critically
dependent on the delay between atrial activation and onset of
intrinsic RV activation (ARV).
Objective: To explore the use of an electrogram-based
vectorcardiogram (EGM-VCG) to determine ARV for optimal
patient-specific LV fusion pacing and compare it with
conventional approaches using population-based ARV values.
Methods: During CRT device implantation, 28 patients were
prospectively studied using LV pacing at various AV delays.
Measured were LV dP/dtmax, 12-lead ECG, and unipolar EGMs
from implanted pacing electrodes. ECG and EGMs were used
to reconstruct a VCG and EGM-VCG, respectively. ARV was
determined using the 1) AdaptivCRT™ algorithm (70% of delay
between atrial pacing and RV sensing [ARVaCRT]); 2) delay
between atrial pacing and onset of QRS (AQRS) and 3) first
AV delay at which QRS amplitude (QRSampl) was smaller than
the QRSampl at a short AV delay as measured on the EGM-VCG
(ARVEGM-VCG) or VCG (ARVVCG).
Results: ARVEGM-VCG and ARVVCG were similar but shorter than
AQRS and ARVaCRT (figure A). The increase in LV dP/dtmax
was larger at ARVEGM-VCG and ARVVCG compared to AQRS and
ARVaCRT (figure B).

QRSAREA IMPROVES PREDICTION OF SURVIVAL IN
CARDIAC RESYNCHRONISATION THERAPY COMPARED
TO QRS DURATION AND MORPHOLOGY
Antonius van Stipdonk, MD, Iris ter Horst, MD, Mariëlle
Kloosterman, BSc, Michiel Rienstra, MD, PhD, Frits W. Prinzen,
PhD, Mathias Meine, MD, Alexander H. Maass, MD, PhD and
Kevin Vernooy, MD, PhD. Maastricht University Medical Centre,
Cardiology Dept., Maastricht, Netherlands, University Medical
Centre Utrecht, Cardiology Dept., Maastricht, Netherlands,
University Medical Centre Groningen, Cardiology Dept.,
Maastricht, Netherlands, Univ Medical Center Groningen,
Groningen, Netherlands, Maastricht University, Physiology Dept,
Maastricht, Netherlands, University Medical Center Utrecht,
Cardiology Dept, Utrecht, Netherlands, University Medical
Center Groningen, Cardiiology Dept, Groningen, Netherlands
Background: Patient selection in cardiac resynchronisation
therapy (CRT) currently relies on QRS duration and
morphology. Significant non-response rates imply suboptimal
patient selection. Small studies have suggested that
vectorcardiographically determined QRSAREA improves patient
selection.
Objective: To compare the value of QRSAREA to that of QRS
duration and morphology in the prediction of survival in CRT.
Methods: In a retrospective multicentre cohort of 1.487 CRT
patients. QRSAREA was calculated by converting the digital 12lead ECG to VCG X-, Y- and Z-leads and calculating the square
root of the sum of squared QRSAREA in each direction. QRS
morphology was defined as left bundle branch block (LBBB) or
non-LBBB. Primary endpoint was the combination of all-cause
mortality, left ventricular assist device implantation and cardiac
transplantation.
Results: Follow-up time was 1.400 (± 882) days, during which
471 events (32%) occurred. At 10 year follow-up , quartiles of
QRS duration did not significantly differ in survival rate (p 0.129)
(Figure A). QRSAREA provided a significantly better correlation
with survival. Patients with QRSAREA of 109-150µVs and ≥151µVs
had significantly less events than those with QRSAREA<75
µVs (HR 0.581 and 0.386, resp.) (Figure B). Whereas QRS
duration and LBBB morphology were associated with survival in
univariable analysis, multivariable analysis showed QRSAREA (HR
0.524, p 0.000) and not QRS duration or morphology (p 0.766
and 0.745 resp.) to be an independent predictor of the primary
endpoint.
Conclusion: QRSAREA significantly improves prediction of
survival in patients eligible for CRT, and may therefore improve
patient selection for CRT.
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compared with the competitors (i.e. in individuals with higher
tariff CC score and higher chances of CRT response: 1,549 vs.
