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S-PO04-029
GENDER DIFFERENCES IN ATRIAL FIBRILLATION
RECURRENCE AFTER ABLATION: LONG-TERM
OUTCOMES

Melissa E. Middeldorp, Adrian D. Elliott, PhD, Dominik K. Linz,
MD, Kadhim Kadhim, MBChB, Celine Gallagher, BSN, Jeroen
ML. Hendriks, MS, PhD, RN, Dennis H. Lau, MBBS, PhD, FHRS
and Prashanthan Sanders, MBBS, PhD, FHRS. Centre for Heart
Rhythm Disorders, University of Adelaide, Adelaide, Australia,
University of Adelaide, Royal Adelaide Hospital and SAHMRI,
Adelaide, SA, Australia
Background: To date there has significant disparity of
gender outcomes following atrial fibrillation (AF) ablation,
with most demonstrating women present older and with more
comorbidities. Similarly, it has been demonstrated that men are
more likely to be free from AF at final follow-up.
Objective: Given the discrepancies in the current literature, we
sought to assess the differences in long-term outcomes of AF
ablation between genders in a single centre cohort.
Methods: We assessed the long-term outcomes of 624
consecutive patients undergoing AF ablation. Patients were
only included if they had more than 12 months follow-up. The
primary outcome was single procedure success in the absence
of anti-arrhythmic drugs (AAD), the secondary outcome was
multiple procedure success. AF recurrence was defined as
any AF/atrial tachycardia >30s following a 3-month blanking
period. Recurrence was assessed by clinical review at 3, 6- and
12-months post-procedure by 7-day Holter monitoring, 12-lead
ECG, pacemaker interrogation or patient symptoms.
Results: There were 207 females and 417 males in this cohort.
Female patients undergoing catheter ablation for AF were
significantly older (62±11 versus 59±10 years, p<0.001) with
smaller left atrial diameter (4.4±1.7 versus 3.9±0.6 cm, p<0.001)
and a trend towards higher prevalence of hypertension (56.2%
v 48.5%, p=0.06). The presence of persistent AF (32.2% v
52.1%, p<0.001) and sleep apnea (7.5 v 15.6%, p=0.003)
was lower amongst female patients. Over a mean follow up of
5.5±4.9 years, the single procedure recurrence rate was 58.3%
for males and 59.9% for females (P=0.7). Following multiple
procedures, the recurrence rate was 28.1% for males and 23.1%
for females (P=0.2). The mean number of ablations did not differ
between genders (p=0.7). In multivariate analysis, the significant
predictors of AF recurrence after multiple procedures were age
(HR 1.02 per year, 95% CI: 1.00-1.04, p=0.025) and body mass
index (HR 1.06 per 1-unit, 95% CI: 1.02-1.10, p=0.004).
Conclusion: This study of long-term ablation outcomes
demonstrated that despite being older with more paroxysmal AF,
outcomes of AF ablation was similarly successful for both sexes
following both single and multiple procedures.

S-PO04-030
THE EFFECT OF HIS BUNDLE PACING ON QRS DURATION
IN AN INITIAL PATIENT COHORT
Simon Stolcman, Raymond Tjong, Michelle McAlpin, Melissa
McLean, Ren Tan, Walter Abhayaratna and Rajeev K. Pathak.
The Canberra Hospital, Canberra, Australia

Background: Long-term right ventricular (RV) pacing can have
significant deleterious effects on ventricular function due to
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ventricular dyssynchrony. Increased QRS duration during pacing
correlates with ventricular dyssynchrony. His bundle pacing
(HBP) is a physiological alternative to RV pacing.
Objective: The aim of our study was to compare QRS duration
in an initial cohort of patients with HBP.
Methods: Forty-five patients (male = 31; age 69±12 years; sinus
node disease = 28, atrioventricular block = 17; left bundle branch
block (LBBB) = 11, right bundle branch block = 6) presented for
permanent pacemaker. A Medtronic® 69cm 3830 pacing lead
was positioned at the His bundle as a substitute for the right
ventricular lead. Device interrogation and serial ECGs were
performed at implant and repeated at one day, one week and six
weeks post implant.
Results: HBP was acutely successful in all cases. 3 patients
required extraction due to significant increase in the pacing
threshold after 6 weeks. Average lead parameters are displayed
(table 1). There was no significant difference observed between
overall intrinsic QRS duration and paced QRS duration (p =
0.27), however a significant reduction was seen in patients with
LBBB at implant (159±24 vs. 139±12; p= 0.03). Mean duration of
follow up was 251 ± 157 days. There was no significant change
in pacing threshold seen after implant.
Conclusion: HBP has shown to be an alternative to RV pacing
in this initial cohort of patients. By not significantly increasing the
ventricular paced QRS duration, the long term deleterious effects
of RV pacing can be avoided.
Table 1
Implant

Impedance
(Ω)
632 ± 158

1 week
6 weeks

Day 1

1 ± 0.6

Sensing
(mV)
6±4

Intrinsic QRS
(ms)
124 ± 38

Paced
QRS (ms)
121 ± 31

504 ± 65

0.9 ± 0.5

6±5

119 ± 35

115 ± 24

501 ± 75

1.3 ± 1.2

6±5

127 ± 35

127 ± 25

527 ± 88

Threshold (V)
0.9 ± 0.6

6±5

127 ± 36

122 ± 29

S-PO04-031
IMPLICATIONS OF CARDIORESPIRATORY FITNESS FOR
ATRIAL FIBRILLATION RECURRENCE IN OBESE AND
NON-OBESE INDIVIDUALS

Melissa E. Middeldorp, Adrian D. Elliott, PhD, Kadhim Kadhim,
MBChB, Dominik K. Linz, MD, Celine Gallagher, BSN, Rajeev
Kumar. Pathak, MBBS, PhD, FHRS, Dennis H. Lau, MBBS,
PhD, FHRS and Prashanthan Sanders, MBBS, PhD, FHRS.
Centre for Heart Rhythm Disorders, Adelaide, Australia, Centre
for Heart Rhythm Disorders, University of Adelaide, Adelaide,
Australia, University of Adelaide, Adelaide, Australia, Australian
National University and Canberra Hopsital, Pearce, Australia,
Royal Adelaide Hospital, Adelaide, Australia, University of
Adelaide, Royal Adelaide Hospital and Sahmfri, Adelaide, SA,
Australia
Background: Obesity and poor cardiorespiratory fitness (CRF)
have both individually been associated with a sustained burden
of atrial fibrillation (AF) and recurrences of arrhythmia. Whether
higher CRF can blunt the arrhythmogenic effects obesity has yet
to be explored.
Objective: To assess, whether higher CRF blunts the
arrhythmogenic effects of obesity in a cohort of patients with AF.
Methods: We undertook analysis of 715 consecutive patients
with AF from a single centre cohort. Of these, 540 had
undergone exercise testing to quantify CRF. Obesity was defined
as a BMI ≥30. All patients underwent routine clinical follow-up
over a period of 6.5±2.5 years. AF recurrence was determined
by ECG, 7-day Holter monitoring or pacemaker check and
defined as any atrial arrhythmia >30sec.
Results: At baseline, the median CRF was 7.5 METs.
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Patients were stratified by CRF as FIT (>7.5 METs) or UNFIT
(<7.5 METs). Baseline CRF was a significant predictor of
AF freedom at final follow-up (Multivariate OR 1.15, 95% CI:
1.05-1.26, p=0.003). Compared to Fit+Non-Obese patients
(Referent), there was no significant difference in AF freedom
for Fit+Obese patients (OR 0.89, 95% CI: 0.47-1.67, p=0.71) or
Unfit+Non-Obese patients (OR 0.64, 95% CI0.26-1.56, p=0.33).
Unfit+Obese patients were significantly less likely to be free of
AF during final follow-up (OR 0.47, 95% CI: 0.27-0.84, p=0.01).
Conclusion: CRF >7.5 METs in obese AF patients blunts the
negative effect of obesity on AF recurrence. Whether exercise
programs to improve CRF in obese AF patients can maintain
sinus rhythm warrants further study.

Urban vs Rural Clinical and Anticoagulation Characteristics
Variable

All

Urban

Rural

N

635

519

116

p-value

Age (years)

74.2

74.3

73.9

0.70

Female

358 (56.4%)

303 (58.4%)

55 (47.4%)

0.04

Caucasion

619 (97.5%)

503 (96.9%)

116 (100.0%)

0.23

Any Anticoagulant

389 (61.3%)

317 (61.1%)

72 (62.1%)

0.93

Eliquis

69 (10.9%)

57 (11.0%)

12 (10.3%)

0.97

Pradaxa

11 (1.7%)

7 (1.3%)

4 (3.4%)

0.12

Xarelto

69 (10.9%)

51 (9.8%)

18 (15.5%)

0.11

Coumadin

237 (37.3%)

198 (38.2%)

39 (33.6%)

0.42

S-PO04-033
A PILOT PROGRAM FOR REMOTE VIDEO ON DEMAND
WOUND CHECKS

Jessica Mullenix, MSN, AGNP-C, CVNP-C, Kimberly Rider,
RN, Kenya Anderson, RN, Tiffany Chasten, RN, Robert K.
Lewis, MD, PhD and Albert Y. Sun, MD. Durham VA Medical
Center, Durham, NC, Duke University Medical Center, Cardiac
Electrophysiology, Durham, NC

S-PO04-032
URBAN LEGEND: MAINE PATIENTS WITH
ATRIAL FIBRILLATION HAVE SIMILAR RATES OF
ANTICOAGULATION, REGARDLESS OF LOCATION

Kyle B. Cunningham, BSN, Wendy Craig, Jill Knutson, BSN,
Sanjeev A. Francis, MD and Henry W. Sesselberg, MD. Maine
Medical Center, Portland, ME
Background: AF often requires anticoagulation therapy. Since
NOACs have been introduced, patients living in urban vs rural
locations have not been reevaluated.
Objective: We compared anticoagulation between urban and
rural patients with AF and a high risk of stroke. The primary endpoint was the rate of anticoagulant use; secondary endpoint was
the use of Vitamin K antagonists vs NOACs.
Methods: Patients presenting to Maine Medical Center whose
data were captured in AHA Get With The Guidelines between
9/14/2015 and 10/01/2018 and CHA2DS2-VASc score ≥2
were eligible. Transferred patients, new AF/flutter, ablation,
WATCHMAN, or anti-arrhythmic initiation were excluded. Urban
and rural areas were defined using rural-urban commuting area
(RUCA) codes. Subgroup data was compared using chi-square,
Fisher’s exact test, and t-tests where appropriate.
Results: 635 patients were included; 116 (18%) from rural
areas. Anticoagulation rates were similar (61.1% urban,
62.1% rural, p=0.93). Rural patients were more likely to have
COPD (29.3% vs. 20.0%, p=0.04) and OSA (28.4% vs. 17.5%,
p=0.01). History of CVA/TIA and CHA2DS2-VASc scores were
similar [19% vs 16.4%, p=0.59; 3.4 (urban) vs. 3.8 (rural) 0.09,
respectively]. EF was also similar [51.1% (urban) vs 48.6%
(rural), p=0.092]. There was a higher use of NOACs in the rural
population that was not statistically significant (29.3% vs. 22.0%,
p=0.12).
Conclusion: Prior studies suggest that rural patients are
anticoagulated at an inferior rate. This analysis suggests:
1. Rural patients were anticoagulated at similar rates
compared to urban patients.
2. NOAC use trended higher in the rural setting.
3. Large studies are needed to confirm these results.

Background: The incidence of cardiac implantable electronic
device (CIED) related infections is on the rise and associated
with significant mortality and morbidity. The immediate post-op
period allows early detection of infection or device malfunction
however can be difficult for patients with significant travel or
access to care issues.
Objective: Utilizing the Veterans Affair (VA) tele-health system,
we conducted a pilot study to determine the ease and feasibility
of a remote Video on Demand (VOD) post implant wound check
visit.
Methods: 6 consecutive CIED implant patients were
approached. Patients could use a computer or mobile device
with a webcam. A VA provided iPad was shipped directly to
their home if needed. A virtual clinic room was created allowing
simultaneous video and audio communication. A remote
transmission was performed and a survey (Table 1) was
completed by the patient after the visit.
Results: 4 out of 6 patients completed the visit. 2 patients were
not able to operate the equipment and were offered standard
in person care. The mean age was 63 +/- 13. There were two
de novo implants and two generator changes. Out of a scale
of 1-10 (1 Unsatisfied to 10 Extremely satisfied), all patients
that completed the visit, rated all categories 10 out of 10. One
provider completed all the visits, rating visit ease 10 out of 10 as
well as ability to visualize the wound a 10 out of 10. No infections
or device malfunctions were detected. Photos of the wounds
were stored in the patient’s EMR for reference.
Conclusion: Video on Demand post wound checks are feasible,
safe, and associated with high patient and provider satisfaction.
They additionally allow improved documentation and ease of
clinical access.
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S-PO04-034
IMPACT OF DOFETILIDE CAREPATH POLICY ON LENGTH
OF STAY
Dena M. Evans, Kristen B. Campbell, PharmD and Anne
Rodino, PharmD. UNC Eshelman School of Pharmacy, Chapel
Hill, NC, Duke University Hospital, Pharmacy, Durham, NC,
UNC Hospitals, Pharmacy, Chapel Hill, NC

Background: Dofetilide must be initiated in an inpatient setting
with continuous telemetry monitoring for the first 5 doses. Duke
University Hospital (DUH) initiated the dofetilide carepath in
October 2014. Previously patients presented for admission in the
afternoon and the first dose was given at 2100; length of stay
(LOS) was 3 days. The carepath requires patients to present
at 0600 with a goal of administering 2 doses on the first and
second days and the fifth dose on day 3. This reduces LOS to 2
days.
Objective: To evaluate the efficacy of the dofetilide carepath
on reducing LOS (defined by number of midnights) as well as
barriers to success.
Methods: Single center, retrospective analysis of 100 patients
admitted for dofetilide load under the carepath.
Results: Sixty-one (61%) achieved goal LOS of two days.
Seventy-one patients (71%) received two doses on day 1. Of
the 29 patients who did not receive 2 doses on day 1, 14 (48%)
required electrolyte supplementation, 2 patients (7%) had
procurement issues, 5 patients (17%) required Direct Current
Cardioversion (DCCV), 1 (4%) had a sub-therapeutic INR and 7
(24%) were unidentifiable in the chart review.
Conclusion: The dofetilide carepath led to a decrease in LOS.
The most common reason for failure to receive 2 doses on day
one of admission was electrolyte imbalance. Future research will
focus on attempts to prevent electrolyte disturbances.
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Methods: The GC Pilot was executed February 6th- May 19th,
2017 at 16 US device clinics. A control group was created via
retrospective analysis of patients enrolled at these same clinics
February 8th- April 8th, 2016 (Medtronic CareLink database).
RM activation was defined as the first transmission post-implant.
Results: A higher rate of activation was observed in the GC
(in=1007) vs. control group (n=979) at 14 (41.3 vs. 36.9%,
p=.048), 30 (64.2 vs. 50.1%, &It.001) and 90 days post implant
(77.8 vs, 58.5%, &It.001). At year 1, activation and compliance to
schedule were similar between the two groups (activation: 90.4
vs. 88.8%; compliance: 71.7 vs. 74.2%, both >.05). Of patients
in the GC vs. control group enrolled in RM, the median time from
implant to activation (16 vs. 21 days, >.001) and 75th percentile
(36 vs. 135 days; figure) were lower.
Conclusion: The GC service improves the rate and decreases
variability of early RM activation compared to standard of
care. This may be clinically impactful as early RM activation is
associated with improved survival.

S-PO04-036
HIGH DENSITY MAPPING USING ADVISOR HD GRID
CATHETER FOR REPEAT PEDIATRIC ACCESSORY
PATHWAY ABLATION

Amy Bloomfield, BS, RCES, CEPS, Gerald Smith, RT(R)(CI),
RCES, Sarah K. Hussain, MD and Jason R. Imundo, MD,
FHRS, CEPS-P. Pennsylvania State Health Milton S. Hershey
Medical Center, Hershey, PA, Pennsylvania State Hershey
Children’s Hospital, Pediatric Cardiology/Electrophysiology,
Hummelstown, PA

S-PO04-035
NOVEL SERVICE FOR CARDIAC DEVICE PATIENTS
IMPROVES EARLY ACTIVATION IN REMOTE MONITORING
Sirena Robin. Bridges, MPH, MSN, FNP, Melissa C. Hauck,
BSN, FHRS, Carola Alfaro Vives, MS and Rachelle Kaplon.
Centennial Heart, Nashville, TN, Medtronic,Inc., Mounds View,
MN, Medtronic Inc., Mounds View, MN
Background: The Medtronic Get Connected (GC) Service
guides cardiac device patients through setup of remote
monitoring (RM) including monitor order, device pairing and
first transmission, freeing time for clinicians. This service is
associated with high clinician satisfaction, but the impact on
patient participation in RM and time to activation is unknown.
Objective: This analysis compares the time to RM activation
and compliance to schedule in cardiac device patients before
and after initiation of the GC Service.

Background: Ablation of AVRT in pediatric patients has high
success and low complication rate. Exact localization of the
accessory pathway (AP) potentials are critical for success. We
report the use of Advisor HD Grid catheter for detailed mapping
and localization of AP potentials in 2 patients with reoccurrence
of AP mediated tachycardia.
Objective: We describe 2 cases to demonstrate the safety and
efficacy of the HD Grid for localizing AP potentials.
Methods: Case 1: 15 year old with prior ablation for manifest
right anterior lateral AP with easily inducible ORT with prior
ablation. Six months post ablation, he had recurrent tachycardia
with pre-excitation on ECG. For repeat procedure, HD Grid was
used to create high density geometry for localization of the AP
(Figure 1A). RF ablation was performed. Case 2: 15 year old in
whom prior cryoablation had been successfully performed for
a concealed AP in the parahisian location; on follow up stress
test, tachycardia was induced. HD Grid was utilized for mapping
during ORT with cryoablation performed at site of earliest atrial
activation (Figure 1B). No inducible tachycardia or evidence of
retrograde AP conduction seen post ablation.
Results: HD Grid was safe and effective in mapping and
localizing APs for repeat ablations. There was no use of
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additional fluoroscopy or prolongation of procedural time, and
no embolic, vascular, or other complications noted from use of
the HD Grid catheter. Site of successful ablation matched AP
potentials on HD grid.
Conclusion: HD Grid is a safe and effective in localizing
AP potentials and is useful when AP mapping is difficult with
standard mapping catheters.

patients with a history of unroofed CS secundum ASD repair can
be eccentric. Careful entrainment and activation mapping during
atrial flutters in these patients should be performed to correctly
identify the mechanism of atrial flutter, to establish an effective
ablation strategy, and to protect patients from unnecessary
procedures such as transseptal puncture.

S-PO04-038
ATRIAL PACING THERAPIES FOR ATRIAL FIBRILLATION IS THERE A ROLE?

Melissa E. Middeldorp, Bradley Pitman, CCDS, Dian A.
Munawar, MD, Kadhim Kadhim, MBChB, Anand Thiyagarajah,
MBBS, CCDS, Catherine O’Shea, Ricardo Sadashi. Mishima,
MD, Dominik K. Linz, MD, Adrian D. Elliott, PhD, Dennis H. Lau,
MBBS, PhD, FHRS and Prashanthan Sanders, MBBS, PhD,
FHRS. Centre for Heart Rhythm Disorders, Adelaide, Australia,
Centre of Heart Rhythm Disorders, Adelaide, Australia, Centre
for Heart Rhythm Disorders, University of Adelaide, Adelaide,
Australia, University of Adelaide, Adelaide, Australia, Royal
Adelaide Hospital, Norwood, Australia, University of Adelaide,
Royal Adelaide Hospital and SAHMRI, Adelaide, SA, Australia

S-PO04-037
A COMMON ARRHYTHMIA IN A PATIENT WITH AN
UNUSUAL ATRIAL SEPTAL DEFECT (ASD) REPAIR

Monica Pammer Austin, PAC, Delbert Vannicolo, BSN, CCRN,
Justin Thomas, R.T. (R), Vivian Nguyen, RCIS, Heather
Reifsnyder, CEPS and Kurt Schillinger, MD, PhD. Penn
Medicine Chester County Hospital, West Chester, PA, Penn
Medicine Chester County Hospital, Leesport, PA, Chester
County Cardiology Associates, West Chester, PA
Background: Entrainment maneuvers and three-dimensional
activation mapping are critically important in establishing the
mechanisms of atrial flutter in patients who have undergone
surgery near the proximal coronary sinus (CS).
Objective: We describe the importance of atrial activation
mapping and entrainment to accurately diagnose the mechanism
of atrial flutter (AF) in a patient with a remote history of unroofed
coronary sinus secundum ASD repair.
Results: A 70 year old man with a remote history of an unroofed
CS secundum ASD repair and drug refractory atrial flutter
presented for ablation. The patient presented to the laboratory in
sustained atrial flutter (AF1) with a cycle length of 330 ms, and
distal to proximal coronary sinus (CS) activation. Entrainment
maneuvers performed from the distal-CS demonstrated a
long post-pacing interval (PPI) and manifest fusion on surface
ECG. Entrainment could not be performed from the proximal
CS catheter. The CS catheter was retracted and placed on
the lateral aspect of the tricuspid annulus. Entrainment here
was excellent with PPI 340-350 ms. Importantly, pacing in
the RA did NOT change the CS activation pattern, and this
phenomenon was consistent with a surgical disruption of the
connection between the proximal CS and the RA induced during
the patients’s ASD repair. CARTO 3D mapping system was
utilized to create a 3-dimentional representation of the RA, and
to project activation times during AF1 to this geometric shell.
Activation maps covered 100% of the AF1 cycle length in the
RA. Entrainment performed from the cavotricuspid isthmus
(CTI) with a Biosense Webster PentaRay catheter demonstrated
excellent PPIs (330-340 ms) and concealed fusion on the CS
catheter. CTI ablation was performed and during ablation AF1
lengthened and terminated. Bidirectional block was established
across the CTI.
Conclusion: CS activation patterns during right atrial flutters in

Background: Atrial pacing therapies such as atrial antitachycardia pacing (aATP) and atrial preferential pacing (APP)
have been designed to terminate episodes of atrial fibrillation
(AF). However, when applied empirically has resulted in diverse
outcomes.
Objective: We aimed to demonstrate the effect of aATP on AF
burden and symptoms in a patient whose atrial was disabled.
Results: An 83 year-old lady with sinus node disease and
paroxysmal AF underwent implantation of a Medtronic Advisa
DR in 2010. She had ischemic cardiomyopathy with preserved
left ventricular systolic function. At implant the device was
programmed as DDD mode pacing with managed ventricular
pacing and APP enabled. aATP therapy was enabled 8 weeks
after implantation. In November 2017, she had APP and ATP
therapies disabled as part of a study protocol, at that time her
AF burden was 0.8%. Over the next 6 months she had recurrent
hospitalisations for with decompensated heart failure. In June
2018, interrogation of the device showed a significant increase in
her AF burden to 53.9%, with persistent AF for almost a month.
Given her symptoms, she withdrew from the study and atrial
therapies were re-activated. Device interrogation in November
2018 (figure) showed reduction in AF burden to 4.8%, with no
change in antiarrhythmic drugs. This corresponded with rapid
improvement in symptoms and quality of life, and she had no
further hospitalisations.
Conclusion: While aATP in patients with pacemakers has to
date had varying results, this case study highlights the potential
role for aATP in the management of selected patients with AF
and pacemakers.
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S-PO04-039
MECHANISMS UNDERLYING ESTROGEN-INDUCED
ACCELERATED HEART RATE

Valérie Long, Simon Thibault and Celine Fiset. Montreal Heart
Institute, Montréal, QC, Canada
Background: We recently showed that pregnancy-induced
accelerated heart rate (HR) is explained by an increase in
estrogen levels through the estrogen receptor α (ERα). However,
cellular mechanisms underlying these effects on HR remain to
be proven.
Objective: Thus, this study aims to identify mechanisms by
which the estrogens regulate sinoatrial node (SAN) function and
automaticity.
Methods: Following oral administration of 17β-estradiol (E2)
to non-pregnant female mice (2-4 months old) lacking ERα
(ERKOα) or ERβ (ERKOβ), voltage-clamp experiments and
calcium transient recordings were realized on isolated sinoatrial
node (SAN) cells from both groups. Cellular electrophysiological
experiments were also carried out on nodal-like human-induced
pluripotent stem cell-derived cardiomyocytes (N-hiPSC-CM) to
assess the human applicability of our findings.
Results: Voltage-clamp data showed a significant increase in
the density of the pacemaker current (If) in SAN cells from E2treated ERKOβ mice (-33.5±1.8 pA/pF, n=29; +E2: -47.8±4.3 pA/
PF, n=11; p<0.001). However, the If density remains unchanged
in ERKOα mice (-36.2±4.6 pA/pF, n=4; +E2: -36.8±6.8 pA/PF,
n=6). N-hiPSC-CM treated with E2 also showed an increased
If density (-8.4±0.6 pA/PF, n=14) compared to non-treated
cells (-5.4±0.4 pA/pF, n=10, p<0.01). Additionally, E2-treated
N-hiPSC-CM exhibited an accelerated spontaneous action
potential (AP) rate (79.0±2.2 bpm, n=11; +E2: 99.6±5.5 bpm,
n=8; p<0.05) and a steeper diastolic depolarization rate of AP
(27.3±0.9 mV/s, +E2: 53.1±4.2 mV/s, p<0.05). Additionally, no
difference was observed in the spontaneous calcium transient
rate measured in SAN cells from ERKOα and ERKOβ mice. In
line with these results, the current density of the L-type calcium
current (ICaL) measured in N-hiPSC-CM was unchanged by E2
(-12.1±1.5 pA/pF, n=15; +E2: -12.2±1.2 pA/PF, n=23).
Conclusion: In conclusion, these results suggest that E2
increases cardiac automaticity by regulating the pacemaker
current, whereas the increased calcium transient and ICaL
observed during pregnancy are independent of E2. This work
provides novel and functional insight into the influence of
estrogens on cardiac automaticity.

S-PO04-040
CAMKII-DEPENDENT PHOSPHORYLATION OF NAV1.5 AT
SER571 PROMOTES ATRIAL LATE NA+ CURRENT, CA 2+
DYSREGULATION AND ATRIAL ARRHYTHMIA

Amara Greer-Short, Hassan Musa, Katherina M. Alsina, Li Ni,
Tarah Word, Julia Reynolds, Daniel Gratz, Cemantha Lane,
Mona El-Rafaey, Sathya Dev Unudurthi, PhD, Michel Skaf,
Xander H. T. Wehrens, MD, PhD, FHRS, Peter J. Mohler, PhD
and Thomas J. Hund, PhD. Ohio State University, Columbus,
OH, Ohio State University/Dorothy M Davis Heart and Lung
Research Institute, Columbus, OH, Baylor College of Medicine,
Graduate School of Biomedical Sciences, Bellaire, TX, Baylor
College of Medicine, Houston, TX, The Ohio State University,
Columbus, OH, Baylor College of Medicine, Dept of Molecular
Physiology and Biophysics, Houston, TX, Ohio State University/
Biomedical Engineering, Columbus, OH
Background: Abnormal Ca2+ handling promotes aberrant
membrane excitability important for atrial fibrillation (AF)
development. Increased Ca2+/calmodulin-dependent kinase
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II (CaMKII) activity and late “pathogenic” Na+ current (INa,L)
have been reported in atrial myocytes from AF patients. The
sequence of molecular events linking defects in CaMKII
activity to increased INa,L and loss of normal atrial myocyte Ca2+
homeostasis is not established.
Objective: To investigate the role that CaMKII-dependent
phosphorylation of cardiac voltage gated Na+ channel (Nav1.5)
at Ser571 has in modulating atrial INa,L, Ca2+ handling, and
arrhythmia.
Methods: Atrial excitability, Ca2+ cycling, and AF susceptibility
were determined in wild type (WT) and Scn5a knock-in mice
with a phosphomimetic (S571E) or phospho-ablated (S571A)
mutation at Ser571.
Results: INa,L was augmented in S571E atrial myocytes relative
to WT and S571A (INa,L = 2.4±4.5% of peak INa,0.6±0.4% and
0.4±0.5% in S571E, WT and S571A, respectively, p<0.05,
n>=4). Action potential duration (APD90) was prolonged in
S571E atrial myocytes compared to WT and S571A (APD90
= 19.6±1.1, 13.4±1.1, and 11.2±0.9 ms in S571E, WT and
S571A respectively, p<0.05, n>=6). S571E atrial myocytes had
increased Ca2+ spark frequency (sparks/100 μm/s = 8.5±0.5
and 3.2±1.5,in S571E and WT, p<0.05, n>=8). S571E mice
were more susceptible to AF following programmed stimulation
(AF inducibility = 83% and18% in S571E and WT, respectively
p<0.05, n>=6). Optical mapping showed that S571E atria were
more vulnerable to Ca2+-mediated arrhythmias compared to
WT (100% vs 25%, p<0.05, n>=4). Inhibition of RyR2 with
dantrolene (10 μM), inhibition of CaMKII with KN-93 (1 μM), or
genetic ablation of the CaMKII phosphorylation site on RyR2
(S571ExRyR2-S2814A) normalized AF inducibility in S571E
miceAF inducibility. S571E atria had an increase in CaMKII
activity and an upregulation of the CaMKII phosphorylation of
RyR2 at S2814.
Conclusion: CaMKII-dependent phosphorylation of Nav1.5
contributes to a pro-arrhythmia feedback loop in atrial myocytes
involving intracellular Ca2+ dysregulation.

S-PO04-041
SMALL-CONDUCTANCE CA2+-ACTIVATED K+
CHANNEL BLOCKADE PREVENTS HYPOXIA-INDUCED
VENTRICULAR ARRHYTHMIAS THROUGH INHIBITION
OF CA2+/VOLTAGE UNCOUPLING IN HYPERTROPHIED
HEARTS

Masayuki Takahashi, Hisashi Yokoshiki, Hirofumi Mitsuyama,
Masaya Watanabe, MD, PhD, Taro Tenma, Rui Kamada, Hikaru
Hagiwara, Yumi Takahashi and Toshihisa Anzai. Hokkaido
University Graduate School of Medicine, Sapporo, Japan,
Sapporo City General Hospital, Sapporo, Japan, Hokkaido
Ohno Memorial Hospital, Sapporo, Japan
Background: Ventricular arrhythmia (VA) is the major cause of
death in the patients with left ventricular hypertrophy (LVH) and/
or acute ischemia.
Objective: We tested the hypothesis that apamin, a blocker of
small-conductance Ca2+-activated K+ (SK) channels, alters
Ca2+ handling and exhibits anti-arrhythmic effects in ventricular
myocardium.
Methods: Spontaneous hypertensive rat (SHR) was used as a
model of LVH. The dual optical mapping of membrane potential
(Vm) and intracellular calcium (Cai) was performed in the global
hypoxia (GH) on Langendorff perfusion system in the presence
or absence of the drugs.
Results: The majority of pacing-induced VAs during GH
was initiated by triggered activities. Pretreatment of apamin
(100 nmol/L) inhibited the VA inducibility (vehicle: 100 % vs
apamin: 37.5%, p = 0.0065). Compared with SK channel
blockers (apamin and NS8593), non-SK channel blockers
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(glibenclamide, a KATP channel blocker and 4-AP, a transient
outward K+ channel blocker) did not exhibit significant antiarrhythmic effects. Apamin prevented not only action potential
duration (APD80) shortening (vehicle: −23.31±5.394 ms vs
apain: −4.247±4.124 ms, p = 0.0161) but also calcium transient
duration (CaTD80) prolongation (vehicle: 13.62±2.121 ms vs
apamin: 5.500±1.793 ms, p = 0.0121), thereby reducing the
difference between CaTD80 and APD80 (CaTD80− APD80)
which denotes “Cai/Vm uncoupling” during GH (vehicle:
36.92±4.068 ms vs apamin: 9.747±4.738 ms, p = 0.0005).
This inhibition of Cai/Vm uncoupling was attributable to less
prolonged Ca2+ decay constant (p = 0.0028) and suppression of
diastolic Cai level (p = 0.0287) by apamin.
Conclusion: Apamin prevents APD shortening and Ca2+
handling abnormalities, leading to inhibition of VA occurrence
during acute hypoxia in hypertrophied hearts.

S-PO04-043

S-PO04-042

Background: Atrial Fibrillation (AF), the most common type of
cardiac arrhythmias, is often associated with heart diseases and
ageing. However, AF sometimes develops in young people with
no evidence of other diseases. Since atrial remodelling following
AF makes it impossible to discriminate between causes and
effects, the molecular mechanisms leading to AF onset are still
poorly understood.
Objective: Here we want to use iPS cells-derived
cardiomyocytes, obtained from both controls and patients with
genetic forms of AF, to study the electrical alterations that can
underly the onset of this arrhythmias.
Methods: iPS cells were generated from two sisters with a
complex form of familial AF who share more than one hundred
mutated genes, one patient with a mutation in the PITX2 gene,
and three healthy controls. iPS cells were differentiated in
cardiomyocytes for 30 days. Patch-clamp analysis was used to
record and compare action potentials and ion currents.
Results: cardiomyocytes derived from the AF siblings display
a higher beating rate than those of controls (CTRL). Stimulated
action potentials were significantly prolonged (+74% of action
potential duration at 90% repolarization, APD90) in AF- than
CTRL-cardiomyocytes and, under stressful conditions,
generated more ectopic beats. AF cells show a significantly
larger pacemaker (If) and calcium (ICaL) currents than controls,
compatible with the faster rate and longer APD. PITX2cardiomyocytes instead showed a delay in maturation, a reduced
firing rate (-41.2%), a shorter action potential duration (-41.7% of
rate-corrected APD90), a larger amplitude (96.3±2.2 mV, n=32
vs 82.7±1.8 mV, n=61) and a steeper fast depolarization (dV/
dTmax 14.6±1.9 mV/ms, n=32 vs 9.0±1.4 mV/ms, n=61) than
CTRL-cells, likely indicating alterations in sodium and potassium
currents.
Conclusion: we report the first human cardiac cellular model of
AF. Using this model, we unmasked ion channels/action potential
alterations characteristic of the specific type of AF patients. This
approach may lay the basis for understanding the mechanism
responsible for the onset of genetic AF.

IMPAIRED VASCULAR FUNCTION IN A MOUSE MODEL OF
SPONTANEOUS AND SUSTAINED ATRIAL FIBRILLATION
Parmanand Dasrat, Christine A. Sison, B.S., Samantha M.
Parsons, BFA, Jared Kushner, MD, Uma Mashesh R. Avula,
M.D. and Elaine Y. Wan, MD, FACC, FAHA, FHRS. Columbia
University Vagelos College of Physicians and Surgeons, New
York, NY, Columbia University Medical Center, New York, NY

Background: Vascular dysfunction, as observed in patients
with atrial fibrillation (AF), leads to inflammation, thrombosis
and vasoconstriction. The etiology of vascular dysfunction in AF
remains to be fully elucidated and is limited by a lack of animal
models with sustained AF.
Objective: We aimed to study vascular function in double
transgenic mice, with a mutation (F1759A) in the SCN5A gene
of human cardiac Nav1.5 channel, dTG-F1759A sodium channel
Nav1.5 (SCN5A) in the heart with spontaneous and sustained
AF and triple transgenic mice dTG-F1859A with mitochondrial
catalase overexpression (MCAT-AF) to reduce reactive oxidative
stress.
Methods: Isolated mesenteric arteries from control single TG (11
vessels, n=5) were compared to dTG-F1759A (14 vessels, n= 5)
and MCAT-AF mice (11 vessels, n=3). Arteries were mounted on
a vessel myography system and perfused at varied pressures,
to determine myogenic tone and distensibility. Histopathological
specimens of mesenteric artery and aorta were analyzed for
cross-sectional thickness. Mice underwent blood pressure
monitoring via the tail-cuff volume pressure recording system.
Results: Telemetry showed dTG-F1759A mice had 34 ±7.4
%/24 hrs of AF and MCAT-AF had only 0.61 ±0.2%/24 hrs,
p<0.05. AF and MCAT mice had statistically significant reduction
of thickness in both mesenteric artery (24.6% and 42.5%) and
aorta (31.4% and 25.5%) p <0.05 by ANOVA) compared to
control. The mean systolic and diastolic blood pressures of
dTG-F1759A and MCAT-AF mice were both lower than control
(24.7 % vs 18.1 %). The mean myogenic tone @ 120 mg in AF
mice was 41% lower than control mice. There was a blunted
myogenic tone response in AF mice compared to control. In
MCAT-AF mice, myogenic response was present but reduced
compared to control. There was a 30% reduction in distensibility
of control mice compared to dTG-F1759A and MCAT-AF mice.
Conclusion: This mouse model of sustained and spontaneous
AF exhibits vascular dysfunction, as seen in patients with AF.
Control mice had thicker and less distensible mesenteric arteries
compared to dTG-F1759A and MCAT-AF mice, suggesting that
AF causes structural changes in the vasculature. Reduction of
mitochondrial dysfunction, leads to decreased AF burden and
decreased vascular dysfunction.

STUDYING THE MOLECULAR MECHANISMS OF FAMILIAL
ATRIAL FIBRILLATION ONSET USING PATIENTS’
INDUCED PLURIPOTENT STEM CELLS
Andrea Barbuti, PhD, Patrizia Benzoni, PhD, Sara Landi, Giulia
Campostrini, PhD, Federica Giannetti, Marcella Rocchetti,
PhD, Annalisa Bucchi, PhD, Mirko Baruscotti, PhD, Dario
DiFrancesco, PhD, Morten S. Olesen and Patrizia Dell’Era,
PhD. Università degli Studi di Milano, Milan, Italy, Università
degli Studi di Milano, Milan, Leiden University Medical Center
(LUMC), Leiden, Italy, Università degli Studi di Milano Bicocca,
Milan, Italy, University of Milano- Dept Biosciences, Milano,
Italy, Laboratory for Molecular Cardiology, The Heart Centre,
Rigshospitalet, Universit, Copenhagen, Denmark, Università
degli Studi di Brescia, Brescia, Italy

S-PO04-044
MIR-21 INHIBITOR-LOADED HUMAN PERIPHERAL
BLOOD-DERIVED EXOSOMES DECREASED FIBROSIS
AND ARRHYTHMIA IN MYOCARDIAL ISCHEMIA AND
REPERFUSION MODEL

Ji-Young Kang, Hyoeun Kim, Dasom Mun, Boyoung Joung,
MD, PhD and Nuri Yun. Yonsei University College of Medicine,
Seoul, Republic of Korea, Yonsei Medical College, Seoul,
Republic of Korea, Yonsei University, Seoul, Republic of Korea
Background: miRNAs regulate various pathophysiological
processes and preventive targets for cardiac protection.
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Exosomes play important roles in cell-to-cell communication and
biological functions by working as a delivery cargo for various
molecules including miRNAs. Application of a better delivery
method for miRNA can enhance its potential as a therapeutic
tool in cardiac diseases.
Objective: This study investigated whether human peripheral
blood-derived exosomes (PB-exosomes) could be used as a
delivery cargo for miRNA, and whether the miR-21 mimic or
inhibitor loaded PB-exosomes could have therapeutic effect in
mouse IR injury model.
Methods: Exosomes were isolated from human peripheral
blood, and were loaded with miR-21 mimic or inhibitor using
Exo-FectTM Exosome Transfection reagent. The effect of miR21 mimic or inhibitor loaded PB-exosomes were evaluated two
cardiac cell lines (eg. H9C2, HL-1) and mouse IR injury model.
For experimental mouse IR injury, the left anterior descending
(LAD) artery ligation was done with a 6-0 silk suture. After 1 h,
reperfusion was allowed by cutting the knot in the ligature. PBexosomes were administered by 3-intra-myocardial injections
before the surgical occlusion.
Results: Expression of the miR-21 was successfully regulated
by treatment with miR-21 mimic or inhibitor loaded PB-exosomes
in both in vitro and in vivo models. After IR injury, while miR-21
and MMP2 were significantly increased, Smad7 and PTEN were
decreased in heart compared with control. miR-21 inhibitorloaded PB-exosomes significantly reduced infarct size (p<0.001),
anddiminished arrhythmias with the reduction of fibrosis by
upregulating of Smad7 and PTEN, and downregulating of
MMP2. In contrast, in both hypoxia treated cardiac cells and
mouse IR model, miR-21 mimic-loaded PB-exosomes increased
the size of infarction and sudden death with the attenuation of
Smad7 and PTEN, and augmentation of MMP2.
Conclusion: Human peripheral blood derived-exosome
successfully delivered miRNA in cardiac cells and mouse hearts.
miR-21 inhibitor-loaded PB-exosomes might have a therapeutic
effect in mouse IR model. Overall, these findings suggested that
miRNA-loaded PB-exosomes could be used as a therapeutic
tool for cardiac diseases including arrhythmia.

S-PO04-045
CRITICAL VOLUME OF HUMAN TISSUE NECESSARY TO
SUSTAIN ARRHYTHMIAS: AN IN-SILICO STUDY

Enid Elle Loes. Van Nieuwenhuyse, BS, MS, Kedar Aras,
Hans Dierckx, MS, Nele Vandersickel, Igor R. Efimov, PhD,
FHRS and Alexander V. Panfilov, PhD. Department of Physics
and Astronomy, Ghent University, Ghent, Belgium, George
Washington University, Biomedical Engineering, WA, George
Washington University, Biomedical Engineering, Washington,
WA, Department of Physics and Astronomy, Ghent University,
Ghent, Belgium, Laboratory of Experimental Cardiology,
Department of Cardiology, Heart Lung Center, Leiden University
Medical Center, Leiden, The Netherlands
Background: In 1914 Walter Garrey introduced the idea that
a certain critical tissue mass of ventricular tissue is required
to sustain ventricular fibrillation (VF). But only recently the first
quantitative study in the human heart was published (Aras et
al., Circ A&E, e006692,2018). It was shown that to sustain
VF, tissue volume VT must be 4,4±0.6 times greater than the
wavelength volume Vλ , defined from the anisotropic CVs and
APD restitution curves.
Objective: We performed an in-silico study to identify factors
responsible for VF inducibility.
Methods: We created a virtual tissue wedge with rotational
anisotropy and size 7x3.2x1.5 cm3 (=33.6 cm3) with a modified
TNNP06 model. The effect of Pinacidil was studied by gradual
activation of channels. was determined as product of three
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wavelengths (APD80xCV) along, across the fibers, and
transmurally. The risk factor K = VT/Vλ. VF was induced by 50
Hz stimulation.
Results: Application of Pinacidil (increase in fATP ) decreased
APD and increased K. Inducibility of sustained VF occurred for
K > 3.97 (1B) and was normally maintained by long transmural
and shorter filaments (1A). For 3.32< K <3.97 we observed short
living VF with shorter filaments. For 2.4<K<3.32, only transient
VF was observed. VF was not inducible for K<2.4.
Conclusion: Sustained VF can be induced if K > 3.97 and is
associated with long transmural filaments. The value we found
from the in silico study is close to that reported in experiment,
indicating that this effect is based on the fundamental properties
of the tissue, such as size and anisotropy and does not require
functional or structural heterogeneity.

S-PO04-046
AUTOMATIC COMPUTATIONAL ACTION POTENTIAL
ANALYZING SYSTEM ENABLES ACCURATE DRUG
RESPONSE INTERPRETATION AND PREDICTION IN
HUMAN INDUCED PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES

Hirohiko Kohjitani, MD, Shigeya Koda, Takeru Makiyama, PhD,
Gao JingShan, Asami Kashiwa, MD, Yimin Wuriyanghai, Yuta
Yamamoto, DVM, PhD, Minoru Horie, MD, PhD, Takeshi Kimura
and Akira Amano. Department of Cardiovascular Medicine,
Kyoto University Hospital, Kyoto, Japan, Graduate School of Life
Sciences, Ritsumeikan University, Kusatsu, Japan, Department
of Cardiovascular Medicine, Kyoto University Graduate School
of Medicine, Kyoto, Japan, Kyoto University, Kyoto, Japan,
Shiga University of Medical Sciences, Ohtsu, Japan
Background: Human induced pluripotent stem cell-derived
cardiomyocytes (hiPSC-CMs) are anticipated to be a useful
tool for conducting proarrhythmia risk assessments of drug
candidates. However, they show different action potential (AP)
morphology among cells and cell lines, and electrophysiological
reaction for drugs must be different among each cell (Figure A).
In order to understand those phenomena, mathematical models
for AP analyzation is needed.
Objective: To construct precise model that is compatible for
drug testing and molecular disease prediction.
Methods: We developed novel hiPSC-CMs mathematical
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models based on HuVEC model (Asakura et al. 2014),
adopting experimental data of ionic channels from hiPSC-CMs.
We recorded APs from 50 hiPSC-CMs and emulated all AP
morphologies simulationally by changing conductance of each
ion current, using autonomic mathematical fitting method. After
that, we compared AP morphological change between in-silico
and in-vitro IKr-blocking test.
Results: All 50 AP morphologies were successfully
recapitulated in ± 1mV error range of each recorded points.
Result of simulational IKr-blocking test was shown in Figure
C. Morphological change of AP after E4031 application was
well recapitulated. AP duration of 90% decay (APD90) was
269 ms (in-vitro AP) vs. 274 ms (in-silico AP). After application
of IKr-blocking, APD90 was prolonged to 463 ms vs. 440 ms,
respectively.
Conclusion: In-silico approach that includes automatic
emulating simulation system enables prediction of in-vitro drug
testing in hiPSC-CMs. To interpret the results of hiPSC-CMs
drug testing appropriately, this computer simulation method is
very useful.

calculated to compare CL, CV and WL maps to circuit density
maps.
Results: Circuit density was higher inside patches compared
to outside (1.73 ± 1.46 vs 0.218 ± 0.253 respectively; p<0.001).
CL mapping was most sensitive to APD gradients with circuit
density vs CL (r2 = 0.78), CV (r2 = 0.76) and WL (r2 = 0.79). CV
mapping was more sensitive to resistance gradients with circuit
density vs CV (r2 = 0.83) and wavelength (r2 = 0.76) but not CL
(r2 = 0.09).
Conclusion: Mapping both CV and CL provides a more robust
tool for identifying drivers of MWR compared with CL alone.

S-PO04-048
VALIDATION OF NON-INVASIVE EPICARDIAL AND
ENDOCARDIAL REPOLARIZATION MAPPING

Jeanne G. van der Waal, MS, Veronique M.F. Meijborg,
PhD, Thom F. Oostendorp, PhD and Ruben Coronel, MD,
PhD. Amsterdam University Medical Centers, Amsterdam,
Netherlands, Donders Institute for Brain, Cognition and
Behaviour, Nijmegen, Netherlands

S-PO04-047
IMPROVED SENSITIVITY OF ATRIAL FIBRILLATION
DRIVER DETECTION USING WAVELENGTH MAPPING

Srinath Yeshwant, MD and Peter S. Spector, MD. University of
Vermont College of Medicine, Burlington, VT, The University of
Vermont Medical Center, Burlington, VT
Background: Multiwavelet reentry (MWR) is comprised of
multiple perpetually moving circuits and terminates only when
every circuit is interrupted. We previously demonstrated that
ablation targeting regions of high circuit density reduces MWR
duration. These regions are defined by cells that support
relatively short wavelengths and can be identified by highresolution frequency mapping. We hypothesize that mapping
conduction velocity in addition to tissue frequency can identify
regions of high circuit density that are blind to cycle length
mapping alone.
Objective: To identify the location of MWR drivers (area of high
circuit density) using conduction velocity (CV) and cycle length
(CL) mapping.
Methods: In a computational model of cardiac propagation, we
created 8x8cm tissues with a central patch of shorter wavelength
by varying resistance or action potential duration. 10 episodes
of MWR per tissue were induced (>10 seconds each). Circuit
density (#circuits/mm2/10s) was determined using a previously
published algorithm. CV and CL were measured. Wavelength
(WL) was calculated as CV x CL. Correlation coefficients were

Background: Electrocardiographic imaging is an emerging tool
to non-invasively map the cardiac electrical activity. The majority
of non-invasive mapping study methods allow reconstruction of
local electrograms on the epicardial surface only. The equivalent
dipole layer (EDL) model allows reconstruction of activation and
repolarization times on both epicardial and endocardial surface,
but has not been validated for repolarization.
Objective: To validate the EDL-based electrocardiographic
imaging method for repolarization times.
Methods: In four Langendorff perfused pig hearts, we
simultaneously recorded unipolar transmural electrograms
from 50 plunge needles (3-4 electrodes each, interelectrode
distance 4 mm) and pseudo-body surface potential ECGs from a
volume conducting container equipped with 61 electrodes. The
repolarization times were computed using the EDL model from
the pseudo-ECG recordings during sinus rhythm and ventricular
pacing and compared to those measured from the local unipolar
electrograms.
Results: The average duration of the T-wave on the ECG was
150±25 ms. Overall, the calculated and measured repolarization
times for a sinus beat showed an average mean absolute
difference of 21.3±13.7 ms. Repolarization patterns for ectopic
beats had an average mean absolute difference of 21.7±6.8 ms
(LV origin) and 16.9±3.3 ms (RV origin). Per reconstructed beat,
an average of 67±18% of the measurement sites in the hearts
had an error relative to the T-wave duration of less than 15%.
Intraclass correlation coefficients (ICC) showed significantly
good correlation (ICC>0.8) between measured and calculated
repolarization times in all three beats in one heart, and a
significant intermediate correlation (ICC>0.6) in one sinus beat,
one LV paced beat and one RV paced beat for the other three
hearts.
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Conclusion: Non-invasive electrocardiographic imaging
using the EDL model allows determination of endocardial and
epicardial repolarization times with good correspondence in the
majority of measurement sites in the hearts. It may contribute to
diagnosis, risk stratification and localized therapy guidance in
patients with ventricular arrhythmia.