EAARN 1,990 vs. VALID-CRT 1,842 GBP per device-year; and
for individuals with lower chances of response for the same
tariff: 6,054 vs. 5,068 vs. 2,522 GBP per device-year, same
comparators).
Conclusion: The ScREEN score was the best prognosticator
and it also appears of interest for the optimization of health
expenditure.
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C-AB37-01

COMPARISON OF THE SCREEN, EAARN, AND VALIDCRT SCORES TO PREDICT SURVIVAL POST-CARDIAC
RESYNCHRONIZATION THERAPY, AND IMPACT ON
HEALTH-EXPENDITURE

WHAT HAVE WE LEARNED IN THE LAST 20 YEARS? A
COMPARISON OF MODERN AND EARLY ERA PEDIATRIC
AND CONGENITAL CATHETER ABLATION REGISTRIES

Rui Providencia, MD, PhD, Eloi Marijon, MD, PhD, Sergio Barra,
MD, Nikolaos Papageorgiou, MD, PhD, Adam Ioannou, MBBS,
Harry Barber, MBBS, Debbie Falconer, MBBS, Anthony W.
Chow, MD, Oliver R. Segal, MD, Pier D. Lambiase, PhD and
Serge Boveda, MD. St.Bartholomew’s Hospital, Barts Heart
Centre, Barts Health NHS Trust, London, United Kingdom,
United Kingdom, Hôpital Européen Georges-Pompidou, Paris,
France, Papworth Hospital NHS Foundation Trust, Cambridge,
United Kingdom, University College of London Hospitals
NHS Trust, London, United Kingdom, United Kingdom, The
Heart Hospital UCLH London, London, United Kingdom,
St.Bartholomew’s Hospital, Barts Heart Centre, Barts Health
NHS Trust, London, United Kingdom, Clinique Pasteur,
Toulouse, France
Background: Up to a third of heart failure (HF) patients do not
respond to cardiac resynchronization therapy (CRT). Recently,
3 scores have been developed to predict outcomes of CRT
patients following implantation.
Objective: To compare the ScREEN score, EAARN, and VALIDCRT with regard to survival free from heart transplant and impact
on cost-effectiveness.
Methods: The 3 scores were compared among 695 HF patients
implanted in a high-volume center, and their discriminative
capacity was assessed with regard to the following endpoints:
all-cause mortality, all-cause mortality and heart transplant,
and HF-mortality and heart transplant. Using data from the
UK NHS 2016/17 tariffs for outpatient/day-case CRT-D and
CRT-P implants, for all 3 complexity and comorbidity (CC) score
scenarios, and based on the estimated battery longevity from the
literature, and the survival for each strata in this cohort, we have
estimated the cost in GBP per device-years, for each stratum of
the 3 scores.
Results: ScREEN displayed a better discriminative capacity
than the EAARN and VALID-CRT scores for the endpoint heart
failure mortality and heart transplant (c-statistic 0.73, 95%CI
0.69-0.76 vs. 0.61, 95%CI 0.57-0.65, 0.58, 95%CI 0.54-0.60,
respectively; P<0.001 for the comparisons of ScREEN vs.
VALID-CRT and EAARN, and P=0.258 for EAARN vs. VALIDCRT), and similar for the remaining endpoints. In all tariffs,
the cost per device-year was lower in individuals with higher
chances of CRT response/survival, and higher in individuals
with lower chances of CRT response/survival using ScREEN

Stephen P. Seslar, MD, PhD, Anne M. Dubin, MD, FHRS,
David J. Bradley, MD, Jennifer N.A. Silva, MD, Sabrina
Tsao, MD, Ronald J. Kanter, MD, FHRS, Ronn E. Tanel,
MD, Bhavya Trivedi, MD, PhD, Ming-Lon Young, MD, MPH,
Andreas Pflaumer, MD, Jorge McCormack, MD and Andrew E.