S-PO04-049
BIPOLAR ELECTROGRAM MORPHOLOGY DEPENDS ON
CONDUCTION VELOCITY, CATHETER ORIENTATION,
SCAR SIZE, AND CATHETER TYPE: IN SILICO MODELING
STUDY

Minki Hwang, Jaehyuk Kim, Byounghyun Lim, Jun-Seop Song,
Boyoung Joung, MD, PhD, Han Yong Cho, Eun Bo Shim, PhD
and Hui-Nam Pak, MD, PhD. SiliconSapiens, Republic of Korea,
Yonsei University Health System, Republic of Korea, Yonsei
University Health System, Seoul, Republic of Korea, Yonsei
Medical College, Seoul, Republic of Korea, Kangwon National
University, Chuncheon, Republic of Korea
Background: The determinants of the morphology of bipolar
electrogram are not fully known.
Objective: We examined the effects of conduction velocity,
catheter orientation, scar size, and catheter type on the
morphology of bipolar electrogram using in silico 3-dimensional
realistic model of AF.
Methods: We constructed a 3-dimensional in silico realistic
model of atrial wave propagation including a model of bipolar
catheter. Bipolar electrograms were obtained by calculating
extracellular potentials for both distal and proximal electrodes
of the catheter. Bipolar amplitude and width were measured for
different conduction velocities, scar sizes, catheter type and the
catheter angles with respect to the wave direction and the atrial
wall. Virtual bipolar voltage was compared with clinical bipolar
voltage.
Results: 1. When conduction velocity decreased from 0.48 to
0.13 m/s, bipolar amplitude decreased (3.53±1.07 vs. 1.81±0.24
mV, p=0.014) and bipolar width increased (16±2 vs. 60±9 ms,
p<0.001). 2. When cardiac wave approached bipolar catheter
perpendicular to the axis of the catheter, bipolar amplitude
decreased compared to the wave approaching in the direction
of the catheter (3.53±1.07 vs. 1.59±0.45 mV, p<0.01). 3. When
bipolar catheter was positioned normal to the atrial wall, bipolar
amplitude decreased compared to the catheter lying on the
atrial wall (3.53±1.07 vs. 1.25±0.43 mV, p<0.001). 4. As the size
of scar increased, bipolar amplitude decreased (p<0.001) and
bipolar width increased (p<0.001). 5. Among the three types
of catheter (Thermocool, Pentaray, and Orion), Orion catheter
generated the highest bipolar voltage (7.34±3.59 vs. 3.77±1.85
vs. 1.77±0.53, p<0.001). 6. Clinical and virtual bipolar voltages
exhibited a moderate correlation (r=0.409, 0.333, and 0.318 for
Thermocool, Pentaray, and Orion catheter, respectively).
Conclusion: Bipolar electrogram amplitude and width depend
on conduction velocity, scar size, catheter type and the catheter
angles with respect to the wave direction and the atrial wall.

S-PO04-050
DEEP LEARNING FORMULATION OF ECGI TO INTEGRATE
IMAGING AND SPATIO-TEMPORAL CORRELATIONS
Tania Bacoyannis, MD, Julian Krebs, Hubert Cochet, MD,
PhD and Maxime Sermesant, PhD. INRIA Sophia Antipolis
Méditerranée, Sophia Antipolis, France, IHU Liryc, CHU /
Univ. Bordeaux / Inserm U1045, Pessac, France, Inria, Sophia
Antipolis, France

Background: Electrocardiographic imaging (ECGI) reconstructs
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cardiac electrical activity from electrical measurements on
the torso. It is usually solving the inverse problem of electrical
propagation through the body, without including detailed cardiac
information from imaging.
Objective: We propose a novel formulation of ECGI using
artificial intelligence in order to learn the influence of cardiac
shape/structure.
Methods: This deep learning method uses fully convolutional
neural networks to extract spatio-temporal correlations. The input
is a segmentation of the patient heart along with torso potentials.
The output is a volumetric activation map within the myocardium.
It uses a probabilistic formulation of ECGI to learn the conditional
probability of the activation knowing the 3D image and ECG
data. This is formulated as a Conditional Variational AutoEncoder, a machine learning method that explicitly computes this
conditional probability using a latent variable model of reduced
dimension.
Results: We present here first results on simulated data.
120 activation maps were simulated using a patient image
segmentation and the corresponding simulated body surface
potentials. The model was trained on 80% of the data and
tested on the remaining 20%. We obtain promising results in the
prediction of the activation pattern.
Conclusion: This innovative formulation of ECGI using machine
learning may overcome the limitations of classical approaches
by leveraging imaging data and spatio-temporal correlations
between signals and activation maps. Moreover, while training
time is important, subsequent patient predictions are very fast,
and rendered within a probabilistic framework.

S-PO04-051
RYR2 MODULATION MITIGATES CARDIAC CONTRACTILE
DYSFUNCTION FOLLOWING ACUTE MYOPATHIC INSULT

Daoyuan Si, MD, Mohammed Ali Azam, MBBS, PhD, Sachin
Nayyar, MBBS, MD, PhD, CCDS, CEPS-A, Stephane Masse,
MASc, Mahmoud M. Bokhari, MBBS, Patrick F.H. Lai, MSc and
Kumaraswamy Nanthakumar, MD. China-Japan Union Hospital
of Jilin University, Changchun, China, The Hull Family Cardiac
Fibrillation Management Laboratory, Toronto General Hospital,
University Health Network, Toronto, ON, Canada
Background: In heart failure, decreased cardiac contractility
contributes to poor outcome. Impaired cardiac contractility is
associated with dysregulation of intracellular calcium dynamics
and dysfunctional ryanodine receptor 2 (RyR2).
Objective: To determine the effects of the RyR2 modulator
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azumolene on cardiac contractility in an ex-vivo experimental
model of acute myopathic insult.
Methods: After stabilization, Langendorff-perfused rabbit
hearts were subjected to global ischemia and burst pacing to
simulate acute myopathic insult, leading to cardiac contractile
dysfunction. Azumolene (20μM) or deionized distilled water was
infused following ischemia. Left ventricular (LV) pressure was
measured using a balloon inserted into the LV to assess the
effects of azumolene on cardiac contractility (n=12). Another
batch of experiments (n=16), the anterior wall of the LV was
optically mapped for calcium fluorescent by using Rhod-2 AM in
the presence of blebbistatin at baseline and following myopathic
insult. Temporal evolution and spatial distribution of the calcium
alternans (CA) index across the optical map were used as
a surrogate for the spatiotemporal heterogeneity of calcium
transient. The CA index was defined as the ratio of beat-to-beat
differences in calcium transient amplitude.
Results: Following myopathic insult left ventricular developed
pressure (p=0.002) and dp/dtmax (p=0.003) were significantly
reduced compared to baseline. Treatment with azumolene
significantly improved left ventricular developed pressure
(p=0.003) and the dp/dtmax (p=0.004) compared to control
heart. The CA index and spatiotemporal heterogeneity were
significantly increased (p<0.05) compared to baseline. Such
changes were not observed in azumolene-treated hearts,
suggesting that the discordant calcium handling in the acutely
myopathic hearts was abrogated by RyR2 modulation which
contributed to improvement in cardiac contractile function.
Conclusion: Following acute myocardial insult, azumolene
improved cardiac contractile function by improving
spatiotemporal heterogeneity of calcium alternans. These results
call for further investigation into RyR2 modulation as a promising
pharmacological strategy in the chronic heart failure model.

S-PO04-052
DOXORUBICIN-INDUCED CARDIOMYOPATHY: CALCIUM
DYNAMICS AND RYANODINE RECEPTOR DYSFUNCTION

Mohammed Ali Azam, Keith Dadson, Beibei Du, Daoyuan
Si, Stéphane Massé, Mahmoud Bokhari, Patrick F. H. Lai,
Prashant Aukhojee, Paaladinesh Thavendiranathan, Filio Billia
and Kumaraswamy Nanthakumar. The Hull Family Cardiac
Fibrillation Management Laboratory, Toronto General Hospital,
University Health Network, Toronto, ON, Canada, University
Health Network, Toronto, ON, Canada
Background: Doxorubicin is a common chemotherapeutic agent
but its use is associated with cardiotoxicity. The link between
doxorubicin-induced cardiotoxicity and calcium dynamics is
unknown. Here we investigated the effects of doxorubicin
treatment on cardiac calcium dynamics in an in vivo mouse
model.
Objective: To determine the effects of doxorubicin in cardiac
calcium dynamics.
Methods: A single dose of doxorubicin (10mg/kg) or saline was
administered intraperitoneally to induce cardiomyopathy in mice
(n=10-12). Fourteen days later, the mice were sacrificed and the
hearts were perfused in a Langendorff setup. After stabilization,
Rhod-2AM and blebbistatin were infused and ventricular
epicardial calcium fluorescence was optically measured following
a pace-and-pause protocol. Calcium transient duration 50
(CaTD50), calcium transient duration 80 (CaTD80), calcium
alternans ratio, and spontaneous calcium elevation were
measured using custom MATLAB codes.
Results: Diastolic spontaneous calcium elevation (p=0.034)
and calcium alternans (p=0.002) were higher in doxorubicintreated mice hearts compared to controls. In vivo treatment with
doxorubicin prolonged both CaTD50 (p=0.016) and CaTD80

(p=0.005) and decreased CaTD50-to-CaTD80 ratio (p=0.016)
compared to control hearts. Spontaneous calcium elevation and
alternans abnormality indicate Ryanodine Receptor-specific
dysfunction. Decreased CaTD50-to-CaTD80 ratio could be due
to abnormal cytosolic calcium clearance and thus dysfunctional
SERCA2a.
Conclusion: Doxorubicin-induced cardiomyopathy is
associated with abnormal calcium handling and ryanodine
receptor dysfunction definitively contributes to the dysfunctional
dynamics. There are other mechanisms such as SERCA2a
activity that may need to be explored further. Delineation of
these mechanisms may provide opportunities for targeted
prevention of doxorubicin induced cardiotoxicity.

S-PO04-053
IDENTIFICATION OF SITES WHERE ABLATION
TERMINATES PERSISTENT AF USING NOVEL WAVE FLOW
FIELD ANALYSIS
Christopher Kowalewski, Miguel Rodrigo, PhD, Mahmood I.
Alhusseini, BS, MS, Wouter-Jan Rappel, PhD and Sanjiv M.
Narayan, MD, PhD, FHRS. Stanford University, Stanford, CA,
UPV, Valencia, Spain, Department of Physics, La Jolla, CA

Background: Mechanisms for persistent atrial fibrillation (AF)
are unclear despite analysis of electrogram shape, rate and
dominant frequency. We hypothesized that flow field analysis,
used in fluid dynamics to quantify complex spatial patterns, may
help identify critical regions for ablation of human AF.
Objective: To perform spatial analysis of areas of organization
at sites where ablation terminated persistent AF versus random
control sites, for prolonged durations.
Methods: We recruited 55 patients with persistent AF (62.2±9.7
years, 76% male) with AF termination from a multicenter study.
We recorded from 64-pole baskets (Abbott) for 360±45 cycles.
We analyzed activation using wave flow fields, indicating
directions of activation to define areas in which the atrium is
organized and may rotate. This Rotational/Focal activity can be
quantified by computing the vorticity/divergence of the vector
field.
Results: The figure shows (A) the vorticity and flow field in a
51 year old man, indicating 2 rotational sources, and (B) the
divergence and flow field in a 54 year old man, demonstrating
a focal source. Ablation terminated AF at the location of these
sources. Overall, sites of termination showed a vorticity index of
20.7±9.1 compared to 16.5±7.2 at control sites (p=0.002). The
technique eliminates subjectivity in reading maps and may guide
ablation.
Conclusion: Conclusions: Wave front flow field mapping
provides a new approach to map AF, and can identify focal and
rotational sites in persistent AF automatically where ablation
terminates AF. This approach may help to automatically detect
drivers and eliminate subjectivity in mapping.
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S-PO04-054
FOCAL AND RE-ENTRANT PURKINJE-RELATED
ARRHYTHMIA DYNAMICS IN 3D

Richard D. Walton, PhD, Nicolas Bidegain, MSc, Meleze Hocini,
MD, Michel Haissaguerre, MD, PhD and Olivier Bernus, PhD.
IHU-LIRYC, Bordeaux, France, University of Paris Diderot,
Paris, France, CHU Bordeaux, Bordeaux, France, IHU LIRYC,
Bordeaux, France
Background: The Purkinje network is implicated in
arrhythmogenesis and arrhythmia maintenance in idiopathic
cases and across a broad spectrum of cardiac diseases. The
complex extensive fibrous network presents a challenging
structure to investigate, as the majority lies beneath the tissue
surface.
Objective: To apply novel transmural optical mapping tools to
elucidate 3D spatial and temporal dynamics of complex Purkinjerelated arrhythmias in large mammalian hearts.
Methods: Dual-excitation wavelength optical mapping was
applied to dual-coronary perfused ventricles from pigs (N=12)
stained with DI-4ANBDQBS. Illumination was modulated
between 530 and 627nm. A dual CMOS camera imaging
system enabled simultaneous EPI and ENDO surface imaging.
Combined, a total of 8 imaging modalities are acquired
simultaneously and a weighting scheme, based on the depth
dependence of photon density for each imaging modality was
applied to reconstruct signals at 700µm isotropic at 500 fps.
Preparations were stimulated at the His, free-running Purkinje
fibers (PF), epicardial or endocardial sites.
Results: Purkinje-muscle junctions (PMJ), identified as
myocardial origins of activation during His-Purkinje pacing, were
found at all depths but the majority were sub-endocardial (67%).
Local action potential duration was significantly longer by 18±15
ms at the PMJ than surrounding tissue at 2 Hz pacing. S1S2
and burst pacing induced arrhythmia with two populations of
complexity, divided by an RI minima of 0.7; corresponding to VF
and VT. PF burst pacing preferentially induced VF (68%), whilst
S1S2 showed equal occurrences of VF and VT (51% VF). DF
was unchanged (7.3±2.5 Hz), but a linear decline of RI during
VF was observed for burst pacing over 10 minutes, but remained
stable with S1S2. 3D co-localization between focal activity
and PMJs was observed for both VT and VF, but VT only for
singularity points.
Conclusion: The Purkinje network is implicated in the
maintenance of a broad spectrum of arrhythmia complexities.

S-PO04-055
CRITICAL REPOLARIZATION GRADIENTS DETERMINE
THE INDUCTION OF TORSADE DE POINTES ARRHYTHMIA
IN A PORCINE MODEL OF LONG QT SYNDROME
Mathilde R. Rivaud, Veronique M.F. Meijborg, PhD, Jason D.
Bayer, MS, PhD, Laura R. Bear, PhD, Remi Dubois, PhD and
Ruben Coronel, MD, PhD. Amsterdam UMC, Amsterdam,
Netherlands, University of Bordeaux, Pessac, France, IHULIRYC, Pessac, France, IHU LIRYC, Pessac, France, Academic
Medical Centre, Amsterdam, Netherlands

Background: Torsade de Pointes arrhythmia is a non-sustained
polymorphic ventricular tachyarrhythmia (nspVT) that can
deteriorate into ventricular fibrillation in the setting of long QT
syndrome. Arrhythmia susceptibility is influenced by risk factors
that modify repolarization (hypokalemia, bradycardia and short
long short cycles). We hypothesized that critical repolarization
gradients are crucial to the induction of nspVT.
Objective: To characterize repolarization gradients in relation to
nspVT inducibility in a porcine model of long QT syndrome.
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Methods: The left anterior descending (LAD) artery of isolated,
Langendorff blood perfused pig hearts (n=5, 40-45kg) was
cannulated and Sotalol (130µM) was infused regionally to
create repolarization heterogeneity. Epicardial repolarization
mapping (9x12 electrode grid) was performed on the entire
heart. Repolarization restitution pacing (S1-S2; basic cycle
length 700-800ms) and arrhythmia induction protocols (with up
to 8 premature beats) were performed from the myocardium with
long and short repolarization.
Results: After Sotalol infusion in the LAD, the repolarization
restitution curves from the long and short repolarizing areas
crossed at a coupling interval of 350 ± 12 ms. At coupling
intervals larger than the cross-over, the electrograms from
the Sotalol area show a negative T-wave and those from the
normally perfused region a positive T-wave. At coupling intervals
shorter than the cross over, the T-waves of both areas inverted.
nspVTs (n=9) were inducible by pacing from the non-Sotalol
perfused myocardium, only in a critical range of moderately
increased baseline repolarization times (250-284 ms) and of
repolarization dispersion in the heart (73-91 ms). The cycle
lengths of the arrhythmias were similar in both regions (160
ms). Double frequency potentials were observed at the interface
between the short and long repolarization regions.
Conclusion: T-wave inversion occurs during pacing at coupling
intervals around the restitution crossing point. nspVT are
only inducible in a critical range of repolarization times and
repolarization heterogeneities in the heart, and are likely based
on a reentrant mechanism involving a reentrant circuit anchoring
at the repolarization gradient.

S-PO04-056
MORE EFFICACY AND SAFETY OF BIPOLAR CATHETER
ABLATION THAN UNIPOLAR ABLATION IN VENTRICULAR
MYOCARDIUM
Fengxiang Zhang, MD, PhD, FHRS, Baohan Fan, Qiushi Chen,
Wenwu Zhu, Wenwu Zhu and Pipin Kojodjojo. First Affiliated
Hospital of Najing Medical University, Nanjing, China, National
University Heart Centre, Singapore, Singapore

Background: Bipolar ablation has been used successfully
for catheter ablation of arrhythmias refractory to conventional
unipolar ablation. However, there is no commercially available
equipment for bipolar ablation and limited data exists about the
optimal configuration.
Objective: In this study, we investigated whether bipolar
catheter ablation with more efficacy and safety than unipolar
ablation in ventricular myocardium.
Methods: Isolated ventricular septum (VS) and left ventricular
free walls (FW) from freshly harvested adult porcine hearts were
suspended in a Hartmann’s solution bath warmed to 37°C. A
customized radiofrequency energy generator was developed
to perform bipolar ablation. Lesions were created by sequential
unipolar (UNI) and bipolar (BI) ablation using contact-forcing
sensing catheters (fixed at 20g) in multiple combinations.
(power varied from 20W to 40W; 4mm irrigated versus 8mm
tipped catheters as the return electrode; active electrode on
epicardium versus endocardial surfaces) Maximum power
delivered, impedance, tissue and catheter tip temperatures,
lesion dimensions, transmurality and the occurrences of steam
pops were recorded.
Results: 275 lesions from 9 pig hearts (mean weight of 506
± 111 g) were analysed. On the FW, BI resulted in narrower
and smaller lesions compared to UNI (p<0.01) but a higher
proportion of BI lesions were transmural. UNI created more
steam pops (30W - 86.2% vs 46.2%, p<0.01). Lesion volume
was larger when the active catheter during BI was placed on the
epicardial surface (429.2 ± 148.9 vs 334.5 ± 156.3 mm3, p =
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0.04). Increasing power from 20W to 40W resulted in stepwise
increases in lesion volume, lesion depth and transmurality, at the
expense of more steam pops. Similar findings were replicated on
the IVS. The 8mm tip ground electrode resulted in larger lesion
volume compared to 4mm irrigated tip (365 ± 143.9 vs 300.1 ±
111.0 mm3, p=0.04). Temperatures up to 80°C were recorded on
the ground electrode during BI.
Conclusion: BI increases the ability to target deep myocardial
targets, with a lower risk of steam pops.

S-PO04-057
ANGIOTENSIN RECEPTOR NEPRILYSIN INHIBITION
DECREASES AF ARRHYTHMOGENESIS RESULTING
FROM ATRIAL NATRIURETIC PEPTIDE REDUCTION
FOLLOWING LEFT ATRIAL APPENDAGE OCCLUSION:
CONCEPT OF NEUROHORMONAL MODULATION IN
HEART FAILURE MODEL

Li-Wei Lo, MD, PhD, Yu-Hui Chou, MS, Shin-Huei Liu, MD,
Tsung Ying Tsai, MD, Wen-Han Cheng, MD, Wei-Lun Lin,
MS, Tzu-Yen Peng, Pin-Yi Lin, MD, Shinya Yamada, MD and
Shih-Ann Chen, MD. Taipei Veterans General Hospital, Taipei,
Taiwan
Background: Left atrial appendage (LAA) closure is an
emerging technique for stroke prevention in AF, but LAA itself
also serves as a blood volume reservoir & is a neuroendocrine
organ that secreting atrial natriuretic peptide (ANP).
Objective: The study aimed to study the atrial arrhythmogenicity
after LAA closure in HF model.
Methods: 24 rabbits, randomized to control, LAA closure,
HF-LAA closure & HF-LAA closure with Sacubitril/valsartan
(angiotensin receptor neprilysin inhibitor, ARNi) treatment (Gr
1,2,3,4). LAA closure was done epicadially in Gr 2 to 4. We
used HF-AF model in Gr 3 & 4 with rapid RV pacing. Atrial
myocardium was harvested for Western blot & Trichrome stain.
Results: There were no difference of atrial ERPs between Gr
1 & 2 in both RA & LA, respectively. Atrial ERP prolonged in
Gr 3, when compared to those in Gr1 & 2, in both RA & LA,
respectively. The prolongation restored to baseline in Gr 4
after neprilysin inhibition (Fig A). AF window of vulnerability
was significantly elevated in Gr 2 to 4, when compared to Gr 1,
respectively. But it is lower in Gr 4, when compared to that in Gr
3 (Fig B). Western blot showed significant marked decreased
expressions of calcium handle proteins (CaV1.2, RyR, SERCA
and NCX) in Gr 2 & 3, moderate decreased in Gr4, compared
Gr1 (Fig C). ANP decreased in Gr 2 (785±103 pg/ml, p=0.03),
failed to increase in Gr 3 (917±172 pg/ml, p=0.3), increased
in Gr 4 (1524±126 pg/ml, p<0.01 )when compared to Gr 1
(1014±56 pg/ml), respectively.
Conclusion: LAA closure causes neurohormonal remodeling
with decreasing ANP, which in terns increase AF inducibility.
Those changes can be suppressed after ARNi. Whether
LAA closure is advantageous to patients with AF should be
reconsidered.

S-PO04-058
RENAL SYMPATHETIC DENERVATION EFFECTIVELY
SUPPRESSED VENTRICULAR ARRHYTHMIAS THROUGH
REVERSE REMODELING OF IONIC CHANNEL MRNA
EXPRESSION AND NORMALIZATION OF MYOCARDIAL
REFRACTORINESS IN LONG QT SYNDROME
Li-Wei Lo, MD, PhD, Yu-Hui Chou, MS, Shin-Huei Liu, MD,
Tsung Ying Tsai, MD, Wen-Han Cheng, MD, Wei-Lun Lin,
MS, Tzu-Yen Peng, Pin-Yi Lin and Shih-Ann Chen, MD. Taipei
Veterans General Hospital, Taipei, Taiwan

Background: Evidence supports the sympathetcomy in treating
Long QT (LQT) syndrome effectively.
Objective: The purpose of this study was to evaluate the effect
of renal artery denervation (RDN) in preventing malignant
arrhythmia in an in vivo rabbit model.
Methods: Of 56 rabbits, randomized to control, LQT1, LQT1RDN, LQT2, LQT2-RDN, LQT3 & LQT3-RDN. LQT 1, 2 & 3
syndromes were simulated by infusion of HMR-1556 (500 nmol/
kg/min), erythromycin (400 nmol/kg/min) & veratridine (4μM/
kg/min), respectively. Chemical RDN was approached through
bilateral retroperitoneal flank incisions.
Results: Corrected QT (QTc) interval prolongation was noted in
all LQT groups, but attenuated in LQT2-RDN and normalized in
LQT1-RDN & LQT3-RDN rabbits. The atrial ERPs were longer
in LQT1 & 2, than that of LQT1-RDN & LQT2-RDN, respectively.
The ventricular ERP was longer in LQT2, than that of LQT2RDN rabbits. There was no differences of ERPs between
LQT3 & LQT3-RDN (Table). VF inducibility tests were higher
in all LQT groups, when compared to respective RDN groups.
Spontaneous polymorphic VTs were found in LQT2 (83%), LQT1
(25%), but not LQT3 or any RDN rabbits. Comparing between
LQT & RDN groups, the Kv7.1 & Kv11.1 mRNA expressions
increased in LQT1-RDN & LQT2-RDN, respectively, whereas
NaV1.5 decreased in LQT3-RDN group, when compared to that
in LQT rabbits without RDN, respectively.
Conclusion: RDN not only attenuates sympathetic activity but
also changes target ionic mRNA expressions, with normalization
of prolonged QTc & refractoriness in LQT syndrome, which in
turns decreases induced & spontaneous ventricular arrhythmias,
suggesting that RDN is a novel therapeutic strategy in patients
with LQT syndrome.
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S-PO04-059
EVIDENCE OF VENTRICULAR ARRHYTHMOGENICITY
AND CARDIAC SYMPATHETIC INNERVATION IN
CIRRHOTIC CARDIOMYOPATHY

Shin-Huei Liu, MD, Li-Wei Lo, MD, PhD, Yu-Hui Chou, MS, WeiLun Lin, MS, Tzu-Yen Peng, MS, Pin-Yi Lin, MS, Yenn-Jiang Lin,
MD, PhD, Shih-Lin Chang, MD, PhD, Fa-Po Chung, MD, YuFeng Hu, MD, Hui-Chun Huang, MD and Shih-Ann Chen, MD.
Heart Rhythm Center and Division of Cardiology, Department
of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan,
Division of Gastroenterology, Department of Medicine, Taipei
Veterans General Hospital, Taipei, Taiwan
Background: Prolong QT intervals have been reported in
cirrhotic cardiomyopathy (CMP) leading to CV risk but the
cardiac EP properties in cirrhotic CMP is questionable.
Objective: We aimed to evaluate the cardiac EP properties,
autonomic and structural remodeling in rabbits with cirrhotic
CMP.
Methods: Twelve New Zealand male rabbits, weighing 2-3 kg,
were randomized to control and bile duct ligation (BDL) group.
The model of early stage liver cirrhosis was done by BDL. All
rabbits received blood test, EP study and VT/VF inducibility
test. Myocardium was harvest for Masson’s trichrome stain and
tyrosine immunohistochemical (IHC) stain.
Results: Serum test of T-bilirubin and creatinine in the BDL
group was significantly elevated compared with control
(7.45±1.61 vs 0.05±0.04 and 1.32±0.10 vs 0.68±0.11, both
p<0.005). The LVEF in BDL group was significantly decreased
compared with control (43.20±7.30 vs 64.02±8.50, p<0.005),
retrospectively. The effective refractory period of all chambers
in BDL group were significantly longer than control group (all
p<0.005 between 2 groups, Fig 1), retrospectively. The VT/
VF inducibility is elevated in BDL group when compared with
control (21.53±17.65% vs 7.76±2.44%, p=0.048). The fibrotic
tissue of BDL group was significantly increased when compared
with control group (all p<0.005 between 2 groups, Fig 2 & 3).
Sympathetic innervation was increased in both ventricles of BDL
group compared with control (Figure 4).
Conclusion: Cirrhotic CMP increases ventricular vulnerability,
structural heterogeneity and sympathetic remodeling. Close
monitoring for potentially fatal arrhythmias is warranted even in
early stages of liver cirrhosis.

S-PO04-060
INFLUENCE OF ESTROGEN SUPPLEMENT ON
STRUCTURAL REMODELING AND ARRHYTHMOGENICITY
IN MENOPAUSE

Shin-Huei Liu, MD, Li-Wei Lo, MD, PhD, Yu-Hui Chou, MS, WeiLun Lin, MS, Tzu-Yen Peng, MS, Pin-Yi Lin, Tsung Ying Tsai,
MD, Wen-Han Cheng, MD, Yenn-Jiang Lin, MD, PhD, Shih-Lin
Chang, MD, PhD, Fa-Po Chung, MD, Yu-Feng Hu and Shih-Ann
Chen, MD. Heart Rhythm Center and Division of Cardiology,
Department of Medicine, Taipei Veterans General Hospital,
Taipei, Taiwan
Background: Menopausal patients experience increased
CV events by autonomic dysfunction leading to arrhythmic
vulnerability. Estrogen supplement has numerous beneficial
effects on the CV outcome. However, the hypothesis that
estrogen is cardioprotective still remains questionable.
Objective: We aimed to evaluate the effect of estrogen
supplement on autonomic functions and cardiac remodeling in
menopausal rabbits.
Methods: Eleven New Zealand female rabbits, weighing 2-3 kg,
were randomized into control group (n=4), OVX-Placebo group
(n=4) and OVX-Estrogen group (n=3). The menopause model
was done by bilateral oophorectomy. All rabbits received blood
sample, EP study and VT/VF inducibility test. Myocardium was
harvest for Trichrome stain.
Results: The ERPs of atrium and ventricle revealed no
difference among 3 groups.The VT inducibility of OVX-E
group is elevated when compared to control (19.44±4.85% vs
6.09±1.78%, p=0.036). The bipolar domain frequency of OVX-E
group was significantly higher than control and OVX-Placebo
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group (10.60±16.42 vs 9.38±7.47, p<0.001). The percentage of
myocardial mass in OVX-E group was higher than OVX-Placebo
group (94.43±3.70% vs 92.13±3.70%, p=0.033) and was similar
to control group (94.43±3.70% vs 95.25±2.48%, p=0.474) (Fig 1
& 2). The fibrotic tissue of OVX-Placebo group was higher than
OVX-E (7.87±3.70% vs 5.57±3.70%, p=0.033) and control group
(7.87±3.70% vs 4.75±2.48%, p<0.005) (Fig 1 & 2).
Conclusion: Menopause causes structural remodeling and
increases inducibility to arrhythmias in the ventricle. While
estrogen supplement may preserve the myocardial mass
and prevent fibrosis, it cannot prevent the vulnerability to
arrhythmias.

Background: Regional differences in ventricular repolarization
in response to sympathetic stimulation are important for
arrhythmogenesis. However, both shortening and prolonging
effects on repolarization have been reported. Whether stellate
stimulation induces temporal changes in regional or transmural
repolarization has not been evaluated.
Objective: To evaluate the spatiotemporal effects of sympathetic
stimulation.
Methods: Five pigs underwent median sternotomy to expose the
heart and the thoracic sympathetic ganglia. Up to 24 transmural
plunge needles with 4 electrodes each (4mm interelectrode
distance) were inserted into the RV and LV anterior, lateral and
posterior wall. Unipolar electrograms and LV pressures were
recorded during atrial pacing (cycle length of 450ms) during 20
sec left or right stellate ganglion stimulation (LSGS or RSGS), or
during 20 sec banding of the descending aorta.
Results: LSGS resulted in a biphasic response in repolarization
time (RT) in the LV lateral and posterior wall (both p<0.01 for
interaction with LSGS), with early prolongation at ~5 seconds
(+8±3 and +12±8 ms, respectively, mean±SEM, both p<0.01)
and followed by a late RT shortening at 20-30 seconds (-29±9
and -32±8 ms, respectively, both p<0.01). In the LV posterior
wall, the sub-epicardium showed a larger late shortening of
repolarization than sub-endocardium (-33±10 vs -24±7 ms,
respectively, p<0.05). Aortic banding resulted in a homogeneous
LV shortening of repolarization (-14±0 ms, p<0.01) that persisted
after complete cardiac decentralization. RSGS resulted in
shortening of repolarization mainly in the anterior LV wall (RT
change, -13±2 ms, p<0.01), but the effects were smaller than
LSGS.
Conclusion: LSGS results in a biphasic response in
repolarization. The effects were dependent on region and on
transmural location and independent of pressure increase.
RSGS shows a shortening of repolarization mainly in the
anterior LV wall, but the effects are smaller than of LSGS. The
spatiotemporal differences in repolarization during sympathetic
stimulation may play a role in arrhythmogenesis.

S-PO04-062
ADIPONECTIN PRETREATMENT PROTECTS AGAINST
ISCHEMIA-INDUCED VENTRICULAR ARRHYTHMIAS
THROUGH SUPPRESSION OF CARDIAC SYMPATHETIC
HYPERACTIVATION

S-PO04-061
STELLATE GANGLION STIMULATION RESULTS IN
SPATIOTEMPORAL CHANGES OF VENTRICULAR
REPOLARIZATION IN PIG

Veronique M.F. Meijborg, PhD, Bas J. Boukens, PhD, Michiel
J. Janse, MD, PhD, Siamak Salavatian, PhD, Koji Yoshie,
MD, Tobias Opthof, PhD, Mohammed A. Swid, Jonathan D.
Hoang, BS, Janki Mistry, Peter Hanna, MD, Marmar Vaseghi,
MD, FHRS, Olujimi A. Ajijola, MD, PhD, Jeffrey L. Ardell, PhD,
Kalyanam Shivkumar, MD, PhD, FHRS and Ruben Coronel,
MD, PhD. Amsterdam University Medical Centers, Location
AMC, Amsterdam, Netherlands, University of California, Los
Angeles, Los Angeles, CA, Univ of Calif, Los Angeles (UCLA),
Culver City, CA, University of California, Los Angeles (UCLA),
Amsterdam, Netherlands, University of California, Los Angeles
(UCLA), Los Angeles, CA, UCLA Cardiac Arrhythmia Center,
Los Angeles, CA, CA, University of California, Los Angeles,
Cardiac Arrhythmia Center, Sherman Oaks, CA, UCLA, Los
Angeles, CA, UCLA Cardiac Arrhythmia Center, Los Angeles,
CA

Lilei Yu, MD, PhD, Xiaomeng Yang and Hong Jiang. Renmin
Hospital of Wuhan University, Wuhan, China
Background: Adipocytes derived hormone, adiponectin,
contacts closely with autonomic nervous system.
Objective: This study aimed to investigate whether adiponectin
microinjection into the left stellate ganglion (LSG) could suppress
ischemia-induced cardiac sympathetic hyperactivation and
ventricular arrhythmias (VAs).
Methods: Twenty beagles were randomized into the control
group (n=10, saline microinjected into LSG) and the adiponectin
group (n=10, 20μg/0.25ml adiponectin microinjected into LSG).
LSG function and neural activity, ventricular effective refractory
period and action potential duration was measured before and
30min after adiponectin microinjection. Myocardial ischemia was
induced and ECG was recorded for VAs analysis. LSG tissues
were excised for biological detection.
Results: Compared with the control group, adiponectin
microinjected into LSG significantly inhibited the LSG function
and neural activity, stabilized ventricular electrophysiological
properties, and suppressed the ischemia-induced VAs.
Mechanistically, adiponectin binding to both AdipoR1 and
AdipoR2 expressed on LSG neurons activates downstream
signaling pathway AMPK, PPARα and PPARγ, thereby
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suppressing oxidative stress and reducing the proinflammatory
cytokines induced by acute ischemia.
Conclusion: Activating adiponectin signaling with exogenous
adiponectin significantly suppressed the LSG hyperactivation
and protected against ischemia-induced VAs.

S-PO04-063
QT INTERVAL PROLONGATION AND TORSADE DE
POINTED INDUCED BY LEFT VENTRICULAR PACING
RESCUED BY HIS BUNDLE PACING
Adi Lador, MD and Miguel Valderrabano, MD. Houston
Methodist Hospital, Houston, TX

Background: Cardiac resynchronization therapy (CRT) with LV
pacing is of proven benefit in select patients with heart failure.
LV-pacing-induced proarrhythmia, including R-on-T extrasystoles, prolongation of QT and Torsades de Pointes (TdP)
has been reported. HIS bundle pacing can mimic CRT with
improvement in echocardiographic and functional status.
Objective: We report a patient with non-ischemic
cardiomyopathy (NICMP) that developed prolonged QT and TdP
episodes after CRT implantation, which resolved with HIS bundle
pacing.
Methods: N/A
Results: A 77-year-old female with NICMP, severe LV
dysfunction and complete left bundle branch block (LBBB) had a
prior CRT defibrillator implant but the LV lead had dislodged and
was never turned on.
She was referred for LV lead revision due to declining LV
function. The patient had a successful removal of the old LV
lead then had a new LV lead was inserted in a lateral LV vein.
The morning after the procedure a pronounced QT prolongation
(682ms) and short runs of polymorphic VT were recorded (Figure
1). Baseline QT was normal (479ms), and the RV pacing only
had less pronounced QTc prolongation (579ms). The system
was revised to add a HIS lead. Satisfactory QRS narrowing and
QT prolongation reduction was achieved, with freedom from
arrhythmias on follow-up.
Conclusion: HIS bundle pacing can be used as a rescue in
cases with prolonged QT after CRT implantation.

S-PO04-064
IS 3-SECONDS A SIGNIFICANT PAUSE? A NEED FOR A
NEW DEFINITION

Ricardo Sadashi Mishima, MD, Varun Malik, MBBS, Kadhim
Kadhim, MBChB, Melissa E. Middeldorp, Mehrdad Emami,
MD, Dian A. Munawar, MD, Kashif B. Khokhar, MBBS, Anand
Thiyagarajah, MBBS, CCDS, Catherine O’Shea, MBBS,
Rajiv Mahajan, MD, PhD, FHRS, Dennis H. Lau, MBBS, PhD,
FHRS, Dominik K. Linz, MD and Prashanthan Sanders, MBBS,
PhD, FHRS. Centre for Heart Rhythm Disorders - University
of Adelaide, Adelaide, Australia, Centre for Heart Rhythm
Disorders, The University of Adelaide, Adelaide, Australia,
Centre for Heart Rhythm Disorders, University of Adelaide,
Adelaide, Australia, Centre for Heart Rhythm Disorders,
Norwood, Australia, University of Adelaide, Unley, Australia,
Royal Adelaide Hospital, Centre of Rhythm Disorders,
Adelaide, Australia, University of Adelaide, Adelaide, Australia,
Cardiology, Beaumont, Australia, Royal Adelaide Hospital,
Norwood, Australia, University of Adelaide, Royal Adelaide
Hospital and Sahmri, Adelaide, SA, Australia
Background: Current guidelines recommend cardiac pacing in
patients with symptomatic pauses. However, the incidence and
extent of asymptomatic pauses is not known.
Objective: The aim of this study is to describe the incidence
and extent of asymptomatic pauses and to determine the
incidence of syncope without concurrent pauses in patients with
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continuous heart rate monitoring over a prolonged follow-up
period.
Methods: 98 consecutive patients with an implantable loop
recorder (ILR) device for conventional indications (pre-syncope,
palpitations or AF monitoring) formed the study group. Detailed
symptom and syncope log-books were maintained. Each pause
was adjudicated and false readings excluded. In addition, to
evaluate symptoms due to these pauses, those occurring during
night (between 10pm and 6am) were also excluded.
Results: Mean age was 60 ± 17 years and 61% were men. The
mean follow-up was 611 ± 377 days. There were 87 daytime
pauses ≥ 3 seconds experienced by 21 patients but only
one pause resulted in syncope. Further, 6 patients reported
syncope and 12 reported presyncope but there were no pauses
correlating to the reported symptoms. The distribution of pauses
of 3-4 seconds, 4-5 seconds, 5-6 seconds and >6 seconds was
77%, 14%, 6% and 3% respectively (figure 1).
Conclusion: These data demonstrate that most pauses under 6
seconds are not associated with symptoms. Our study highlights
the need for redefining a significant pause that warrants pacing
given the rapidly growing population with implantable loop
recorders. Additionally, detailed history taking in symptomatic
patients may help to identify potentially modifiable conditions
other than sinus pauses to prevent syncope.

right ventricular (RV) pacing and procedure time of pacemaker
implantation were compared between the 2 groups.
Results: At baseline, the spontaneous PR intervals were
significantly longer in RAS-group than those in RAA-group
(204±48ms vs. 179±27ms; P=0.04), although the SQRS intervals
by atrial pacing tend to be shorter than those in RAA-group
(188+-59ms vs. 204+-32ms; P=0.31). In addition, the PR-SQRS
intervals were significantly shortened by atrial pacing in RASgroup compared with RAA-group (14+-32ms vs. -24+-34ms;
P=0.0007). The incidence of RV pacing tend to be reduced in
RAS-group. (1.2+-1.9% vs 4.1+-7.2%; P=0.14). The procedure
time of pacemaker implantation was similar in both 2 groups.
(102+-31min vs 94+-19min; P=0.39)
Conclusion: This study demonstrated RAS pacing significantly
shortened the S-QRS interval, leading to the less RV pacing.
RAS pacing should be considered especially in patients with
longer spontaneous RP interval, mildly impaired left ventricular
dysfunction and CRT candidates with possible synchronized left
ventricular pacing.

S-PO04-066
DETERMINANTS OF LEADLESS PACEMAKER IMPLANT
PROCEDURE TIME

Christophe Garweg, MD, Bert Vandenberk, MD,PhD, Patrick
Hermans, Haemers Peter, MD, PhD, Stefaan Foulon, PhD, Joris
Ector, MD,PhD and Rik Willems, MD, PhD. University Hospitals
of Leuven, Leuven, Belgium, University of Leuven, Leuven,
Belgium, University Hospital of Leuven, Leuven, Belgium

S-PO04-065
UTILITY OF NEWLY AVAILABLE IMPLANTING SYSTEM
FOR RIGHT ATRIAL SEPTAL PACING

Kento Yabe, Masahito Suzuki, Shu Yamashita, MD, Chisashi
Toya, Takeshi Sasaki, MD, Ko Akimoto and Kenzo Hirao, MD.
Tokyo Disaster Medical Center, Tachikawa, Japan, National
Disaster Medical Center, Tokyo, Japan, National Hospital
Organization Disaster, Tachikawa, Japan, Tokyo Disaster
Medical Center, Tokyo, Japan, Johns Hopkins University,
Cardiology, Baltimore, MD, National Disaster Medical Center,
Tachikawa, Tokyo, Japan, Tokyo Medical & Dental Univ, Dept of
Cardiovascular Medicine, Tokyo, Japan
Background: Right atrial (RA) septal pacing has been shown
to be a preferred methodology to avoid unnecessary right
ventricular (RV) pacing due to shortening atrioventricular
conduction delay by RA pacing.
Objective: This study aims to assess the utility of newly
available implanting system for RA septal pacing.
Methods: We studied 40 patients who received a dual chamber
pacemaker implantation for sick sinus syndrome. Atrial lead was
implanted in RA septum with newly available implanting system
(Medtronic select secure) in 20 patients (50%, RAS-group) and
in right atrial appendage with conventional system in 20 patients
(50%, RAA-group). An interval from atrial pacing stimulation to
QRS onset (S-QRS), a difference between spontaneous PR
interval and S-QRS interval (PR-SQRS interval), incidence of

Background: The leadless pacemaker Micra represents a major
innovation in pacing technologies for the last decades. The
device is implanted directly in the right ventricle (RV) through the
femoral vein using a steerable transcatheter delivery system.
Objective: The aim of this study was to identify the determinants
of implant procedure time.
Methods: All patients who underwent a Micra implant attempt
at our center were prospectively enrolled, excluding the 10 first
patients implanted during the operator’s learning curve (CG).
Procedure duration, site of implantation (apex, mid septum, RV
outflow) and clinical characteristics of all patients were collected.
Using RV angiogram, RV systolic and diastolic volumes, RV
ejection fraction, distance between the tricuspid valve and the
RV apex, length of RV basis, length of RV anterior wall, and
angle between those two anatomical landmarks were measured.
The presence of a prominent septomarginal trabeculations was
also assessed.
Results: One hundred sixteen patients (mean age : 79±11
year old, mostly male :77%) were enrolled. Mean procedure
time was 24±23 min, with 1.7±1.3 deployments of device. The
device was launched in the apex, the mid septum and the RV
outflow in 30, 54 and 42 patients, respectively. Ten patients
had a prominent septomarginal trabeculation identified on RV
angiogram. Univariate analysis showed correlation between the
procedure time and an apical position of the device (p=0.04),
the presence of a prominent septomarginal trabeculation
(p<0.001), the CHADSVASC score (p=0.004), an history of heart
failure (p=0.02) and the number of procedures performed by
the operator (p<0.001). However after multivariable analysis,
only the presence of a prominent septomarginal trabecutation
(p<0.001) and the number of procedures performed by the
operator were associated with the implant procedure duration.
Conclusion: Except for the presence of a RV prominent
septomarginal trabeculation, the implant procedure time
of a leadless pacemaker Micra depends on the operator’s
experience.
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S-PO04-067
FIRST-IN-MAN FASTR-AF STUDY: NOVEL TEMPERATURECONTROLLED FAST ABLATION SYSTEM TO RAPIDLY
CREATE LESIONS FOR THE TREATMENT OF PERSISTENT
AND PAROXYSMAL ATRIAL FIBRILLATION
Petr Neuzil, MD, Jan Petru, MD, Moritoshi Funasako, MD,
Marek Janotka, MD, Jan Skoda, Lucie Sediva, MD, JeanPaul Albenque, Herve Poty, MD, Stephane Combes, Alexis
Durand-Dubief, MD and Vivek Y. Reddy, MD. Na Homolce
Hospital, Prague, Czech Republic, Nemocnice Na Homolce
Praha, Praha, Czech Republic, Kitano Hospital, Osaka, Japan,
Homolka Hospital Prague, Praha, Czech Republic, Pasteur
Clinic Toulouse, Toulouse, France, Cabinet de Cardiologie,
Villeurbanne, France, Clinique Pasteur, Toulouse, France,
Clinique Du Tonkin Villeurbanne, Chassieu, France, Icahn
School of Medicine at Mount Sinai, New York, NY

Background: A novel temperature- controlled radiofrequency
(RF) ablation systen that reaches set temperature within one
second with an irrigated high resolution electrogram (EGM) sixtermocouple composite tip electrode was investigated in a firstin-man study FASTR-AF
Objective: FASTR-AF assessed the safety profile and
procedural effectiveness of a novel ablation system in patients
with paroxysmal and persistent atrial fibrillation (AF).
Methods: Sixty patients with paroxysmal (n=33, age 63±10.8
years) or persistent (n=27, age 65±9.7 years) AF were enrolled
in three centers. Temperature control (60°C/50W) discrete/
drag ablations were created until EGM attenuation and
impedance drop (>10%) was observed. All patients received
PVI. If necessary, additional linear or substrate ablations were
performed. PVI was confirmed via entrance block after a 20 min
wait.
Results: PVI was successful in all patients (100%). Mean RF
Time for the paroxysmal and persistent patients were 9.4 ± 3.0
and 19.1 ± 9.2 minutes, respectively. There were no occurrences
of steam pop, char or embolic events. Non-adjudicated major
adverse events through 30 days post-ablation included extended
hospitalization (n=4) and pulmonary edema (n=1). All patients
recovered and were subsequently discharged. The 6 month
follow up adjudicated data will be provided at the time of the
presentation.
Conclusion: The first-in-man series demonstrates the safety
profile and procedural effectiveness of a novel temperaturecontrolled FAST Ablation System for the treatment of paroxysmal
and persistent AF.
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ventricular septum using pace- and activation mapping.
Methods: EAM was performed with the NavX system using
a quadripolar catheter and pacing lead in 27 pts undergoing
HBP (age: 77±11, 16 male, RBBB - 5 pts, LBBB - 7 pts). His
electrograms, S-HB, NS-HB and right bundle (RB) capture areas
were mapped and ECG characteristics were analyzed.
Results: Permanent HBP was achieved in 25/27 pts. S-HBP
areas were identified in 12, NS in 27, and RB capture - in 10 pts.
A S-HBP area between two NS clouds was identified in 9 pts
(Fig. 1A) or in the middle of a single NS area in 3 pts. Separate
NS-HBP areas could be identified even in the absence of a
S-HBP capture in 6 pts. The RB capture area was continuous
with S/NS areas and more distal. Similar EAM characteristics
were present in pts with and without BBB. ECG pace-maps were
different between the two NS-HBP areas in 17 pts (Fig. 1B).
ECG differences between NS clouds were present in leads II, III,
and aVF in 12 pts (R or Rs in upper NS and rS in lower NS) and
in precordial leads in 5 pts.
Conclusion: 1) Pace-mapping identifies distinct regions within
the HB cloud which appear to correspond to the true HB and RB.
2) A linear S-HBP area is typically surrounded by NS areas. 3)
Pace-map ECGs from separate NS-HBP areas have different
vectors. 4) These EAM features and meticulous pace-mapping
may facilitate success with HBP.