Radbill, MD. Seattle Children›s Hospital, Seattle, WA, Stanford
University Pediatric Cardiology, Palo Alto, CA, University of
Michigan, Ann Arbor, MI, Washington University St. Louis,
St. Louis, MO, Ann & Robert H. Lurie Children›s Hospital of
Chicago, Chicago, IL, Duke University Medical Center, Durham,
NC, UCSF Benioff Children›s Hospital, San Francisco, CA,
Pediatric Cardiology Associates, Durham, NC, Joe DiMaggio
Children›s Hospital, Hollywood, FL, Royal Children›s Hospital
Melbourne, Parkville VIC, Australia, Pediatric Cardiology
Associates, ATTN: Joan Tobin, St. Petersburg, FL, Vanderbilt
University, Nashville, TN
Background: Since the onset of pediatric catheter ablation, the
pediatric electrophysiology community has reported outcomes
via various registries (PAPCA and the Pediatric Catheter Ablation
registry). Most recently, a modern era pediatric and congenital
ablation registry (MAP-IT) was developed and ultimately
incorporated into the NCDR IMPACT registry.
Objective: We aim to compare the initial findings from the MAPIT pilot registry to earlier registries.
Methods: Prior to entering the NCDR IMPACT registry, MAP-IT
was active at 12 centers (11 US) between October 2014 and
April 2016. All EP studies were included for patients <21 years
old and for patients of all ages with structural congenital heart
disease (CHD). We compared the acute success, procedure
time, and the frequency of complications between MAP-IT and
the earlier registries.
Results: For accessory and slow pathway substrates, similar
acute success rates were seen across all time periods. However,
procedure time, fluoroscopy time and complication rates were
significantly decreased in the modern era (Table 1).
Conclusion: While acute success rates for common substrates
have been similar over time, there have been substantial
improvements during the modern era in procedure time and
safety measures, including a decrease in fluoroscopy time and
complication rates.
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C-AB37-02
INTERMITTENT PREEXCITATION IN WOLFF-PARKINSONWHITE SYNDROME IN CHILDREN DOES NOT GUARANTEE
LOW RISK ACCESSORY PATHWAYS OR LOW RISK OF
LIFE-THREATENING EVENTS
Carolina A. Escudero, MD, MSc, Scott R. Ceresnak, MD,
Kathryn K. Collins, MD, FHRS, Robert H. Pass, MD, Peter F.
Aziz, MD, Andrew D. Blaufox, MD, FHRS, Michel Cabrera,
MD, Bryan C. Cannon, MD, Mitchell Cohen, MD, FHRS,
Brynn E. Dechert, MSN, NP, RN, Anne M. Dubin, MD, FHRS,
Kara S. Motonaga, MD, Michael R. Epstein, MD, Christopher
Erickson, MD, Steven B. Fishberger, MD, Gregory J. Gates,
PhD, Christine A. Capone, MD, Lynn Nappo, RN, Naomi J.
Kertesz, MD, Jeffrey J. Kim, MD, Santiago O. Valdes, MD,
Peter Kubuš, MD, Ian H. Law, MD, FHRS, Jennifer Lampe, BS,
Jeremy P. Moore, MD, James C. Perry, MD, FHRS, Shubhayan
Sanatani, MD, Stephen P. Seslar, MD, PhD, Ira Shetty, MD,
Jonathan R. Skinner, MD, Luciana Marcondes, MD, Elizabeth
A. Stephenson, MD, MSc, Hiroko Asakai, MD, Ronn E. Tanel,
MD, Orhan Uzun, MD, Frank J. Zimmerman, MD, Susan P.