S-PO04-068
HIS CLOUD TOPOGRAPHY AND NONSELECTIVE HIS
BUNDLE PACING ECG PATTERNS: INSIGHTS FROM
ELECTRO-ANATOMICAL MAPPING

Mikhail Y. Maslov, MD, PhD, Andrew J. Monin, BSBME, Daniel
A. McKelvey, BSBME, Yannnis Koulouridis, MD, Ahad Jahangir,
MS, David A. Casavant, MS, Mark A. Lovich, MD, PhD, John
V. Wylie, MD and Michael V. Orlov, MD, PhD. Steward St.
Elizabeth’s Medical Center, Boston, MA, Abbott Laboratories,
Abbott Park, IL, Abbott Laboratories, Boston, MA, Boston
Scientific, Marlborough, MA, St. Elizabeth’s Medical Center/
Steward Healthcare, Boston, MA, Steward St Elizabeth Med Ctr
of Boston, Boston, MA
Background: Visualization of selective (S) and non-selective
(NS) His bundle (HB) capture areas by 3D electro-anatomical
mapping (EAM) has not been described and may help to guide
HB pacing (HBP).
Objective: To conduct EAM of the HB region of the atrial and

S-PO04-069
LEADLESS PACEMAKER IMPLANT WITH CONCOMITANT
ATRIOVENTRICULAR NODE ABLATION: EXPERIENCE
WITH THE MICRA TRANSCATHETER PACEMAKER

Mikhael F. El-Chami, MD, FHRS, Timothy S. Shinn, MD,
Sandeep Bansal, MD, José Luis Martínez Sande, MD,
Nicolas Clementy, MD, Ralph Sayre. Augostini, MD, FHRS,
Bipin Ravindran, MD, Venkata S. Sagi, MD, FHRS, Hemanth
Remanna, MD, PhD, Paul R. Roberts, MD, Kyoko Soejima, MD,
Kurt Stromberg, MS, Nicky Zuniga and Jonathan P. Piccini, MD,
MHS, FHRS. Emory University, School of Medicine, Atlanta,
GA, Michigan Heart, Ypsilanti, MI, Lancaster General Health,
Lancaster, PA, University Clinical Hospital of Santiago de
Compostela, Santiago de Compostela, Spain, CHU de Tours,
Chambray-Les-Tours, France, OSU Div of Cardiovascular
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Medicine, Columbus, OH, Baptist Heart Specialists,
Jacksonville, FL, Haga Teaching Hospital, The Hague,
Netherlands, University Hospital Southampton, NHS Foundation
Trust, Southampton, United Kingdom, Kyorin University School
of Medicine, Tokyo, Japan, Medtronic, Mounds View, MN,
Medtronic, plc, Fridley, MN, Duke University Medical Center, EP,
Durham, NC
Background: The feasibility and acute outcomes of concomitant
AV node ablation (AVNA) and leadless pacemaker implant are
not well studied.
Objective: To report procedural outcomes in patients
undergoing Micra implant with concomitant AVNA.
Methods: Patients undergoing AVNA at the time of Micra implant
from the Micra Transcatheter Pacing (IDE) Study, Continued
Access study, and Post-Approval Registry were included in the
analysis. Baseline characteristics, procedural outcomes, and
electrical performance through 12-weeks post-implant were
summarized.
Results: A total of 191 patients underwent AVNA at the time
of Micra implant and were followed for 11.5 ± 10.5 months.
The mean age was 77± 9 years, 72% were female, 30% had
heart failure, 28% had COPD and 27% had coronary artery
disease. AVNA patients were older, more frequently female, and
tended to have more co-morbid conditions compared with nonAVNA patients. Implant was successful in 190 of 191 patients
(99.5%). Mean pacing capture thresholds (PCTs) at implant
were 0.59±0.36V and remained stable during follow-up, with
90% of patients having a maximum weekly PCT ≤2.0V (Figure).
Major complications within 30 days occurred more frequently
in AVNA patients than non-AVNA (N=2622) patients (7.3% vs
1.95%, P<0.001). Five AVNA patients (2.6%) had elevated PCT
within 30 days post-implant with system modification required
in 4 patients. There were no device macrodislodgements or
unexpected device malfunctions reported.
Conclusion: Concomitant AVN ablation and leadless pacemaker
implant is feasible. Notably, pacing thresholds are stable over
time while the risk of major complications is higher than patients
not undergoing AVNA.

Oklahoma City, OK, University Hopital of Bordeau, Hopital
Du Haut Leveque, Pessac 33600, France, The Ohio State
University Wexner Medical Center, Columbus, OH, Mayo Clinic,
Rochester, MN, Medtronic, Mounds View, MN, Medtronic, plc,
Mounds View, MN, University Hospital Southampton, NHS
Foundation Trust, Southampton, United Kingdom
Background: Micra pacemakers might be more resistant to
bacterial seeding due to small surface area and tendency for
encapsulation.
Objective: We sought to investigate the outcomes of patients
implanted with Micra who developed a serious infectious event
(SIE) defined as bacteremia or endocarditis during follow-up.
Methods: Among 720 patients implanted with a Micra in
the investigational device exemption trial, we identified 17
patients who had documented 22 SIE during follow-up. SIE
and outcomes were characterized based upon adverse event
reports.
Results: Mean age of this group was 73.1 ± 12.4 years; atrial
fibrillation with bradyarrhythmia was the most common pacing
indication (59%). SIE occurred at a mean 4.6±4.5 months after
implant and patients were followed for 14.6 ± 10.9 months after
documentation of SIE. All events were adjudicated as unrelated
to the Micra device or procedure. Bacteremia was documented
to be related to a Gram-positive organism in 12 events (7
Staphylococcus aureus, 2 Streptococcus, 2 Enterococcus and
1 uncharacterized Gram-positive bacteria), and Gram-negative
organisms in 4 events. In 6 events the type of organism was not
characterized (2 patients with endocarditis). None of the events
reported device seeding. One patient had documented aortic
valve endocarditis and had the Micra device removed during
AV replacement (AVR) 430 days after Micra implant. None of
the remaining patients required Micra removal. Four patients
had 5 recurrent bacteremia episodes occurring on average 248
days after the initial event. All of these patients had different
organisms cultured during subsequent events. There were
two deaths related to these events: one patient (mentioned
above) died on the day of his AVR. The second patient declined
surgery for aortic valve endocarditis and died subsequently from
endocarditis complications. His endocarditis occurred 108 days
after Micra implant. Of the remaining events, 18 were resolved at
the time of study closure.
Conclusion: In this small series of Micra patients that developed
SIEs, the occurrence of bacteremia and/or endocarditis did not
appear to lead to device seeding; most events resolved with
antibiotic treatment and none necessitated Micra removal.

S-PO04-071
ASYMPTOMATIC HEART FAILURE PATIENTS WITH
A REDUCED EJECTION FRACTION BENEFIT FROM
PRIMARY PREVENTION IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR THERAPY

S-PO04-070
OUTCOMES OF MICRA PACEMAKERS IN PATIENTS WITH
DOCUMENTED BACTEREMIA OR ENDOCARDITIS: DATA
FROM THE MICRA IDE STUDY

Mikhael F. El-Chami, MD, FHRS, Kyoko Soejima, MD, Jonathan
P. Piccini, MD, MHS, FHRS, Dwight W. Reynolds, MD, FHRS,
Philippe Ritter, MD, Toshimasa Okabe, MD, Paul A. Friedman,
FHRS, Yong-Mei Cha, MD, FHRS, Kurt Stromberg, MS, Reece
Holbrook, BSEE, Dedra H. Fagan and Paul R. Roberts, MD.
Emory University, School of Medicine, Atlanta, GA, Kyorin
University School of Medicine, Tokyo, Japan, Duke University
Medical Center, EP, Durham, NC, The Univ of Oklahoma
College of Medicine, Univ of Oklahoma Sciences Center,

Anne-Lotte van der Lingen, MD, Stefan A.J. Timmer, MD, PhD,
Laurens J.H. Allaart, BSc, Mischa T. Rijnierse, Peter M. van
de Ven, PhD, Albert C. van Rossum, MD, PhD, Michiel J.B.
Kemme, MD, PhD, Vokko P. van Halm, MD, PhD and Cornelis
P. Allaart, MD, PhD. VU university medical center, Amsterdam,
Netherlands, VU University Medical Center, Amsterdam,
Netherlands, VU Medisch Centrum, Zaandam, Netherlands
Background: According to the current European Guidelines for
Ventricular Arrhythmias, prophylactic implantable cardioverter
defibrillator (ICD) implantation is no longer recommended for
New York Heart Association (NYHA) class I patients with left
ventricular ejection fraction (LVEF) ≤35%.
Objective: Aim of this study is to assess occurrence of
appropriate device therapy (ADT) and death in primary
prevention NYHA class I patients with a LVEF ≤35%.
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Methods: A retrospective cohort including 572 patients with
LVEF ≤35% who received a prophylactic ICD with or without
resynchronization therapy (CRT) was studied (73% men, age
67±9 years, LVEF 26±7%, 57% ischemic cardiomyopathy
[CMP], 57% ICD). Exclusion criteria were: (1) patients with
a hypertrophic CMP, arrhythmogenic right ventricular CMP,
systemic infiltrative cardiac disease or channelopathy; (2)
unknown NYHA class or NYHA IV at time of implantation; (3)
loss to follow-up immediately after ICD implantation. Primary
endpoint was time-to-first ADT, defined as anti-tachycardia
pacing or shock for ventricular tachyarrhythmia.
Results: At baseline, 106 (19%) patients were in NYHA I, 277
(48%) in NYHA II and 189 (33%) in NYHA III. During a followup of 4.1±2.4 years, 127 patients (22%) received ADT and 175
patients (31%) died. NYHA I patients received significantly more
ADT compared to NYHA II-III patients, 33% vs 20% (HR 1.6,
95% CI 1.14-2.49, p=0.009). No difference in mortality between
NYHA I and NYHA II-III patients was observed (HR 0.72, 95% CI
0.4-1.10, p=0.12). NYHA I patients receive more ADT compared
to NYHA II-III patients, regardless of CMP aetiology (p=0.014).
No difference in ADT between ischemic CMP NYHA I (n=66)
and non-ischemic CMP NYHA I patients (n=40) was observed
(p=0.23). A sub-analysis in patients without CRT (n=325) showed
no difference in ADT in NYHA I ICD patients compared to NYHA
II-III ICD patients (95% CI 0.45-1.09; p=0.11). Multivariable cox
regression analyses showed NYHA class to be the strongest
independent predictor of ADT.
Conclusion: NYHA I primary prevention ICD patients frequently
received ADT, and more often compared to primary prevention
NYHA II-III patients. These results suggest that primary
prevention NYHA I patients with a reduced LVEF are likely to
benefit from ICD therapy.

S-PO04-072
DUTCH OUTCOME IN ICD THERAPY (DO-IT): ICD RELATED
COMPLICATIONS IN A LARGE CONTEMPORARY PRIMARY
PREVENTION COHORT
Marit van Barreveld, Tom E. Verstraelen, MD, MS, Pascal F.
Van Dessel, Michiel Hulleman, Lucas V. Boersma, MD, PhD,
Peter P. Delnoy, Mathias Meine, Anton E. Tuinenburg, Dominic
A. Theuns, Pepijn H. Van Der Voort, Geert-Jan P. Kimman,
Erik Buskens, Aeilko H. Zwinderman, Arthur A. Wilde and
Marcel G. Dijkgraaf. Amsterdam University Medical Center,
University of Amsterdam, Amsterdam, Netherlands, Medisch
Spectrum Twente, Enschede, Netherlands, St Antonius
Hospital, Cardiology, Nieuwegein, Utrecht, Netherlands, Isala
Klinieken, Zwolle, Netherlands, University Medical Center,
Cardiologie, Utrecht, Netherlands, Erasmus MC, Rotterdam,
Netherlands, Catharina Hospital, Eindhoven, Netherlands,
Noordwest Ziekenhuisgroep, Alkmaar, Netherlands, University
of Groningen, Groningen, Netherlands

Background: Implantable cardioverter defibrillators (ICD) are
the standard of care for patients with an increased risk of sudden
cardiac death. Only one-third of primary prevention ICD patients
may eventually receives appropriate therapy, but all remain at
risk of ICD-related complications. Limited information is available
concerning ICD-related complications in prophylactic patients in
current practice.
Objective: We prospectively assessed ICD-related
complications in primary prevention ICD recipients and
forecasted the potential reduction in major complications under
distinct scenarios of updated implant indication criteria.
Methods: Complications in a Dutch registry cohort of 1439
primary ICD-implant patients were classified as major or minor.
The potential for reducing major complications was derived from
a provisional prediction model of appropriate shock to identify
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patients with a low probability of benefitting from the ICD.
Results: During a follow up of 2.2 years (IQR 2.0 - 2.6)
228 complications occurred in 195 patients (13.6%), with
109 patients (7.6%) experiencing 123 major complications.
Almost 50% of major complications were observed within
30 days after implantation. Most common ones were lead
related (n=63), systemic infection (n=11) and perforation
(n=9). Minor complications occurred in 7.0% of patients with
pocket hematoma (n=22), other pocket problems (n=18) and
diaphragmatic stimulation (n=12) as the most prevailing ones.
In 61% of complications a new or extended hospitalization
was required with an average of 3.8 days (IQR 0 - 4) and in
3 patients the complication resulted in death due to systemic
infection. Stricter implant indication criteria while controlling for
the false-negative rate may reduce ICD-implantations by 3.7% 14.9%. The associated reduction in major complications ranges
between 0.8% and 17.9%.
Conclusion: One in thirteen patients experiences at least
one major ICD-related complication. The risk of complications
following implant should be discussed with the patient. Stricter
implant indication criteria may have significant clinical and
financial benefits.

S-PO04-073
CARDIAC RESYNCHRONIZATION THERAPY WITH OR
WITHOUT DEFIBRILLATOR: CASE MATCHED ANALYSIS
OF LONG-TERM SURVIVAL IN ELDERLY PATIENTS

Takatsugu Kajiyama, MD, PhD, Yusuke Kondo, MD, PhD,
Masahiro Nakano, Miyo Nakano, MD, Tomohiko Hayashi, Ryo
Ito, Haruhiro Takahira and Yoshio Kobayashi. Department of
Cardiovascular Medicine, Chiba University Graduate School of
Medicine, Chiba, Japan, Department of Advanced Cardiorhythm
Therapeutics, Chiba University Graduate School of Medicine,
Chiba, Japan
Background: Cardiac resynchronization therapy(CRT)
is effective for significant patients with heart failure, while
inplantable defibrillator also has a positive effect for long-term
survival. However, supeiority of CRT-D over CRT-P for elderly
patients in the clinical setting is not enough elucidated.
Objective: This study sought to investigate prognosis after
CRT-P implantation compared to that of CRT-Din a real world.
Methods: Among consecutive 180 patients received CRT,
survival rate of CRT-P cases was compared to CRT-D cases,
which was matched for age and sex. As for CRT-Ds, secondary
prevention was excluded.
Results: A total of 50 patients, 25 each in CRT-P and CRT-D
group, were enrolled in the further analysis. Patients age was
not different between CRT-P and CRT-D group (76.2±6.4 vs.
73.6±4.3years, P=0.108). The proportion of ischemic heart
disease (8% vs. 16%, P=0.667), advanced atrioventricular block
(36% vs. 40%, P=1.000), and left ventricular ejection fraction
(31±10 vs. 32.7±12.2%, P=0.595) was also similar. The followup period was 1444±1153days and slightly longer in CRT-P
group but did not reach statistical significance. As for all-cause
mortality, there was no difference between the 2 groups (Figure).
Age of event was significantly higher in CRT-P patients than
CRT-D patients (80.9±5.9 vs. 76.8±3.9, P=0.006).
Conclusion: Regarding the result of this study, use of CRT-P in
patients of relatively high age might be justified.
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Conclusion: ICD programming can be improved through
technician training and evidence-driven selection of nominal
“factory” settings. Real-world adoption of an ADVANCE III
programming strategy is associated with reduced therapy rates.

S-PO04-075
S-PO04-074
CLINICAL IMPACT AND PREDICTORS OF ADHERENCE TO
AN ADVANCE III PROGRAMMING STRATEGY IN A REALWORLD POPULATION OF IMPLANTABLE CARDIOVERTER
DEFIBRILLATOR RECIPIENTS
Gerard Loughlin, MD, Tomas Datino, Angel Arenal, Ricardo
Ruiz-Granell, Sanchez-Gomez Juan Miguel, Luisa Perez,
Martinez-Ferrer Jose, Javier Alzueta, MD, Fernando PerezLorente, Xavier Viñolas, Marisa Fidalgo and Joaquin Fernandez
de la Concha. Servicio de Cardiologia Hospital General
Universitario Gregorio Marañon Instituto de Investigación
Sanitaria Gregorio Marañon, Madrid, Spain, Hospital Clínico
Universitario de Valencia, Valencia, Spain, Complexo
Hospitalario Universitario de A Coruña, A Coruña, Spain,
Hospital Universitario de Araba, Vitoria, Spain, Hospital Virgen
de La Victoria, Malaga, Spain, Hospital Reina Sofia, Murcia,
Spain, Hospital Santa Creu i Sant Pau, Barcelona, Spain,
Hospital Universitario de León, Leon, Spain, Hospital Infanta
Cristina, Badajoz, Spain

Background: The ADVANCE III trial showed that a delayed
detection strategy reduces ICD therapies.
Objective: To describe real-world adherence and predictors of
adoption of an ADVANCE III strategy, comparing ICD therapy
rates in patients with ADVANCE vs. standard programming.
Methods: Observational prospective study, analyzing data
from a multicenter registry of all patients implanted with a
Medtronic ICD in Spain (2005-16). ADVANCE programming was
defined as number of intervals to detect (NID) 30/40. Adoption
of an ADVANCE strategy at the time of implant was plotted in
relation to 3 highlights: trial publication, “ADVANCE-awareness”
campaign for Medtronic technicians and publication of HRS
guidelines. Multivariate logistic regression identified predictors of
ADVANCE adoption. Freedom from ICD therapy was compared
with the Kaplan-Meier method and Cox regression.
Results: Patients included: 3871. ADVANCE adherence was 16
% at baseline, 85 % at the end of the study (Figure). Predictors
of ADVANCE adoption: technician exposure to campaign (ORa
7,1; IC 95 % 5,1 - 9,9), device with “out-of-the-box” NID 30/40
(ORa 4,2; IC 95 % 3,5 - 5,1), generator replacement (ORa 1,9;
IC 95 % 1,4 - 2,6), primary prevention (ORa 1,4; IC 95 % 1,2 1,6). Cumulative 1-year survival from ICD therapy: 97.7 % for
ADVANCE, 90.1 % for standard programming (Figure, p 0,001. ).
After adjustment ADVANCE was independently associated with
lower risk of ICD therapy (ORa 0,26; IC 95 % 0,18 - 0,38)

FULLY IMPLANTABLE BATTERY-FREE PACEMAKERS FOR
OPTOELECTRIC STIMULATION OF THE RODENT HEART

Rose T. Yin, BS, Philipp Gutruf, PhD, K. Benjamin Lee, MD,
Jaclyn Brennan, BS, MS, Yun Qiao, PhD, John Rogers and Igor
R. Efimov, PhD, FHRS. The George Washington University,
Washington DC, DC, The University of Arizona, Tucson, AZ, The
George Washington University, Washington, DC, Northwestern
University, Chicago, IL
Background: Rapid pacing has induced heart failure in large
mammals. Rodents are a more versatile, affordable model
to investigate heart failure across a range of genotypes
and phenotypes and as a platform for exploration of new
electrotherapy strategies. There is a need for miniaturized tools
for chronic pacing in small animals.
Objective: To demonstrate the feasibility of a fully implantable,
battery-free optoelectric pacemaker in rats and mice (Fig. A).
Methods: Electrical pacing abilities of the device were confirmed
with ex vivo optical mapping of mouse hearts (N=2). Optical
pacing abilities were verified by the ECG of ex vivo ChR2
mouse hearts (N=2). For chronic in vivo pacing, the pacemaker
electrode was sutured onto the anterior epicardial surface of the
left ventricle in rats, and the device receiver was placed into the
subcutaneous space (Fig. B, C). Successful pacing for capture
of the heart was verified by ECG before incisions were closed
and rats were allowed to recover (N=22). Pacing and capture of
the heart was monitored daily by ECG.
Results: ChR2-expressing mouse hearts were paced optically,
and the heart rate was captured at a range of frequencies (Fig.
D). Electrically, the heart was captured, and the time course of
pacing activation during electrical stimulation was tracked using
the membrane potential to show anisotropic conduction (Fig. E).
Chronic in vivo electrical pacing of the rat heart showed capture
of the heart rate up to 6 days (Fig. F).
Conclusion: Fully implantable battery-free optoelectronic
pacemakers can acutely and chronically capture the heart.
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5.64, p=0.004), chronic kidney disease (HR=6.15, CI 2.8213.53,p<0.001), and non-ischemic cardiomyopathy (HR=2.84,
CI 1.54-5.23, p=0.001). Among ICD settings, PR logic was the
only discriminator independently related to a reduced risk of
IS (HR=0.18, CI 0.06-0.48, p=0.001), along with an SVT limit
enabled over 200 beats per minute (HR=0.24, CI 0.11-0.51,
p<0.001).
Conclusion: In our nationwide cohort of primary prevention
ICD-only patients,dual-chamber devices were associated with a
lower risk of inappropriate shocks compared to single-chamber
ICDs. Besides, PR logic and an SVT limit > 200 bpm emerged
as protective factors.

S-PO04-077
DEFIBRILLATION TESTING IN SICD PATIENTS WITH LEFT
VENTRICULAR DYSFUNCTION: RESULTS FROM THE
UNTOUCHED STUDY

S-PO04-076
SINGLE BRAND DUAL-CHAMBER ICDS ARE RELATED
TO LOWER RISK OF INAPPROPRIATE SHOCKS IN
HEART FAILURE PRIMARY PREVENTION PATIENTS: A
PROPENSITY MATCHED COMPARISON OF SINGLE- AND
DUAL-CHAMBER DEVICES AND DISCRIMINATORS

Sem Briongos-Figuero, Alvaro Estevez, Javier Alzueta, MD,
Nuria Basterra, Xavier Vinolas, Ignacio Fernandez Lozano, MD,
Luisa Perez, Enrique Garcia, Anibal Rodriguez, MD and Roberto
Munoz. Hospital Infanta Leonor, Madrid, Spain, H. Infanta
Leonor, Madrid, Spain, Hospital Virgen de La Victoria, Malaga,
Spain, Complejo Hospitalario De Navarra, Pamplona, Spain,
Hospital Sant Pau, Barcelona, Spain, Hospital Puerta De Hierro,
Madrid, Spain, Hospital Juan Canaleso, La Coruna, Spain,
Hospital Xeral Cies, Vigo Pontevedra, Spain, Hspt Universitario
Canarias, Madrid, Spain, Infanta Leonor de Vallecas Hospital,
Madrid, Spain
Background: several studies have shown inconsistent results
regarding the efficacy of dual- vs. single-chamber ICDs in
preventing inappropriate shocks (IS)
Objective: to compare the risk of IS among single- and dualchamber devices in a sample of real-life heart failure (HF)
patients undergoing primary prevention ICD implant. We focused
on whether dual-chamber discriminators were associated with a
lower risk of IS
Methods: all HF patients (without indication for pacing) with
reduced left ventricle ejection fraction (<35%) undergoing their
first prophylactic ICD-only implant and enrolledin the nationwide
multicenter UMBRELLA registry were recruited. Arrhythmic
events were collected by remote monitoring and reviewed by a
committee of experts.
Results: study population was composed of782 patients:
single-chamber ICDs were implanted in 537 patients (68.7%)
and dual-chamber ICDs in 245 patients (31.3%). During a
mean follow-up of 4.35±2 years, 109 IS were delivered in 49
patientsand supraventricular tachyarrhythmia were the main
cause (74.3%). IS occurred in 7.8 % (n=42) of patients receiving
single-chamber ICDs and in 2.9% (n=7) of dual-chamber
ICD carriers (p=0.001). To avoid the bias generated by the
asymmetrical distribution of both baseline clinical characteristics
and ICD settings, a propensity score (PS) matched analysis
was performed and included 110 patients in each group. In the
weighted sample, dual-chamber ICDs were related to lower
rates of IS as compared to single-chamber devices (0.9% vs.
11.8%, p=<0.001, log-rank test). In multivariable Cox analysis,
independent predictors of IS were AF (HR=2.78, CI1.37-

Mikhael F. El-Chami, MD, FHRS, Lucas V. A. Boersma, MD,
PhD, Maria Grazia Bongiorni, MD, Pier D. Lambiase, MBChB,
PhD, FHRS, Reinoud Knops, MD, PhD, Martin C. Burke, DO,
Johan D. Aasbo, DO, FHRS, Andrea M. Russo, MD, FHRS,
Jean-Claude Deharo, MD, Nathan Carter and Michael R. Gold,
MD, PhD, FHRS. Emory University, School of Medicine, Atlanta,
GA, St Antonius Hospital, Cardiology, Nieuwegein, Utrecht,
Netherlands, University Hospital of Pisa, Pisa, Italy, Barts Heart
Centre, London, Edgware, United Kingdom, Academic Medical
Center, Amsterdam, Netherlands, CorVita Science Foundation,
Chicago, IL, ProMedica Physicians Cardiology, Toledo, OH,
Cooper University Hospital, Moorestown, NJ, Hopital La
Timone, Marseille, France, Boston Scientific, Saint Paul, MN,
Medical Univ of South Carolina, Charleston, SC
Background: Prior subcutaneous implantable cardioverter
defibrillator (S-ICD) studies include a significant proportion of
patients with left ventricular Ejection Fraction (LVEF) above
35%. Therefore, data on defibrillation testing (DT) from these
studies may not fully reflect the performance of the S-ICD among
patients with severe LV systolic dysfunction, the most common
cohort of ICD recipients.
Objective: To report the effectiveness of SICD in converting
inducible ventricular fibrillation (VF) in patients with LVEF ≤35%.
Methods: The UNTOUCHED study is a prospective multicenter
study that enrolled patients with LV dysfunction and primary
prevention indications for ICD. We identified patients enrolled
in the UNTOUCHED study who underwent DT. Multivariate
analysis of 16 clinical variables was performed to assess
predictors of a high (> 65 J) energy needed for defibrillation.
Results: 1112 enrolled patients were implanted with an SICD.
The mean age was 56 ± 12 years, 74% were men and 66% were
Caucasians. The mean EF was 26 ± 6 %, 53.4% had ischemic
cardiomyopathy and 15.7% had history of CABG. 919 patients
underwent DT. DT was successful in 912 (99.24%). Of the
patients with successful conversion testing, 860 (94.3%) patients
had a successful shock ≤ 65 J while the remaining 53 (5.8%)
failed testing at 65J but passed at 80 J. VF was not inducible in 4
patients while DT failed in the remaining 3. One of those patients
had his SICD explanted and TV-ICD implanted, the second had
the device turned off after improved LVEF and the third had
medication initiation without retesting. Patients requiring higher
shock for conversion (>65 J) were more likely to be Caucasians
(85.4% vs. 70.6%, p=0.03) and more likely to have higher body
mass index (BMI) (33 vs. 30 kg/m2, p=0.01) than patients who
passed at ≤ 65 J.
Conclusion: In this contemporary study of patients with LV
dysfunction the SICD appears to be effective in treating inducible
VF. Caucasian race and elevated BMI but not LVEF were
predictive of higher energy to defibrillate.
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S-PO04-078
GENDER DIFFERENCES IN VENTRICULAR
TACHYARRHYTHMIA EVENTS IN THE RAID TRIAL