Etheridge, MD and Christopher Janson, MD. Stollery Children’s
Hospital, Edmonton, AB, Canada, Lucille Packard Children’s
Hospital - Stanford University, Palo Alto, CA, University of
Colorado, Aurora, CO, The Children’s Hospital at Montefiore
Medical Center, Bronx, NY, Cleveland Clinic Foundation,
Cleveland, OH, Cohen Children’s Medical Center of New York,
New Hyde Park, NY, Cardiocentro Pediatrico William Soler,
Havana, Cuba, Mayo Clinic Rochester, Rochester, MN, Phoenix
Children’s Hospital, Phoenix, AZ, University of Michigan,
Ann Arbor, MI, Maine Medical Center, Portland, ME, UNMC/
CUMC/Children’s Hospital and Medical Center, Omaha, NE,
Miami Children’s Hospital, Miami, FL, Nationwide Children’s,
Columbus, OH, Texas Children’s Hospital, Houston, TX, Texas
Children’s Hospital, Houton, TX, Children’s Heart Centre,
Prague, Czech Republic, University of Iowa Hospital and
Clinics, Iowa City, IA, UCLA Medical Center, Los Angeles, CA,
University California San Diego - Rady Children’s Hospital, San
Diego, CA, Children’s Heart Centre, Vancouver, BC, Canada,
Seattle Children’s Hospital, Seattle, WA, The Heart Institute for
Children, Oak Lawn, IL, Starship Children’s Hospital, Auckland,
New Zealand, The Hospital for Sick Children, Toronto, ON,
Canada, University of Tokyo Hospital, Tokyo, Japan, UCSF
Benioff Children’s Hospital, San Francisco, CA, University
Hospital of Wales, Cardiff, Wales, United Kingdom, University
of Utah, Salt Lake City, UT, Children’s Hospital at Montefiore,
Bronx, NY

Background: Current guidelines suggest patients with WolffParkinson-White syndrome (WPW) and intermittent preexcitation
(IPx) are at low risk of life-threatening events (LTE). However,
recent studies have reported cases of IPx and LTE.
Objective: To compare accessory pathway (AP) conduction
characteristics between patients with IPx and persistent

preexcitation (PPx), and report occurrences of LTE with IPx in a
large cohort of children with WPW.
Methods: Patients ≤ 21 years with WPW who underwent
invasive electrophysiology study (EPS) or had a LTE were
identified from 2 multicenter databases. IPx was defined as
sudden loss of preexcitation on ECG, Holter, or exercise stress
test. LTE was defined as sudden death (SuD), aborted SuD
(ASuD), or clinical preexcited atrial fibrillation (PxAF) with
shortest preexcited R-R interval (SPERRI) ≤ 250ms. AP effective
refractory period (APERP), SPERRI in atrial fibrillation at EPS
(EPS-SPERRI), and shortest preexcited paced cycle length
(SPPCL) were compared between IPx and PPx groups. A high
risk AP was defined as APERP, SPERRI, or SPPCL ≤ 250ms.
Results: Of 1584 patients included, 244 (15%) had IPx and
1340 (85%) had PPx. There were no differences in gender (48
vs 49% male, p=0.92) or age at EPS (13.4 ± 3.6 vs 13.1 ± 3.9
yrs, p = 0.26) between IPx vs PPx. Of 68 LTE cases, 8 had
IPx (12%): 2 with ASuD and 6 with PxAF and clinical SPERRI
≤250ms. APERP (345 ± 77 vs 313 ± 61ms, p<0.001) and SPPCL
(395 ± 123 vs 317 ± 82ms, p<0.001) were longer in IPx vs PPx,
with no difference in EPS-SPERRI (330 ± 71 vs 316 ± 73ms,
p=0.19). High risk APs at EPS were less frequent in patients with
IPx than PPx (12 vs 23%, p<0.001). Asymptomatic IPx patients
(n=99) were less likely to have a high risk AP than symptomatic
IPx (n=144) patients (2 vs 20%, p<0.001). Clinical symptoms
were an independent predictor of high risk APs in IPx (p=0.002).
Conclusion: IPx does not guarantee low risk of LTE in children
with WPW. IPx is associated with a lower incidence of high risk
APs, however, the incidence of high risk APs with IPx remains
substantial. Symptoms in patients with IPx were an independent
predictor of a high risk AP.

C-AB37-03
ABLATION OF ATRIAL FIBRILLATION IN PATIENTS
WITH CONGENITAL HEART DISEASE CAN BE SAFELY
PERFORMED WITH SIMILAR STRATEGY AND OUTCOMES
COMPARED TO THOSE WITH NORMAL HEARTS
Jackson J. Liang, DO, David S. Frankel, MD, FHRS, Edward
P. Gerstenfeld, MD, FHRS, Judit Szilagyi, MD, Sanghamitra
Mohanty, MD, Andrea Natale, MD, FHRS, Joseph D. Kay, MD,
William H. Sauer, MD, FHRS and Duy T. Nguyen, MD, FHRS.
Hospital of the University of Pennsylvania, Philadelphia, PA,
University of California San Francisco, San Francisco, CA,
Texas Cardiac Arrhythmia Institute at St. David’s Medical
Center, Austin, TX, University of Colorado, Aurora, CO

Background: The incidence of atrial fibrillation (AF) is increasing
in patients with complex congenital heart disease (CHD), and
ablation of AF in this population is likely to increase. However,
data on ablation strategy and outcomes is limited in CHD.
Objective: To examine safety and efficacy of AF ablation in
patients with CHD.
Methods: A multicenter, retrospective analysis was performed
of CHD patients undergoing AF ablation. Clinical data were
collected including CHD type and ablation strategy. One-year
procedural success was defined as freedom from AF, in the
absence of drugs (complete) or on previously failed drugs
(partial).
Results: Of 69 CHD patients undergoing AF ablation, 34 (49%)
had paroxysmal AF. Complex CHD included Tetralogy of Fallot
(6), single ventricle physiology (3), anomalous pulmonary veins
(PVs) (7), cor triatriatum (3), and transposition of the great
arteries (6). PV isolation (PVI) was performed in 57 (92%);
additional ablation included left atrial linear ablations (26%),
CFAE (10%), cavotricuspid isthmus ablation (35%), non-PV
trigger ablation (25%), non-PV focal or rotor ablation (5%). Five
patients (7%) had non-PVI ablation alone. One-year complete
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and partial success was 53% and 68% respectively. Repeat
ablation within 1 year occurred in 12 (17%) patients. There
were no major and 5 minor procedural complications; 2 deaths
occurred during 3-month follow up period: one of unknown cause
and one of progressive heart failure.
Conclusion: AF ablation in this complex population was
safe and reasonably effective, with outcomes similar to those
historically reported in non-CHD populations, despite anatomical
differences.
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Conclusion: High acute and long-term success rates and a low
complication rate were observed for IART ablation in a dedicated
referral center for adults with CHD. However, the arrhythmia
burden remains high in this patient population, predominantly
due to the onset of new arrhythmias during follow-up.
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THE ROLE OF THE 12-LEAD VT ECG IN PATIENTS WITH
REPAIRED TETRALOGY OF FALLOT: NON-INVASIVE
IDENTIFICATION OF VT RELATED ANATOMIC ISTHMUSES
Charlotte Brouwer, MD, Gijsbert FL. Kapel, MD, Martin
J. Schalij, MD, PhD, Marta de Riva Silva, MD and Katja
Zeppenfeld, MD, PhD. Leiden University Medical Center,
Leiden, Netherlands
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CATHETER ABLATION FOR INTRA-ATRIAL REENTRANT
TACHYCARDIA IN ADULTS WITH CONGENITAL HEART
DISEASE
Pablo Ávila, MD, Blandine Mondésert, MD, Annie Dore, MD,
François-Pierre Mongeon, MD, Nancy Poirier, MD, Sylvia
Abadir, MD, Marc Dubuc, MD and Paul Khairy, MD, PhD.
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Background: Intra-atrial reentrant tachycardia (IART) is the
most common tachyarrhythmia in adults with congenital heart
disease (CHD).
Aim: We assessed acute and long-term outcomes of catheter
ablation for IART in adults with CHD.
Methods: A cohort study was conducted on adults with CHD
and atrial arrhythmias who underwent catheter ablation at
our institution. Acute success was defined as tachycardia
termination and non-inducibility. Post-procedural arrhythmias
were adjudicated by two blinded investigators and classified as
recurrent or new-onset arrhythmias on the basis of documented
tracings and repeat electrophysiological studies.
Results: Overall, 411 atrial arrhythmias including 324 (78.9%)
IARTs were targeted in 230 patients, mean age 40.3±14.4 years,
56% male. CHD was simple in 23%, moderate in 43%, and
complex in 34%. Mean procedural duration was 5.0±2.2 hours,
with a median ablation time of 30 (IQR 17.1, 44.3) minutes.