Valentina Kutyifa, MD, PhD, FHRS, Margot E. Vloka, MD,
FHRS, David T. Huang, MD, FHRS, Sankar N. Varanasi, MD,
FHRS, CCDS, Timothy S. Shinn, MD, Mehran Attari, MD,
FHRS, Abrar H. Shah, MD, Timothy J. Lessmeier, MD, FHRS,
Dan L. Musat, MD, Lawrence S. Rosenthal, MD, PhD, FHRS,
Scott Sakaguchi, MD, FHRS, Albert Y. Sun, MD, Scott McNitt,
MS, Susan Schleede, MS, Claudio D. Schuger, MD, FHRS,
Andrea Natale, MD, FHRS, Craig A. McPherson, MD, Ohad
Ziv, MD, James P. Daubert, MD, FHRS and Wojciech Zareba,
MD, PhD. University of Rochester Medical Center, Rochester,
NY, St. Alphonsus Regional Medical Center, Boise, WI, Univ
of Rochester Medical Center/ Strong Memorial Hospital,
Rochester, NY, Hudson Valley Heart Center, Poughkeepsie,
NY, Michigan Heart, Ypsilanti, MI, Mercy Heart Institute,
Cincinnati, OH, Rochester Regional Health, Pittsford, NY,
Heart Clinic Northwest, Spokane, WA, VMG Electrophysiology,
New York, NY, University of Massachusetts Medical School,
Westborough, MA, Univ of Minnesota, Cardiology Division,
Minneapolis, MN, Duke University Medical Center, Cardiac
Electrophysiology, Durham, NC, Henry Ford Hospital/ Wayne
State University, Detroit, MI, Texas Cardiac Arrhythmia
Institute at St. David’s Medical Center, Austin, TX, Yale
Univ, Bridgeport Hospital, Dept of Medicine, Orange, CT,
MetroHealth Campus Case Western Reserve, Cleveland,
OH, Duke University Medical Center, Durham, NC, Univ of
Rochester, Cardiology Division, Rochester, NY
Background: Women have previously shown to be at a lower
risk of ventricular tachyarrhythmia (VT) events in ICD trials,
however, more contemporary data on the risk of VT/VF by
gender, utilizing uniform, novel ICD programming are lacking.
Objective: We aimed to assess gender differences in VT/VF
events treated with ATP or treated with shock, and all-cause
mortality in the RAID trial.
Methods: The RAID trial enrolled high-risk ICD patients with
ischemic or non-ischemic cardiomyopathy randomized to
ranolazine or placebo. ICD programming was pre-specified with
VT zone 190-220 bpm with 1 ATP and shocks and VF zone >220
bpm with shocks. Gender differences in VT/VF requiring ATP
or shock were evaluated using Kaplan-Meier analysis and Cox
models in an intention to treat analysis. All VT/VF episodes were
centrally adjudicated.
Results: There were 186 women (18%) out of 1012 subjects
enrolled in RAID trial. Women were younger (61 vs. 65 years,
p<0.001), more often non-ischemic (71% vs. 40%), p<0.001),
they less often had diabetes (25% vs. 35%, p=0.007), and
they had a shorter QRS duration (121 vs. 133 ms (p<0.001).
Compared to men, women were at a significantly lower risk
of VT/VF/Death (HR=0.70, p=0.046), a lower risk of VT/VF
(HR=0.60, p=0.016), a lower risk of VT/VF treated with ATP
(HR=0.56, p=0.02), and a lower risk of VT/VF treated with shock
(HR=0.44, p=0.007) (Figure). The risk of mortality was similar
between men and women (HR=0.78, p=0.421).
Conclusion: High-risk women implanted with an ICD or a
CRT-D in the RAID trial were found to be at a significantly lower
risk of VT/VF/death, VT/VF, VT/VF requiring ATP or shock when
compared to men. However, both men and women had a similar
risk of mortality.

S-PO04-079
THE ROLE OF IMPLANTABLE LOOP RECORDERS AND
HOME MONITORING TO IDENTIFY THE MECHANISM OF
DOCUMENTED WIDE QRS COMPLEX TACHYCARDIA:
RESULTS FROM A SINGLE CENTER DATABASE

Zeynep Arica, Merle Sophie Thieme, Barbara Bellmann,
Susanne Erlhöfer, Karlo Filipovic, Liz Kuffer, Tobias G. Plenge,
MD, Johannes Terporten, Jan-Hendrik van den Bruck, Jonas
Woermann, Arian Sultan, MD, Jakob Lüker and Daniel
Steven. University of Cologne, Heart Center, Department of
Electrophysiology, Cologne, Germany
Background: In wide QRS complex tachycardia (WCT),
ventricular arrhythmia (VA) is most often the underlying
arrhythmia but supraventricular tachycardia (SVT) with aberrant
conduction is an important differential diagnosis. In patients (pts)
in whom VA was confirmed and treated by catheter ablation (CA)
but no ICD was implanted and in pts in whom VA could not be
confirmed during electrophysiological study (EPS), implantable
loop recorders (ILR) can provide continuous monitoring.
Objective: We aimed to assess the capabilities of ILR home
monitoring in pts with prior WCT.
Methods: We included pts who underwent CA for VA (group
1), SVT (group 2) and diagnostic EPS without induction of
an arrhythmia (group 3) and received an ILR (Reveal LINQ,
Medtronic) at our center between 18.12.2015 and 30.09.2018
(mean follow-up: 14.0±8.3 months) after the documentation of a
WCT. Using the Medtronic CareLink home monitoring system pt
data were analyzed daily.
Results: A total of 26 pts (55.9±14.4 years, 77% male) were
included (group 1: 11, group 2: 4, group 3: 11 pts). After
16.0±29.7 days, pts received an ILR (sensing 0.6±0.3 mV). Prior
to implantation 5 pts had syncope (group 1: 3/11; group 3: 2/11).
LV-EF was normal in 77% of all pts (group 1: 73%, group 2:
75%, group 3: 82%). Based on ILR transmissions, 5/11 of the pts
in group 1 had recurrent VA, 4/11 underwent a second CA of VA
after 5.5±7.1 months and 1/11 received an ICD after 10 months.
In group 2, 2/4 of the pts had recurrent SVT after 36±42.4 days,
1/4 underwent a CA. New or recurrent SVT (in 3/11) and new
VA (in 1/11) were diagnosed in group 3 after 2.5±3.0 months
and a CA was performed in 4/11 after 4.0±4.8 months. New oral
anticoagulation treatment was initiated in 2/11 pts in group 3.
Further syncopal episodes were not observed in any group.
Conclusion: In 11/26 of the pts with WCT the diagnosis was
made by home monitoring after 2.5±3.1 months over a 33-month
follow-up, which resulted in changes in management. ILR with
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home-monitoring capabilities should be considered in pts with
WCT for an effective treatment.

S-PO04-080
CHANGES IN STROKE RATES AND ORAL
ANTICOAGULANT PRESCRIPTION PATTERNS AFTER ICM
IMPLANT
Faisal M. Merchant, MD, FHRS, Rod S. Passman, MD, Dan L.
Musat, MD, Michael H. Hoskins, MD, Avi Fischer, Matthew S.D.
Kerr, Greg Roberts, Yelena Nabutovsky, MS and Suneet Mittal,
BA, MD, FHRS. Emory University School of Medicine, Atlanta,
GA, Northwestern Memorial Hospital, Dept of Cardiology,
Chicago, IL, VMG Electrophysiology, New York, NY, Emory
University, Atlanta, GA, St. Jude Medical, CA, Abbott, Atlanta,
CA, Abbott, Sunnyvale, CA, The Valley Hospital, New York, NY

Background: Implantable cardiac monitors (ICMs) are
increasingly used in clinical management of atrial fibrillation (AF).
Objective: Determine trends in oral anticoagulant (OAC) use,
stroke events, and bleeding events post ICM implant.
Methods: The Commercial and Medicare Supplemental claims
database (MarketScan®) was used to identify patients (pts)
≥18 years old, implanted with an ICM 2013-2016 with a primary
diagnosis of AF. Pts had 6 months pre-/post-implant MarketScan
enrollment and were considered on OACs for a given window if
at least one OAC purchase was observed. Stroke and bleeding
events were identified via diagnosis codes; a 5-day pre-/postimplant blanking was applied. Analysis was repeated in pts
without AF ablation or cardioversion.
Results: In a total of 2,324 pts (63±12 yrs, 61% male;
CHA2DS2-VASc 3.14 ± 1.95), stroke rates decreased by 88%
(HR 0.12 [0.07 0.2] p < 0.001) post-ICM implant, while bleeding
events remained unchanged (HR 0.94 [0.74 1.2] p = 0.623).
The effect remained after excluding pts with AF ablation (588) or
cardioversion (376). After ICM implant, 182 pts stopped OACs
and 296 started OACs, with a net increase in the fraction of pts
on OACs post-ICM [61% vs 56%; p <0.001]. No strokes occurred
in pts who stopped OACs.
Conclusion: Analysis of a large, real-world dataset suggests
that physicians are engaging in ICM-guided AF management
of OAC prescriptions. While this strategy appears safe as
evidenced by a reduction in strokes and no changes in bleeding
rates, additional studies are needed to confirm these findings.
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Background: Epicardial access may be required for epicardial
mapping, lead placement, ablation or for deploying left atrial
appendage closure devices. In clinical procedures, a 21G
MPN is currently used to access the pericardial space (PS).
Complications can arise from inadvertent entry into the
myocardium, lung or abdominal organs. The proposed device
provides a more definitive means of determining the position of
the tip of the needle relative to the organ using CZM.
Objective: This study evaluates the use of a modified 21G
MPN with CZM from two electrodes on the needle to assist the
surgeon in gaining access to the PS.
Methods: In vivo studies were done on porcine models (n=4) to
assess the ability of the needle to distinguish between tissues
using CZM. Guided by fluoroscopy, a modified MPN was used
to access the pericardial space through the subxiphoid process
while continuously collecting impedance data. A guidewire was
advanced to confirm access to the pericardium. Two-way ANOVA
tested the differences between different organs.
Results: There was a clear trend in the bioimpedance as the
MPN progressed through the tissue (Fig. 1). All bioimpedance
between the anterior mediastinum (AMS), lung and pericardial
space (p<0.0001) were significantly different. The bioimpedance
between the AMS and the subcutaneous space was nonsignificant. The larger impedance signature of the lung easily
distinguishes it from other organs.
Conclusion: CZM using a modified MPN can be used to safely
access the PS. This device can ascertain the location of the tip
of the needle relative to the organ.

S-PO04-082
TRENDS IN UTILIZATION OF IMPLANTABLE
CARDIOVERTER DEFIBRILLATOR IN PATIENTS WITH END
STAGE RENAL DISEASE ON HEMODIALYSIS

S-PO04-081
CONTINUOUS BIOIMPEDANCE MONITORING USING A
21 GAUGE MICROPUNCTURE NEEDLE FOR EPICARDIAL
ACCESS

Mathews John, MSBME, Allison Post, PhD, David A. Burkland,
Brian D. Greet, MD, Anand Ganapathy, MD, Ashley Rook, BS,
Abdi Rasekh, MD and Mehdi Razavi, MD. Texas Heart Institute,
Houston, TX, Texas Heart Institute Cardiology Education
Department, Houston, TX, Baylor College of Medicine, Houston,
TX, Texas Heart Institute, Hall-Garcia Cardiology Associates,
Houston, TX

Kanishk Agnihotri, MBBS, MD, Amjad Abualsuod, MBBS, Naga
Venkata Krishna Chand Pothineni, MD, Aatish Garg, MD, Nilay
V. Patel, MBBS, MD, Parshva Patel, MD, Jawahar L. Mehta,
Hakan Paydak, MD, FHRS and Abhishek J. Deshmukh, MD,
FHRS. University of Arkansas for Medical Sciences, Little Rock,
AR, Univ of Arkansas for Medical Sciences, Little Rock, AR,
Virginia Commonwealth University, VA, University of Kansas
Medical Center, KS, Drexel University College of Medicine,
Philadelphia, PA, University of Arkansas for Medical Sciences
Program, Little Rock, AR, Mayo Clinic, Rochester, MN
Background: Patients with end-stage renal disease (ESRD) are
at increased risk of cardiovascular mortality in particular sudden
cardiac death (SCD).
Objective: We studied trends in utilization of ICD in these
patients from 2006 to 2013 using the Nationwide Inpatient
Sample.
Methods: We identified patients who underwent ICD placement
from 2006 to 2013 using International Classification of Diseases
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9 Clinical Modification(ICD-9CM) procedure code 37.94 and
had a simultaneous diagnosis of ESRD requiring hemodialysis
(HD)585.6.
Results: A total of 554,638 patients underwent ICD placement
from 2006 to 2013, of which 16,605 had ESRD requiring HD.
There was an increase in ICD utilization from 2006 to 2009
followed by a decline.Patients with ESRD on HD had higher
mortality(2.5% vs 0.5%) and had a longer length of stay in
days(10.6 vs 5.8 ). ESRD requiring HD was an independent
predictor of increased mortality apart from increasing age and
co-morbidity burden.
Conclusion: Patients with ESRD on HD are not well
represented in ICD trials. This cohort was found to have
increased mortality and longer length of stay.

S-PO04-083
PERMANENT HIS BUNDLE PACING USING STYLET
DIRECTED, ACTIVE FIXATION LEADS DELIVERED
THROUGH CORONARY SINUS SHEATHS

Michael V. Orlov, MD, PhD, David A. Casavant, MSBE, Ahad
Jahangir, BSBE and John V. Wylie, MD. Steward St Elizabeth
Med Ctr of Boston, Boston, MA, Boston Scientific, Boston, MA,
Boston University, Boston, MA, St. Elizabeth’s Medical Center/
Steward Healthcare, Brighton, MA
Background: Permanent His bundle pacing (PHBP) has been
predominantly achieved using the stylet-less MDT Model 3830
fixed helix lead delivered through a specially designed doublecurved catheter. The use of coronary sinus sheaths to deliver
conventional active-fixation, stylet directed leads has not been
described.
Objective: To characterize the methods and success in
achieving PHBP using two different stylet-driven, active-fixation
leads delivered through coronary sinus (CS) lead delivery
sheaths.
Methods: PHBP was attempted in 26 pts (16 males, 77±12
years). Pacing indication was diverse and included rapid AF/
AVN ablation (5), sick sinus syndrome (3), AV block (11), CRT/
LBBB (7). In the 1st half of series, the 5.8 Fr BSCI Model 4672
lead with a deployable, electrically active helix was attempted;
thereafter, the 5.3 Fr BSCI Model 4471 lead with an electrically
inert fixed helix. Lead delivery to the HBP region was achieved
using CS guide catheters designed for R-sided CS access
(BSCI Models 8107 and 8109) . A J-shaped stylet formed the
secondary distal curve.
Results: PHBP was acutely successful in 23/26 (89%) pts.
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Secondary septal curve stylet and several delivery attempts
were needed in most pts. Mean procedure and fluoroscopy times
were 128±44 and 9.7±5.2 minutes, respectively. Mean acute
HBP threshold was 2.4±1.6V at 1ms (avg) PW and remained
stable over 1 yr follow up. Threshold was equivalent between
leads, impedance of the Model 4672 was higher (659±182 vs.
361±55 Ohms, p<0.001). Acute R-waves were comparable at
4.7±2.4mV and remained stable. Exclusive use of extended
battery devices predicted mean longevity of 8.1±1.6 yrs. The
4471 lead was preferred due to its handling characteristics and
deliverability by a single operator.
Conclusion: PHBP using stylet-driven leads delivered via
available CS sheaths is feasible. The fixed-helix lead was
preferred for its ease of deliverability. HBP thresholds in this
diverse group were acceptable, particularly considering longer
life devices. This approach offers a secondary option in pts with
dilated right atrium, severe tricuspid regurgitation, or failure of
the standard approach.

S-PO04-084
SUBSTERNAL EXTRAVASCULAR ICD ELECTRODE
POSITION STABILITY

Thomas Lulic, Kent Wika, Jason Santelli, Maggie Pistella and
Mike Piette. Medtronic plc
Background: The extravascular defibrillator (EV ICD) system
may offer patients critical SCD protection while remaining
outside the heart and preserving the native vasculature. The EV
ICD system uses a novel design and implant procedure to keep
lead electrodes in place under the sternum. It is critical that the
system remain stable throughout the duration of implant. While
the lead shape and stiffness are intended to provide stability,
lead anchoring at the substernal access point is important. In
addition, device implant location can vary and may contribute to
different force transmission during activities of daily living. We
sought to measure the effects of body movement on EV ICD
lead stability in human cadavers.
Objective: The purpose of this work was to measure the effect
of body movement on the EV ICD lead and thereby develop
a lead anchoring mechanism and implant technique that has
acceptably low incidence of patient complications due to
dislodgement.
Methods: The EV ICD lead was implanted in seven fresh
human cadavers. The cadaver subjects were positioned into
various postures and the dislodgement force applied to the
lead was measured. A lead design and implant technique were
developed from these use condition measurements. The holding
force of the lead anchoring mechanism and suture technique
were measured in a bench test. The distributions of these
measurements were compared to estimate risk to electrode
position instability.
Results: Most postures cause a small dislodgement force to be
applied to the lead (<1 pound), though an arched back posture
can yield a dislodgement force as high as 2 pounds. The lead
anchoring mechanism combined with tying suture knots with at
least 2 pounds of tension yields suture sleeve holding force that
is high enough to achieve acceptable outcomes for lead stability.
Conclusion: Forces acting on the implanted lead in the
substernal implant location have been assessed with cadaver
postural studies to understand anchoring requirements for
the novel substernal lead placement. Tying suture knots with
≥2 pounds of tension provides acceptably low risk of lead
movement/dislodgement.
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S-PO04-085
HIS BUNDLE PACEMAKER IMPLANT WITH PATTERN
MATCHING

Ankur N. Shah, Deep Shah, MD, Sreedhar R. Billakanty, MD,
FHRS, Nagesh Chopra, MD, Eugene Y. Fu, MD, FHRS, Allan
J. Nichols, MD, CCDS, Gregory A. Kidwell, MD, James M.
Kleman, MD, Shannon Brown, MSN, Jennifer James, MSN, NP,
Victoria Murnane, MSN, S. Kay Nichols, MS, APRN, RN, Jill
Swinning, MSN, Andrea Robinson, MSN and Anish K. Amin,
MD. Riverside Methodist Hospital, Columbus, OH, OhioHealth
Heart & Vascular Physicians, Columbus, OH, OhioHealth Heart
and Vascular Physicians, Columbus, OH
Background: HIS bundle pacing replicates native ventricular
conduction and reduces the rate of right ventricular pacing
induced cardiomyopathy and heart failure hospitalization.
The complexity of defining the level of HIS bundle capture
as selective, non-selective or RV septal is an obstacle to
widespread adoption.
Objective: Evaluate the role of a novel QRS matching algorithm,
Pattern Match™ (Biosense Webster, Diamond Bar, CA) for
implantation of a HIS bundle pacemakers.
Methods: HIS bundle pacemaker implants completed at our
institution using the Pattern Match™ algorithm were reviewed.
Pattern Match™ is a continuous QRS mapping filter that
calculates a Pearson correlation coefficient between a reference
QRS and a real time QRS complex. The coefficient is weighted
by channel voltage and QRS morphology and reported as a
percentage match. Prior to pacemaker implant a reference of
the native QRS was obtained. The HIS region was mapped with
the pacing lead and affixed at the site of highest Pattern Match
during continuous bipolar pacing.
Results: Nine patients were implanted using the Pattern
Match™ algorithm. The mean correlation coefficient of HIS
bundle implants using Pattern Match™ algorithm was 96%.
Selective HIS capture was present in 8 of 9 patients by
traditional characteristics all of whom had a Pattern Match
>92%. Capture thresholds ranged between 0.8 and 2.3 V at 1
ms, respectively. Sensing measured between 1.5 and 7.1 mV
respectively. Mean procedure duration was 92 minutes.
Conclusion: Our case series demonstrates the ability to implant
His bundle pacemakers using a novel Pattern Match™ algorithm
which may facilitate rapid and consistent recognition of HIS
bundle pacing.

S-PO04-086
SCREENING TIME AND DEVICE IMPLANT EXPERIENCE IN
CARDIAC RESYNCHRONISATION THERAPY IMPLANTS

Idris John. Harding, MBBS, Banu Evranos, MD, Nilanka
Mannakkara, Lisa WM. Leung, MBChB, Hanney Gonna, BMBS,
Zia Zuberi, PhD, Abhay Bajpai, MD, Anthony Lee, Manav
Sohal, MBBS, Zhong Chen, Ian Beeton, Nesan Shanmugam
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and Mark M. Gallagher, MD. St Georges Hospital, London,
United Kingdom, Cardiology Department, St. Georges Hospital,
London, United Kingdom, Royal Surrey County Hospital,
Guildford, United Kingdom, St Peter’s Hospital, Chertsey, United
Kingdom, St George’s Hospital, London, United Kingdom
Background: Cardiac Rhythm Management device implantation
is a major source of radiation exposure for implanting physicians,
who must be positioned close to the radiation beam throughout
most of the implant procedure. Many determinants of radiation
exposure (eg: patient physique and procedural considerations)
are not ameliorable; however physician training and experience
may significantly affect radiation usage.
Objective: To determine if operator experience has a role in
reducing screening time during complex device implantation
procedures.
Methods: Personnel, procedural and complication data were
extracted from records of all CRT implants at St Georges
Hospital, London, St Peters Hospital, Chertsey and Royal Surrey
County Hospital, Guildford between 1/10/2009 and 30/9/2017.
Results: 1172 new CRT implant procedures were undertaken by
24 primary operators, of which 928 had sufficient data recorded
for inclusion in this study. The two operators achieving the
lowest average screening times per procedure used 11.39 and
11.53 mins respectively, representing the nadir that is practically
achievable. Mean screening time over the cohort was 16.47
mins. Screening times overall correlated with the number of
procedures an individual operator carried out during the study
period (see Figure 1 Spearman r = -0.4905, P=0.0175).
Conclusion: The lowest screening time achievable with
experience at this procedure appears to be between 11 and 12
mins. There is a strong relationship between ongoing procedural
volume and minimisation of screening time.

Background: In addition to the Evolution RL sheath, tools by
Cook Medical, supporting lead extraction (LE), are available.
Data on their use are not reported in detail in previous studies.
Moreover, data regarding outcome are lacking.
Objective: The aim was to evaluate the safety and effectiveness
of the Evolution sheath (Evolution RL and Evolution
Shortie,Cook Medical,USA) by using a stepwise approach with
the available extraction tools and the outcome.
Methods: A total of 393 leads in 198 consecutive patients were
removed with the Evolution RL sheath and ancillary tools using a
stepwise approach.
Results: The main indication for LE was infection in 125(63.1%)
cases. The mean implant duration was 95.4±59.7 months.
According to our stepwise approach the Evolution Shortie RL
sheath was used in all cases and complete LE was achieved
in 24(12.2%) cases.The Evolution RL was used in 174(87.8%)
cases and the SteadySheath Evolution tissue stabilization
sheath (Cook Medical) in 87(44%) because of tenacious fibrosis
anchored targeted leads. Compression coil (OneTie,Cook
Medical) was used in 141(71%) cases.Complete procedural
success rate, clinical success rate and lead removal with clinical
success rate were 97%, 99% and 99.5% respectively.Clinical
success rate was 99%.One major complication (0.5%) and 10
(5%) minor complications were encountered. During a mean
time follow-up of 12±9 months, 14(7%) patients died. Predictors
of mortality included impaired renal function (HR 5.7;95%CI 1.917.6;P=0.002), extraction because of infection (HR 4.0;95%CI
1-18.1;P=0.045) and diabetes (HR 3.2;95%CI 1.1-9.8;P=0.036).
Conclusion: Lead extraction using the Evolution RL bidirectional
rotational mechanical sheath and ancillary tools in a systematic
stepwise approach was effective and safe.

S-PO04-088
THE EFFECTIVENESS OF CARDIOVASCULAR
IMPLANTABLE ELECTRONIC DEVICES LEAD
EXTRACTION FOR NON INFECTIOUS PATIENTS

Michio NAGASHIMA, Kenji Ando, MD, Masato Fukunaga, MD
and Kenichi Hiroshima. Kokura Memorial Hospital, Kitakyushu,
Japan, Kokura Memorial Hospita, Kitakyushu, Japan

S-PO04-087
MULTICENTRE EXPERIENCE WITH THE EVOLUTION
MECHANICAL SHEATH FOR LEAD EXTRACTION USING A
STEPWISE APPROACH: SAFETY, EFFECTIVENESS AND
OUTCOME
Federico Migliore, Martina Testolina, Domenico Carretta, Tullio
Agricola, Giovanni Rovaris, Domenico Facchin, Sabino Iliceto,
Emanuele Bertaglia, MD and Patrizio Mazzone. Department of
Cardiac, Thoracic and Vascular Sciences. University of Padua,
Padova, Italy, Unit of Cardiovascular Diseases, University of
Bari, Italy, Bari, Italy, Electrophysiology Unit, Cardiovascular
Department, “Spirito Santo” Hospital, ASL Pescara, Pescara,
Italy, Chieti 0, Italy, Interventional Electrophysiology Unit,
San Gerardo Hospital, Monza, Italy, Italy, University Hospital
Santa Maria della Misericordia, Udine, Italy, Udine, Italy,
Azienda Ospedaliera di Padova, Padova, Italy, Department of
Cardiology and Cardiothoracic Surgery, Arrhythmia Unit and
Electrophysiology Laboratories, Ospedale San Raffaele, Milan,
Italy, Milano, Italy

Background: Although the indication for transvenous lead
extraction (TLE) to clear a cardiac device-related infection is
relatively uncontroversial, the decision-making process regarding
lead extraction for noninfectious indications is frequently less
straightforward. Not only are there no randomized data to guide
treatment, but it is unclear in many cases whether the risk of
extraction would outweigh the benefit of having the leads removed.
Objective: Authors provide the retrospective analysis of the
effectiveness and safety of TLE for non-infectious lead.
Methods: Between 2009 September and 2018 August, we
performed TLE in 399 patients (pts). Out of these, 69 (16.8%) pts
had been performed TLE because of non - infectious indications.
The clinical characteristics including indication and complication
were summarized.
Results: There were 66 patients (Male 49pts, Mean Age
56.5±16.2 years) in non-infectious group. Most common
indication for lead extraction was lead failure in 54pts (81.8%).
All patients underwent successful transvenous removal of
endocardial leads. One of 66 patients (1.5%) had evidence of
major complication in non-infectious patient (hemothorax, who
recovered by emergent surgery). No significant difference of
major complication was found in the non - infectious lead group
compared to infectious lead group (1.5vs.2.4%, P=0.65).
Conclusion: In non-infectious group, percutaneous transvenous
lead extraction could be performed safely. In assessing an
individual’s indication for transvenous lead extraction, the risks of
extraction must be compared with the risk of lead abandonment.
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S-PO04-089
THE EFFECT OF DIFFERENT PERI-PROCEDURAL
ANTICOAGULATION REGIMENS ON IN-HOSPITAL
OUTCOMES AFTER LEAD EXTRACTION IN CRT
PATIENTS- A SUBSTUDY OF THE ESC-EHRA ELECTRA
REGISTRY

Francois D. Regoli, MD, PhD, Angelo Auricchio, MD, PhD,
Andrea Di Cori, MD, Luca Segreti, MD, Carina BlomströmLunqvist, Christian Butter, MD, Jean-Claude Deharo, MD,
Charles E. H. Kennergren, MD, PhD, FHRS, A. Kutarski,
Aldo Maggioni, Christopher A. Rinaldi, Christopher A.
Rinaldi, Maria Grazia Bongiorni, MD, ESC-EHRA ELECTRa
Registry Investigators. Fondazione Cardiocentro Ticino,
Lugano, Switzerland, University of Pisa, Pisa, Italy, Azienda
Ospedaliero Universitaria Pisana, Pisa, Italy, Uppsala
University, Department of Cardiology and Medical Science,
Uppsala, Sweden, Herzzentrum Brandenburg in Bernau, Dept
of Cardiology, Bernau, Germany, Hopital La Timone, Marseille,
France, Sahlgrenska Univ Hospital, Gothenburg, Sweden,
Medical University of Lublin, Department of Cardiology, Lublin,
Poland, Associazione Nazionale Medici Cardiologi Ospedalieri
Research Center, Florence, Italy, Guy’s Hospital, Department
of Cardiology, London, United Kingdom, University Hospital of
Pisa, Pisa, Italy
Background: Little is known about peri-procedural
anticoagulation (AC) management in the setting of transvenous
lead extraction (TLE).
Objective: The effect of different peri-procedural AC regimens
on the in-hospital outcomes of patients (pts) with cardiac
resynchronization devices (CRT) undergoing TLE was
investigated.
Methods: Alla CRT pts enrolled in the ELECTRa registry were
considered. Procedural-related major and minor complications
and death were compared between the different perioperative AC regimen groups, which included interruption of
anticoagulation without bridging (G1), interruption with “bridging”
(G2), or uninterrupted anticoagulation (G3).
Results: A total of 734 CRT pts were enrolled; 328 (44.7%) were
under AC, either treated with vitamin K antagonists (VKA)(n=230,
70%), non-VKA antagonist (n=54, 16%) or unfractionated/
fractionated heparin (n=44, 13%). AC was interrupted in 169 pts
(G1,52%), interrupted with “bridging” in 135 pts (G2,41%), or
uninterrupted in 24 (G3, 7%). Demographic, clinical, and antiplatelet treatment did not differ between the groups. In a context
of a very low rate of events, no differences were found in the
rates and cumulative incidences of major complications between
the groups. However, G2 presented a significantly higher rate of
minor complications in the post-procedural phase compared to
the other groups (see Table).
Conclusion: In more than half of CRT pts treated with AC,
preferred management was AC interruption without bridging.
“Bridging” was associated with a significantly higher rate of minor
complications in the post-procedural phase compared to other
peri-procedural AC management strategies.

S-PO04-090
INTERFERENCE WITH INTRACARDIAC STRUCTURES
LIMITS CURRENT LEADLESS PACEMAKER DESIGNS TO
APICAL REGIONS

Orod Razeghi, Marina Strocchi, Angela Lee, PhD, Jonathan M.
Behar, BMBS, BS, DPhil, CCDS, Justin Gould, MBBS, Baldeep
Singh. Sidhu, BM, Ronak Rajani, Christopher A. Rinaldi, MD,
FHRS and Steven A. Niederer, PhD. King’s College London,
United Kingdom, Cardiology Department, Barts Heart Centre,
London, United Kingdom, Guy’s & St Thomas’ Hospital and
King’s College London, United Kingdom, Guys and St Thomas
NHS Foundation Trust, London, United Kingdom, Guy’s &
St Thomas’ Hospital, United Kingdom, St. Thomas Hospital,
Cardiac Dept, London, United Kingdom
Background: Wireless left ventricle (LV) endocardial pacing
precludes the need for permanent leads in the LV. However, their
ability to physically fit in the LV is unknown.
Objective: To determine if current wireless pacemakers can
physically fit within the LV without interfering with intracardiac
structures.
Methods: Cardiac CT images were obtained from 14 patients
indicated for cardiac resynchronization therapy (CRT) upgrade.
The mitral annulus, papillary muscles, and the LV endocardial
wall were manually marked in the end diastolic frame (Fig. A).
Mitral annulus landmarks were connected to each papillary
muscle to create a coned geometry, representing the chordae
tendineae. Intracardiac structures motions were tracked through
the cardiac cycle. Two wireless pacemakers were evaluated:
Abbott’s Nanostim LCP (42x5.99mm) and Medtronic’s Micra TPS
(25.9x6.7mm). The two designs were virtually placed on each
vertex in the LV wall to detect collisions with the intracardiac
structures throughout the cycle.
Results: Probability maps of LV intracardiac structures collisions
on a 16 segment AHA model indicate possible placement for
the Nanostim LCP (Fig. B) and Micra TPS (Fig. C) pacemakers.
Apical region placement prevents collision for both designs.
Micra TPS can also be placed in the mid anteroseptal, anterior,
and anterolateral regions.
Conclusion: LV intracardiac structures limit the placement of
current wireless pacemakers to primarily apical regions. The
current designs are unable to target basal lateral positions,
which are associated with optimal CRT response.
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S-PO04-092
PERSONALIZED MONITORING OF ELECTRICAL
REMODELING DURING ATRIAL FIBRILLATION
PROGRESSION VIA REMOTE TRANSMISSIONS FROM
IMPLANTABLE DEVICES

S-PO04-091
MAGNETIC RESONANCE IMAGING IN NON-CONDITIONAL
PACEMAKERS AND IMPLANTABLE DEFIBRILLATORS A
SYSTEMATIC REVIEW AND META ANALYSIS
Dian A. Munawar, MD, Joel E.Z. Chan, Mehrdad Emami, MD,
Kadhim Kadhim, MBChB, Kashif B. Khokhar, MBBS, Anand
Thiyagarajah, MBBS, CCDS, Catherine O’Shea, Varun Malik,
MBBS, Ricardo Sadashi. Mishima, MD, Dominik K. Linz, MD,
Rajiv Mahajan, MD, PhD, FHRS, Prashanthan Sanders, MBBS,
PhD, FHRS and Dennis H. Lau, MBBS, PhD, FHRS. Centre
for Heart Rhythm Disorders, Adelaide, Australia, University of
Adelaide, Adelaide, Australia, University of Adelaide, Unley,
Australia, Centre for Heart Rhythm Disorders, University of
Adelaide, Adelaide, Australia, Royal Adelaide Hospital, Centre
of Rythm Disorders, Adelaide, Australia, Centre for Heart
Rhythm Disorders, The University of Adelaide, Adelaide,
Australia, Cardiology, Adelaide, Australia, University of
Adelaide, Royal Adelaide Hospital and SAHMRI, Adelaide, SA,
Australia, Royal Adelaide Hospital, Adelaide, Australia

Background: Magnetic resonance imaging (MRI) in patients
with non-conditional cardiac implantable electronic devices
(CIEDs) is traditionally contraindicated due to safety concerns.
Objective: We performed a systematic review and metaanalysis to evaluate the safety of MRI in patients with nonconditional CIEDs.
Methods: English scientific literature was searched using
Pubmed/Embase with keywords of “magnetic resonance
imaging”, “pacemaker”, “implantable defibrillator”, and “cardiac
resynchronization therapy”. Studies were excluded if: the MRI
conditionality of the CIEDs was undisclosed; the number of
patients enrolled was <10; they were case reports/series.
Results: 35 cohort studies with a total of 5,506 patients and
6,681 MRI exams (1.5-3 Tesla) in non-conditional CIEDs were
included in the analysis. The incidence of lead failure, electrical
reset, arrhythmia, inappropriate pacing and symptoms related to
pocket heating or torque was very low (Table 1). The magnitude
of changes in pacing lead characteristics was very small.
Increase of lead threshold >0.5 V (6 studies) and impedance >50
ohm were found in 1.5% (95%CI 0.7%-2.5%) and 4.4%(95%CI
3.0%-6.1%) respectively. Similarly, the incidence of a decrease
in P and R wave sensing >50% were 1.4%(95%CI 0.5%-2.7%)
and 0.5%(95%CI 0.05%-1.3%) respectively. Battery voltage drop
>0.04V was found in 2.1%(95%CI 0.2%-5.8%).
Conclusion: This meta-analysis demonstrates the safety of MR
imaging in non-conditional CIEDs with extremely low incidence
of lead or device issues. No death or inappropriate shocks were
encountered.

David Filgueiras-Rama, MD, PhD, José María Lillo-Castellano,
PhD, Juan José González-Ferrer, MD, PhD, Manuel MarinaBreysse, MD, José Bautista Martínez-Ferrer, MD, Luisa PérezÁlvarez, MD, Javier Alzueta, MD, Juan Gabriel Martínez, MD,
Juan Carlos Rodríguez-Pérez, MD, Anibal Rodríguez, MD,
Ignasi Anguera, MD, Xavier Viñolas, MD, Arcadio Garcia
Alberola, Javier Jiménez-Díaz, MD, Jorge G. Quintanilla, PhD,
Nicasio Pérez-Castellano, MD, PhD, Jose Jalife, MD, FHRS
and Julián Pérez-Villacastín, MD, PhD. Centro Nacional de
Investigaciones Cardiovasculares (CNIC), Madrid, Spain,
Instituto de Investigación Sanitaria del Hospital Clínico San
Carlos (IdISSC), Madrid, Spain, Hospital Universitario de Araba,
Vitoria, Spain, Hospital Universitario A Coruña, La Coruña,
Spain, Hospital Universitario Virgen de la Victoria, Málaga,
Spain, Hospital General Universitario de Alicante, Valencia,
Spain, Hospital Insular de Gran Canaria, Las Palmas, Spain,
Hospital Universitario de Canarias, Santa Cruz de Tenerife,
Spain, Hospital de Bellvitge, Barcelona, Spain, Hospital Santa
Creu i san Pau, Barcelona, Spain, Hospital Virgin Arrixaca
Und De, Murcia, Spain, Hospital General Universitario de
Ciudad Real, Ciudad Real, Spain, Instituto de Investigación
Sanitaria del Hospital Clínico San Carlos, Madrid, Spain, Univ of
Michigan, Center for Arrhythmia Research, Saline, MI
Background: Atrial electrical remodeling (AER) is a transitional
period associated with the progression and long-term
maintenance of atrial fibrillation (AF).
Objective: To study the individual progression of AER in patients
with implantable cardioverter defibrillator (ICD) and AF episodes.
Methods: Multicenter registry (51 centers) including 4618
patients undergoing ICD implantation from 2011 to 2017 (median
follow-up 3.4 years). Atrial activation rate (AAR) was quantified
as the frequency of the dominant peak in the signal spectrum
of AF episodes with atrial bipolar electrograms. Patients with
complete progression of AER, from paroxysmal AF episodes to
electrically remodeled persistent AF,were used to depict patientspecific AER slopes.
Results: A total of 33918 AF tracings obtained from 743 patients
(age 67.1 [59.2-73.6] years-old) were suitable for the study.
Complete progression of AER was documented in 200 patients.
The slope of AAR during AF progression showed patient-specific
patterns (Figure) that correlated with the time-to-completion of
AER (R2=0.85). Patients with persistent AF showed faster AAR
than patients with paroxysmal AF (6.36 [5.63-6.96] vs. 4.63
[4.08-5.34] Hz, respectively, p<0.001). AAR during persistent
AF correlated with paroxysmal AF values and the underlying
cardiac condition (R2=0.46). The time-to-completion of AER
could be estimated using the predicted value of AAR at the
end of the AER process and the computed slope at 25% of the
expected change in AAR from initiation to completion of electrical
remodeling (R2=0.45).
Conclusion: AF progression shows patient-specific patterns of
AER, which can be estimated using remote monitoring data from
ICDs.
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S-PO04-094
INFECTION RISK ASSOCIATED WITH CARDIOVASCULAR
IMPLANTABLE ELECTRONIC DEVICE ENVELOPE USE

Thomas A. Dewland, MD, Eric Stecker, MD, FHRS, Charles
A. Henrikson, MD, FHRS and Merritt H. Raitt, MD, FHRS.
Oregon Health & Science University, Portland, OR, Knight
Cardiovascular Institute, Portland, OR, Portland VA Medical Ctr,
Cardiology, Portland, OR

S-PO04-093
A REAL-WORLD ANALYSIS OF REMOTE MONITORING
IN OVER 10,000 PATIENTS USING A VENDOR-NEUTRAL
SOFTWARE SYSTEM

Catherine O’Shea, MBBS, Anthony G. Brooks, BS, Kevin R.
Campbell, MD, Jeroen ML. Hendriks, MS, PhD, RN, Dennis
H. Lau, MBBS, PhD, FHRS and Prashanthan Sanders, MBBS,
PhD, FHRS. Royal Adelaide Hospital & University of Adelaide,
Kingswood, Australia, Royal Adelaide Hospital, Adelaide SA,
Australia, PaceMate, Raleigh, NC, Centre for Heart Rhythm
Disorders - University of Adelaide, Adelaide, Australia, Royal
Adelaide Hospital, Norwood, Australia, University of Adelaide,
Royal Adelaide Hospital and SAHMRI, Adelaide, SA, Australia
Background: Remote monitoring (RM) of cardiac implantable
electronic devices (CIEDs) allows for timely recognition of patient
and device events requiring intervention. Most RM involves
burdensome manual workflow that occurs exclusively on
weekdays, during office hours. Automated software may reduce
such burden, enabling RM of large patient groups.
Objective: To assess the quantity and nature of CIED alerts in
a large patient cohort, from multiple centres, remote monitored
via an automated vendor-neutral software system with 24/7
processing of CIED alerts by IBHRE-certified technicians.
Methods: We performed an analysis of 10,554 consecutive
patients with a CIED who underwent managed RM via
PaceMateTM between April and October 2018. Analysis included
CIED type and all alerts according to gravity and device type.
Red alerts signified a patient or device event requiring urgent
review, while yellow alerts required non-urgent review.
Results: Of the 10554 patients undergoing managed remote
monitoring, 4432 (42%) patients had a permanent pacemaker
(PPM), 3413 (32.3%) had an implantable cardioverter
defibrillator (ICD), and 2709 (25.7%) had an implantable loop
recorder (ILR). 18940 alerts were transmitted. 3210 (30.4%) of
patients transmitted at least one alert. ICDs were responsible
for 3258 (17.2%) alerts, PPMs for 2490 (13.1%) alerts, and ILRs
for 13,192 (69.7%) [p<0.001] alerts. 604 (3.2%) alerts were red,
and 18336 (96.8%) were yellow. 386 (63.9%) red alerts were
transmitted by ICDs, 128 (21.2%) by PPMs, and 90 (14.9%) by
ILRs.
Conclusion: In a large managed RM patient cohort, almost
one-third of patients transmitted at least one device alert during
a 6-month period, totalling over 18,000 alerts. ILRs were overrepresented, transmitting 69.7% of alerts, despite accounting for
only a quarter of all devices. 63.9% of red alerts were transmitted
by ICDs. The enormity of the number of transmissions and the
growing alerts from use of ILR highlight the need for a new
approach to management of RM.

Background: Cardiovascular implantable electronic device
(CIED) envelopes, placed in the generator pocket during
implant, have been promoted to reduce infection-related pocket
complications. The CanGaroo envelope is manufactured from
porcine intestinal submucosa and is designed to enhance
neovascularization and reduce bacterial growth.
Objective: To compare the risk of pocket complications after
CanGaroo envelope implantation compared to 1) no envelope or
2) the Medtronic TYRX antibiotic envelope.
Methods: Consecutive patients undergoing transvenous CIED
procedures at two academic medical centers between 3/20169/2016 were retrospectively identified. CanGaroo envelopes
were frequently implanted over this time interval. Potential
confounders associated with pouch use and device infection
were accounted for using propensity modeling (Figure). The
primary outcome was a healthcare encounter to treat pocket
infection.
Results: A total of 292 patients were included (156 ICDs,
174 new implants). CanGaroo and TYRX envelopes were
used in 53 (18%) and 64 (22%) patients, respectively. Seven
patients had a healthcare encounter to treat pocket infection; 4
required complete system extraction and 3 received antibiotics.
While there were no statistically significant infection risk factor
differences between envelope groups, patients treated with
CanGaroo envelopes had a significantly higher incidence of
pocket complications compared to TYRX pouches (7.6 vs 0%, p
= 0.025, Figure).
Conclusion: Pocket related infection complications are
significantly higher among patients treated with CanGaroo
envelopes. This difference is not explained by infection risk
factors.
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S-PO04-095
ROLE OF IMPLANTABLE CARDIOVERTERDEFIBRILLATORS IN PREVENTING SUDDEN CARDIAC
DEATH IN CARDIAC AMYLOIDOSIS PATIENTS: A METAANALYSIS AND LITERATURE REVIEW
Ahmad Halawa, MD, Kristina Gifft, MD and Martin A. Alpert,
MD. University of Missouri-Columbia, Columbia, MO

Background: Cardiac amyloidosis (CA) is associated with
high mortality rate largely due to sudden cardiac death (SCD).
The role of an Implantable Cardioverter-Defibrillator (ICD) in
preventing SCD is not clear.
Objective: To study the effectiveness and outcomes of ICD in CA.
Methods: Multiple sites were searched, from 2000 until 2018,
for literatures addressing ICD use in CA. A meta-Analysis
was performed to summarize the results. Mean difference
(MD), range difference (RD) and confidence interval (CI) were
calculated.
Results: Five studies with 163 patients qualified for the analysis.
79% were males and mean age was 61years. The mean left
ventricular ejection fraction (LVEF) was 49.7%. Heart failure (HF)
occurred in 67%, non-sustained ventricular tachycardia (NSVT)
in 51% and syncope in 21%. The majority of patients received an
ICD for primary prevention (83%). During mean follow up period
of 18.2 months, 21% received ICD appropriate therapy (AT) and
5% inappropriate therapy (IAT). The overall mortality rate was
30% (95% CI: 0.11 to 0.49). ICD therapy failed in 6 of 38 patients
who received AT. Combined analysis of two studies (98 patients)
showed that AT patients did not differ from the rest in age [MD:
-2.6, 95% CI: -7.07 to 1.86], LVEF% [MD: 6.22, 95% CI: -0.62
to 13.05], septal thickness [MD: 1.76, 95% CI: -0.28 to 3.8] or
secondary prevention indication [RD: 0.2, 95% CI -0.19 to 0.58].
Higher rates of AT were associated with male gender [RD: 0.2,
95% CI 0.03 to 0.36] and lack of advanced HF [RD: -0.29, 95%
CI: -0.5 to -0.08]. Figure.
Conclusion: CA often presents with HF, NSVT and syncope.
High mortality and ICD therapy failure were noted. Males without
advanced HF tend to have higher rates of AT.

Objective: To assess trends in the incidence of CIED infection
in the last 3 decades using a population-based records linkage
study.
Methods: We identified a cohort of all adults with CIEDs residing
in Olmsted County, Minnesota, from 1988 to 2015 using the
records linkage-system of the Rochester Epidemiology Project.
Standardized criteria were used to identify all CIED infection
cases. The cumulative rate of CIED infection was estimated
using the Kaplan-Meier method and the trends in CIED infection
incidence were calculated with person-years of follow-up after
device implantation.
Results: The cumulative probability of CIED infection was 6.2%
(95% CI 4.0-8.4) at 15 years and 11.7% (95% CI 6.8-17.3) at 25
years of follow-up. The incidence of CIED infection every 7 years
from 1988 to 2015 was 1.3, 5.7, 4.1, and 4.7 per 1,000-person
years, respectively (figure). The 15-year cumulative probabilities
of the CIED infection after the initial, 2nd and 3rd procedures
were 2.6% (95% CI 1.4-3.8), 2.7% (95% CI 1.2-4.2) and 24.1%
(95% CI 3.8-44.4) respectively. Generator changes (HR = 3.08
[95% CI 1.24-7.62], P=0.02) and upgrades (HR = 3.91 [95%
CI 1.47-10.37], P=0.006) were significantly associated with
infection.
Conclusion: Over 25 years of follow up, 1 in 10 patients had
CIED infection. The current incidence of CIED infection is higher
than 2 decades ago. Repeated manipulation of device pockets
introduces a greater risk of CIED infection.

S-PO04-097
EUROPA - RESULTS FROM A LARGE EUROPEAN
MULTICENTER PEDIATRIC CATHETER ABLATION
REGISTRY

TRENDS OF CARDIOVASCULAR IMPLANTABLE
ELECTRONIC DEVICE INFECTION IN 3 DECADES: A
POPULATION-BASED STUDY

Ulrich Krause, MD, Thomas Paul, MD, FHRS, Paolo Della
Bella, MD, Simone Gulletta, MD, FHRS, Roman A. Gebauer,
MD, Christian Paech, MD, FHRS, Peter Kubus, MD, FHRS, Jan
Janousek, MD, PhD, Paola Ferrari, MD and Paolo De Filippo,
MD. Georg-August-University Medical Center, Department of
Pediatric Cardiology, Goettingen, Germany, Ospedale San
Raffaele, Milano, Italy, Heart Centre Leipzig, Dpt. of Paediatric
Cardiology, University of Leipzig, Leipzig, Germany, Children’s
Heart Centre, Prague, Czech Republic, Prague, Czech
Republic, Ospedale Papa Giovanni XXIII, Bergamo, Italy

Background: Infection remains an important complication of
cardiac implantable electronic devices (CIED).