Acute success was achieved in 95.4% [95% CI (93.1-97.7%)]
of targeted IARTs. Complications (femoral hematoma N=4,
urinary tract infection N=2, pneumonia N=1, phrenic nerve palsy
N=1) occurred in 4.3%. Freedom from recurrent arrhythmias
was 90.1%±2.2% at 5 years, with no difference according to
complexity of CHD (Panel A; P=0.572). Freedom from any
arrhythmia was 54.3±4.1% at 5 years, with a higher rate among
those with complex CHD (Panel B; P=0.033).

Background: The dominant substrate for reentrant VT in
repaired tetralogy of Fallot (TOF) are anatomic isthmuses (AI)
1 and 3. Whether AI 1 or 3 is considered critical for VT relies on
pacemapping (PM) guided by VT morphology.
Objective: To evaluate the relation between 12-lead VT ECG
and VT related AI.
Methods: ECGs of all VTs (BBB pattern, precordial transition),
electroanatomical mapping data (presence/geometry of AI) and
PM results were retrospectively analysed in 25 TOF pts (group
1, 57±13 yrs). VT was defined as AI related in case of ≥ 11/12
pace-match. In 5 additional TOF pts (group 2, 29±13 yrs), PM
within all AI was prospectively performed, irrespective of the VT
ECG.
Results: All pts had AI 1 and 3. In group 1, 34/37 induced VTs
(CL 286 ±78 ms) were AI related. All 11 RBBB VTs were related
to AI 3 (RV septal exit if positive concordant [9/9], coronary cusp
exit if transition break in V2 [2/2]). LBBB VTs with transition ≤
V4 (10/10) were related to AI 3 and with transition ≥ V5 (13/13)
to AI1 (free wall exit). In pts with LBBB and transition ≥ V5 VT,
AI 1 was significantly longer (40±8.2 vs. 24.2±7.8 mm, p=0.01).
In group 2, 5/6 induced VTs (CL 237±14 ms) were AI related.
Based on PM, all RBBB VTs were related to AI 3 (septal exit).
For LBBB VTs a paced-match could be obtained in A1 3 (free
wall exit) and AI 1 (fig). Activation mapping a/o ablation success
confirmed AI 3 to be critical for all 5 VTs.
Conclusion: RBBB VTs are due to clockwise and LBBB
VT due to counter clockwise activation of AI 3. Variations in
precordial transition of LBBB VT depend on the geometry of AI 1.
Involvement of both AI makes PM obsolete and AI 3 can always
be targeted
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IN EBSTEIN’S ANOMALY: FEATURES RELEVANT TO
ACCESSORY PATHWAY ABLATION
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FHRS, John K. Triedman, MBBS, FHRS, Stephen P. Sanders,
MD and Edward P. Walsh, MD, FHRS. Boston Children’s
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Boston, MA
Background: Catheter ablation of accessory pathways (AP) in
Ebstein’s Anomaly (EA) is less successful than in structurally
normal hearts. Specific anatomical features could account for
inferior ablation outcomes and a higher incidence of AP.
Objective: Examine the atrioventricular (AV) junction in autopsy
specimens of EA, correlate with clinical data, and identify
features relevant for catheter ablation.
Methods: A total of 33 specimens with EA were examined from
our Cardiac Registry and available clinical data were reviewed.
Gross anatomy of the right AV junction was examined, and
tissue was identified for histologic study.
Results: A prominent ridge along the posterior AV junction
(figure 1) was seen in 15 of 33 specimens (45%). Amongst
22 specimens with available clinical data, 11 (50%) had
documented AP, and this ridge was more common in hearts with
AP (63% vs 18%, p=0.03, CI 1.9-75). Eighteen specimens (54%)
had gross evidence of possible subendocardial AV muscular
connections and these were more common in specimens with a
prominent ridge (73% vs 33%, p=0.02, CI 1.6-67). The degree
of ventricular atrialization did not differ between specimens with
and without a prominent ridge (p=0.74) or apparent muscular
connections (p=0.27), nor did it correlate with AP (p=0.61).
Conclusion: A prominent ridge along the posterior AV junction
is a common feature in EA, and correlates with clinical history
of AP. This ridge presents a potential obstacle to catheter
manipulation and delivery of ablation energy. We await histology
results to define microscopic anatomy of AP in EA.