Background: Contemporary data from prospective multicenter
registries on catheter ablation in pediatric patients is sparse.
Objective: Aim of the European Pediatric Catheter Ablation
Registry - EUROPA was to contribute data to fill this gap of
knowledge.
Methods: From July 2012 until June 2017, data on catheter
ablation of various tachycardia substrates including a 1 year
follow-up in pediatric patients (<18 years of age) from 5

S-PO04-096

Vaibhav Vaidya, MBBS, Mingyan Dai, MD, Cheng Cai,
Muhammad Sohail, MD, David Hodge, Jordan Cochuyt,
Abhishek J. Deshmukh, MD, FHRS, Paul A. Friedman, FHRS
and Yong-Mei Cha, MD, FHRS. Mayo Clinic, Rochester, MN,
Wuhan University, Wuhan, China, Mayo Clinic College of
Medicine, Rochester, MN, Mayo Clinic, Jacksonville, FL
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European pediatric EP centers were prospectively collected.
Results: A total of 683 patients (49% female; age 12.4±3.9
yrs., range 0.3-18yrs.; body weight 50.2±19 kg, range 6.2-167
kg) were enrolled. 27/683 patients (4%) had congenital heart
disease. Target tachycardia was WPW/AVRT in 55.7% (n=380),
AVNRT in 33.8% (n=230), FAT in 2.9% (n=20), JET in 0.4%
(n=3), IART in 2% (n=14) and VT in 3.5% (n=24) of the patients,
respectively. Ablation of both AVNRT and AVRT was performed
in 1.7% (n=12) of all patients. Overall procedural success rate
was 95.6%. Compared to other substrates, procedural success
rate was significantly lower in patients with FAT (80%, p= 0.001).
Procedural success was not different between non-irrigated
RF energy (96%, n=544), irrigated RF energy (95%, n=73) and
cryoenergy (90%, n=36, p=0.18). Mean procedure duration was
136±67 (35-448) min., mean fluoroscopy time was 4.9±6.8 (049.3) min. Major complications occurred in 0.7% (femoral vessel
injury 0.15%, transient AV-block 0.15%, pericardial tamponade
0.15%, coronary artery injury 0.3%). No AV-block requiring
permanent pacing was reported. 1-year follow-up was completed
in 605/683 subjects (95%) with an overall recurrence rate of
7.8% (n=47). Recurrence rate after VT ablation (33%, n=7) was
higher (p=0.001) than after ablation of all other substrates.
Conclusion: The present study proves overall high efficacy
and safety of catheter ablation in pediatric patients. Compared
to earlier pediatric ablation registries, fluoroscopy time
and procedure duration were significantly shorter. Of note,
complication rate of < 1% was exceptionally low, even in
comparison to contemporary data on pediatric catheter ablation.
Long-term success was excellent except for patients after VT
ablation in whom recurrence was significantly more prevalent.

S-PO04-098
A NOVEL APPROACH TO REFERENCE ANNOTATION FOR
ELECTROANATOMIC MAPPING

Martin Aguilar, MD, Jonathan Yarnitsky, Lior Botzer, Elad
Nakar, Vias Markides, MBBS, MD, Nicolas Derval, MD, Matteo
Anselmino, MD, Jeffrey R. Winterfield, MD, FHRS, Daniel P.
Melby, Ibrahim Marai, MD, Mahmoud Suleiman, MD, Christian
Meyer and Paul C. Zei, MD, PhD, FHRS. Brigham and Women’s
Hospital, Harvard, Boston, MA, Biosense Webster, Israel,
Biosense Webster, , Biosense Webster, Diamond Bar, CA,
Royal Brompton Hospital and Harefield NHS Trust, London,
United Kingdom, Hopital Cardiologique du Haut-Leveque,
Pessac, France, Division of Cardiology, Department of Internal
Medicine, University of Turin, Turin, Italy, Medical University of
South Carolina, Mount Pleasant, SC, Minneapolis Heart Institute
at Abbott Northwestern Hospital, Minneapolis, MN, Rambam
Mc, Hezliya, Israel, Rambam Medical Center, Cardiology, Haifa,
Israel, Universitätsklinikum Hamburg-Eppendorf, Hamburg,
Germany, Brigham and Women’s Hospital, Boston, MA
Background: Reliable reference annotation is critical for
accurate activation mapping. Currently-used referencing
algorithms can be limited by sub-optimal detection/stability
performance. The Advanced Reference Annotation (ARA)
algorithm, a novel annotation method using a weighted reference
across multiple electrodes (panel D), was developed to optimize
reference annotation.
Objective: To test the ARA algorithm in commonly-encountered
mapping scenarios and compare it to expert-clinician (gold
standard, GS) and Legacy algorithm (clinical standard)
annotations.
Methods: Recordings using CARTO from 26 clinical cases,
representing mapping of various rhythms, were segmented
into test-vectors (panel A). These were annotated by an expertclinician GS and compared to the Legacy/ARA algorithms on
detection rate, stability and positive predictive value (PPV).
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Results: ARA algorithm detection rate uniformly outperformed
Legacy, when compared to GS (97±4% vs 81±19, respectively;
p=0.001; panel B). ARA performed with high fidelity with average
stability metric of 98±3% (panel C), most achieving perfect
(100%) stability. Overall, the PPV of ARA annotations was
98±4% - nearly all ARA-annotated activation corresponded to
clinically-observed events; ARA was superior to Legacy across
all analyzed test-vectors (98±4% vs 88±23, p=0.004); all ARA
test-vector groups had PPV >90%.
Conclusion: The ARA algorithm significantly outperformed the
clinical-standard, compared to an expert-clinician GS. These
improvements may translate into greater mapping accuracy/
efficiency and procedural outcomes.

S-PO04-099
CHARACTERISTICS OF CONDUCTION ISTHMUSES
OF SCAR RELATED ATRIAL TACHYCARDIA USING
COHERENCE MAPPING

Po-Tseng Lee, M.D, Yenn-Jiang Lin, MD, PhD, Jennifer Jeanne
B. Vicera, MD, Shih-Lin Chang, MD, PhD, Li-Wei Lo, MD, PhD,
Yu-feng Hu, MD, Fa-Po Chung, MD, Da Chyuan Duan, TzeFan Chao, Jo-Nan Liao, MD, Ting-Yung Chang, MD, Chin-Yu
Lin, MD, Chengi Wu, MD, Chih-Min Liu, MD, Chun Chao Chen,
MD, Chye Gen Chin, Shin-Huei Liu, MD, Wen-Han Cheng, MD,
Sung-Hao Huang, MD, Ching-Yao Chou, Isaiah Carlos. Lugtu,
MD, Ching-Han Liu, MD and Shih-Ann Chen, MD. Heart Rhythm
Center and Division of Cardiology, Department of Medicine,
Taipei Veterans General Hospital, Taipei, Taiwan
Background: The electrophysiological characteristics of
conduction isthmuses of scar-related atrial tachycardia (AT) is
limited by insufficient spatiotemporal resolution
Objective: A novel high-resolution mapping technology was
utilized to characterize the electrophysiological properties of
scar-related reentrant AT circuits.
Methods: Twenty-three patients with scar AT were enrolled.
Activation mapping of ATs was performed using the Coherence
Map module (Carto 3, Biosense Webster, Inc.) and PentaRay
mapping catheter (Biosense Webster, Inc.). Conduction pattern,
velocity, and voltage of the AT circuits were analyzed.
Results: A total of 27 sustained ATs allowed mapping of the
circuit were induced. There were 4 focal ATs and 23 reentrant
ATs (14 single loop, 8 double loop, and 1 multi-circuit). Isthmuses
were 24.8±10.7mm long and 19.8±8.8mm wide. The voltage
of the isthmus was lower than outer loop (0.71mV±0.39mV Vs.
0.94mV ±0.46mV, p<0.01). Conduction velocity of the isthmuses
was slower than outer loop (0.30±0.14m/s Vs. 1.12mV±0.41m/s,
p<0.01). The isthmus of single loop AT was characterized
by longer and wider isthmus with higher bipolar voltage in
comparison to the double loop and multi-circuit AT. Furthermore,
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conduction velocities within isthmus were dependent on the
width of the isthmus rather than length or voltage. (Pearson
correlation sore 0.867, p<0.001)
Conclusion: The width of the isthmus determines the
conduction property through the isthmus that contributes to
the development of the different types of scar AT. Multi-circuits
atrial reentrant tachycardia may be preventable by targeting the
isthmuses between the barriers by ablative procedure.

AV block occurred in one patient after ablation. All patient
presents QS in lead V1. All patients remained free of recurrent
VAs after a mean follow-up of 16 (5-32) months. There were no
long-term complications.
Conclusion: Ablation in RA can successfully eliminate VAs
arising from the IVS-TA.

S-PO04-101
CLINICAL AND ECHOCARDIOGRAPHIC RISK FACTORS
PREDICT LATE RECURRENCE AFTER RADIOFREQUENCY
CATHETER ABLATION OF ATRIAL FIBRILLATION

S-PO04-100
ABLATION IN RIGHT ATRIAL FOR IDIOPATHIC
VENTRICULAR ARRHYTHMIAS ORIGINATING FROM
VENTRICULAR SEPTUM ADJACENT TO TRICUSPID
ANNULUS

Qiang Liu, MD, Hangyuan Qiu, Guosheng Fu, MD, Xunzhang
Wang, MD and Chenyang Jiang, MD. Sir Run Run Shaw
Hosptial, Hangzhou, China, Cedars Sinai Medical Center, Los
Angeles, CA
Background: Idiopathic premature ventricular contractions
(PVCs) and ventricular tachycardias (VTs) originating from
the right side of intraventricular septum and near the tricuspid
annulus have been reported. But the efficacy of ablation was
unsatisfactory. In our study, we found PVCs/VTs could be
eliminated after ablation was delivered in right atrium (RA) in
some patients.
Objective: To analyze outcome of catheter ablation for PVCs/
IVTs arising from the right side of IVS adjacent to tricuspid
annulus (IVS-TA).
Methods: We retrospectively studied 17 patients with VAs
arising from IVS-TA who underwent ablation from 2016 to
2018 successfully in our center. During procedure, standard
fluoroscopy and 3-dimensional electroanatomic mapping system
were used to localize the anatomic position of the ablation
catheter. Characteristics of surface 12-lead ECG were analyzed.
Results: In all patients, arrhythmia was eliminated after ablation.
Eight patients can be safely and effectively ablated in right
ventricular, while for the rest, the successful target located in RA.
Patients were divided into RA group and RV group. A small atrial
signal and a larger ventricular signal were recorded in each case
of RA group, with an activation time of 28±1 ms pre-QRS (versus
28±3 ms pre-QRS in the RV group; P=0.76). In RA group, we
can observe atrioventricular junctional beats during the ablation.

Yun Gi Kim, Jong-Il Choi, MD, PhD, KiYung Boo, Do Young Kim,
Suk-kyu Oh, MD, Kwang-No Lee, MD, Jaemin Shim, MD, PhD
and Young-Hoon Kim, MD. Korea University Medical Center,
Seoul, Republic of Korea, Korea University Anam Hospital,
Seoul, Republic of Korea, Korea University Medical Center
Anam Hospital, Seoul, Republic of Korea
Background: The benefits of radiofrequency catheter ablation
(RFCA) for patients with atrial fibrillation (AF) significantly
decrease with late recurrence (LR).
Objective: We aimed to develop a scoring system to identify
patients at high and low risk for LR following RFCA, based
on a comprehensive evaluation of multiple risk factors for AF
recurrence, including echocardiographic parameters.
Methods: We studied 2,352 patients with AF undergoing firsttime RFCA in a single institution. The LR-free survival rate up to
5 years was evaluated.
Results: Duration of AF≥4 years (hazard ratio [HR]=1.75;
p<0.001), age≥60 years (HR=1.31; p=0.001), non-paroxysmal
AF (HR=3.18; p<0.001), and higher CHA2DS2-VASc score
(HR=1.31 for each increase in a score group; p<0.001) were
associated with increased risk of LR. Left atrial (LA) diameter≥45
mm (HR=2.42; p<0.001), left ventricular ejection fraction<50%
(HR=1.38; p=0.002), E/E’≥10 (HR=1.44; p<0.001), spontaneous
echocontrast (SEC) (HR=2.24; p<0.001), dense SEC (HR=3.30;
p<0.001), and decreased LA appendage flow velocity (≤40 cm/
sec) (HR=2.35; p<0.001) were echocardiographic parameters
associated with increased risk of LR following RFCA. The LR
score based on the aforementioned risk factors could be used to
predict LR (area under curve=0.713) and to stratify the risk of LR
(HR=1.34 for each increase in a score; p<0.001; Figure).
Conclusion: LR following the last RFCA is affected by
multiple clinical and echocardiographic parameters. This study
suggests that combining these multiple risk factors enables
the identification of patients with AF at high or low risk for
experiencing LR.
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years, 1 patient noted recurrent palpitations, but there was no
documented SVT.
Conclusion: Manifest NFV may be critical for WCT/manifest
NFV SVT, act as the retrograde limb for NCT/concealed NFV
SVT, or cause bystander pre-excitation. Ablation should initially
target the SP region, with mapping of the RV insertion site if SP
ablation is not successful.

S-PO04-102
VARIABLE PRESENTATIONS AND ABLATION SITES FOR
MANIFEST NODOVENTRICULAR PATHWAYS

Babak Nazer, MD, Thomas A. Dewland, MD, Tomos E. Walters,
MBBS, PhD, Aditi Naniwadekar, MD, Jacob S. Koruth, MBBS,
MD, Mohammed Najeeb Osman, MD, FHRS, Minglong Chen,
MD, PhD, FHRS, Jurgen Biermann, Johannes Steinfurt, MD,
Jonathan M. Kalman, MBBS, PhD, FHRS, Ronn E. Tanel,
MD, FHRS, CEPS-P, Byron K. Lee, MD, Nitish Badhwar,
MBBS, FHRS and Melvin M. Scheinman, MD, FHRS. Oregon
Health and Sciences University, Portland, OR, Oregon Health
& Science University, Portland, OR, UCSF Department of
Cardiology, San Francisco, CA, Mount Sinai Medical Center,
New York, NY, University Hospitals Case Medical Center,
Cardiology, Shaker Heights, OH, Jiangsu Province Hospital,
Cardiology, Nanjing, Jiangsu, China, Universitatsklinik Freiburg,
Eschborn, Germany, Department of Cardiology and Angiology
I, Heart Center Freiburg University, Freiburg, Germany, Royal
Melbourne Hospital, Melbourne, VIC, Australia, UCSF Benioff
Children’s Hospital; Pediatric Cardiology, San Francisco, CA,
UCSF Cardiac Electrophysiology, San Francisco, CA, Stanford
University, Palo Alto, CA, Univ of California-San Francisco,
Cardiac EP, San Francisco, CA
Background: Nodofascicular/ventricular pathways (NFV)
connect the AV node and the Purkinje system or RV
myocardium. Concealed NFV may comprise the retrograde limb
of SVT. Manifest NFV rarely comprise the anterograde limb of
wide complex tachycardia (WCT).
Objective: To highlight the clinical characteristics and ablation
sites for manifest NFV.
Methods: 8 patients underwent EPS for WCT (3), narrowcomplex tachycardia (NCT; 1), and pre-excitation (4).
Results: NFV was an integral part of the SVT circuit in 3
patients. Cases 1-2 were WCT due to manifest NFV SVT. Case
3 was NCT with a bidirectional NFV conducting retrograde
during concealed NFV SVT, and anterograde, causing preexcitation during atrial pacing. NFV was a bystander (during
AVNRT, AF, AFL and orthodromic AVRT) in 4 cases, and caused
only pre-excitation in 1. Successful NFV ablation was achieved
in the slow pathway (SP) region in 2 cases. In 2 others, it
required mapping/ablation of the distal insertion site in the middistal inferoseptal RV (case 2) or basal inferoseptal RV (case
3). In 2 cases, the ventricular insertion was mapped to the midseptal RV (case 4) and basal mid-septal RV (case 5) but not
ablated due to its bystander role. The NFV was not mapped in
cases 6-7 due to its bystander role. QRS morphology predicted
the RV septal insertion sites. During follow-up of 2 months to 10

S-PO04-103
RADIOFREQUENCY CATHETER ABLATION OF
ACCESSORY PATHWAYS AT THE SITE OF PRIOR VALVE
SURGERY

Jae-Sun Uhm, Jun Kim, Moo-Nyun Jin, In-Soo Kim, Han Joon
Bae, Hee Tae Yu, Tae-Hoon Kim, MD, Boyoung Joung, HuiNam Pak and Moon-Hyoung Lee. Severance Hospital, Seoul,
Republic of Korea, Asan Medical Center, Seoul, Republic of
Korea
Background: Radiofrequency catheter ablation (RFCA) for
accessory pathways (APs) at the site of prior valve surgery
remains challenging.
Objective: We aimed to clarify the factors associated with
successful RFCA for APs at the site of prior valve surgery.
Methods: We included 9 patients who underwent RFCA of
APs at the site of prior valve surgery (total VS group; age, 34.0
[24.5-45.0] years; men, 4) from the RFCA registry and previous
case reports and 196 patients who underwent RFCA of APs and
no history of valve surgery (no-VS group; age, 40.5 [23.0-54.0]
years; men, 114). Electrophysiological features, procedural
details, and outcomes were examined.
Results: AP exhibited decremental conduction property in
4 of 9 patients in the total VS group. The number of RFCA
attempts were significantly more in the total VS group than in
the no-VS group (10.0 [4.5-14.5] vs 2.0 [1.0-3.0]; P < 0.001).
In 4 patients who underwent mitral valve surgery, successful
RFCA was achieved using the transaortic approach, coronary
sinus approach, or bipolar ablation technique (Figure A, B). In
3 patients who underwent tricuspid valve surgery, successful
RFCA was achieved using the above-prosthetics or transprosthetics approach (Figure C, D). In 2 patients who underwent
mitral valve surgery, RFCA failed. The transaortic and transprosthetics approaches, and bipolar ablation technique were
effective. However, the transseptal approach was not effective.
Conclusion: Detailed mapping of both the areas above
and below the prosthetic valve and effective radiofrequency
energy delivery using various catheter approaches and RFCA
techniques are important to achieve successful RFCA of APs at
the site of prior valve surgery.
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confidence interval 0.83 to 0.86). At the threshold value of 1.0%,
AF burden had 84.5% accuracy, 86.6% sensitivity and 83.7%
specificity to predict stroke, hospitalization or death. The PPV of
66.6% indicated the probability of composite endpoint occurring
among those with AF burden above 1%. The NPV of 94.3%
corresponds to the probability of the event not occurring among
those with AF burden below 1%.
Conclusion: Post-proceduralAF burden detected by ICM can
provide strong independent discrimination to predict death,
hospitalization and/or stroke among patients undergoing
interventions for AF prevention.

S-PO04-105
COMPARISON OF THROMBOEMBOLIC EVENT
ACCORDING TO TYPE OF HEART FAILURE IN PATIENTS
WITH ATRIAL FIBRILLATION : AN ANALYSIS OF
COMPARISON OF DRUG EFFICACY IN AF (CODE-AF)
REGISTRY

S-PO04-104
DOES ATRIAL FIBRILLATION BURDEN PREDICT
CLINICAL OUTCOME AFTER ATRIAL FIBRILLATION
INTERVENTIONAL THERAPY: POOLED ANALYSIS OF TWO
RANDOMIZED STUDIES USING CONTINUOUS RHYTHM
MONITORING

Alexander B. Romanov, MD, PhD, FHRS, Evgeny Pokushalov,
Dmitry Ponomarev, Vitaly Shabanov, Denis Losik, Dmitry Elesin,
Ilya Syenin, Igor Mikheenko, Roman Zhizhov, Ivan Peregudov
and Jonathan S. Steinberg, MD, FHRS. E. Meshalkin National
Medical Research Center, Novosibirsk, Russian Federation,
Heart Research Follow-up Program, University of Rochester
School of Medicine & Dentistry, Rochester, NY
Background: There is preliminary evidence that measurement
of atrial fibrillation (AF) burden rather than other AF or clinical
variables can be a more accurate predictor of clinical outcome in
patients who undergo AF treatment
Objective: To test the value of AF burden detected by
continuous rhythm monitoring for the prediction of a clinically
relevant composite outcome (death, stroke, hospitalization)
in patients who participated in 2 randomized clinical trials of
interventions to prevent AF
Methods: The pooled analysis included data from 2 randomized
studies (n=110): PREVENT AF I using pulmonary vein isolation
to prevent AF in patients with atrial flutter; and Botulinum
toxin injections during open-chest cardiac surgery to prevent
postoperative AF in patient undergoing CABG. All patients
underwent implantation of cardiac monitors for continuous
rhythm capture and were followed for 36 months. Receiver
operating characteristic (ROC) analysis was employed to assess
predictive properties. The threshold value was found as the best
sum of sensitivity + specificity. Additionally, positive (PPV) and
negative (NPV) predictive values were calculated.
Results: Over the 36 months of follow-up, 4 (3.6%) strokes,
24 (21.8%) hospitalizations for reasons other than stroke and
2 (1.8%) deaths occurred in the 2 studies, thus comprising
30 (27.2%) primary endpoints. The independent predictors of
composite endpoint were type of AF prior to procedure and AF
burden post procedure, such that 1% increase in AF burden
was associated with a 10% increase in the risk of composite
endpoint. With the area under the ROC curve of 0.87 (95%

Suk-kyu Oh, MD, Ha-Young Choi, Mindong Sung, Myung-jin
Cha, Tae-Hoon Kim, MD, Junbeom Park, Jin-Kyu Park, MD,
PhD, Jung-Myung Lee, Ki-Woon Kang, MD, PhD, Jae-Sun
Uhm, Eue-Keun Choi, MD, PhD, Jun Kim, MD, Changsoo
Kim, Jin-bae Kim, MD, Hyung-Wook Park, MD, PhD, Young
Soo Lee, MD, PhD, Jaemin Shim, MD, PhD and Boyoung
Joung, MD, PhD. Korea University Medical Center, Seoul,
Republic of Korea, Yonsei University College of Medicine,
Seoul, Republic of Korea, Department of Internal Medicine,
Seoul National University Hospital, Seoul, Republic of Korea,
Ewha Woman University, Seoul, Republic of Korea, Hanyang
University Medical Center, Seoul, Republic of Korea, Kyung
Hee University Medical College, Seoul, Republic of Korea,
Division of Cardiology, Daejeon, Republic of Korea, Severance
Hospital, Seoul, Republic of Korea, Seoul National University
Hospital Department of Internal Medicine, Seoul, Republic of
Korea, University of Ulsan College of Medicine, Seoul, Republic
of Korea, Kyung Hee Univ Hosp., Seoul, Republic of Korea,
Chonnam National Univ Hospital, Gwangju, Republic of Korea,
Catholic University of Daegu, Daegu, Republic of Korea, Yonsei
Medical College, Seoul, Republic of Korea
Background: Heart failure (HF) is one of the risk factors for
thromboembolism in patients with atrial fibrillation (AF). HF with
preserved ejection fraction (HFpEF) was often overlooked in
calculating CHA2DS2-VASc score.
Objective: We aimed to investigate whether the risk of
thromboembolic risk varies according to the type of HF.
Methods: We analyzed 9186 patients from Code-AF, which is
a multicenter registry in Korea. HF was divided into two groups
based on EF: HFpEF (EF ≥ 50%) and HF with reduced EF
(EF < 50%, HFrEF). Primary outcome is total thromboembolic
event (stroke, systemic embolism, transient ischemic attack)
and composite outcome is all cause death and thromboembolic
event.
Results: Among 9186 patients, 906 (10.9%) patients had
HF and HFpEF was diagnosed in 47.6% (n=431) and HFrEF
was in 52.4% (n=475). CHA2DS2-VASc score was higher in
HFpEF than HFrEF (4.031.7 vs 3.761.7, p=0.014). Proportion
of anticoagulation was not different between two group (83.3%
vs 84.4% p=0.645). During the median 10 months of followup period, a total of 203 patients (30.3%) had clinical events.
Most common event was admission due to any cause and
HFrEF group had higher admission rate than HFpEF group
(105 [31.2%] vs 82 [24.5%], p=0.030). Thromboembolic event
was numerically more frequent in HFpEF group, however, not
statistically significant (2 [0.6%] vs 7 [2.1%], p=0.105).Composite
outcome rate was higher in HFpEF group than HFrEF (Log rank
χ2 = 4.789, p=0.029, Figure).
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Conclusion: In Korean AF population, HFpEF patients had
more frequent composite outcome of any cause of death or
thromboembolic risk, emphasizing that even EF is preserved, HF
itself is an important predictor of clinical events in AF patient.

S-PO04-106
FOLLOW-UP AFTER WATCHMAN IMPLANTATION: IS A
4-MONTH TRANSESOPHAGEAL ECHOCARDIOGRAPHY
SAFE AND EFFECTIVE IN IDENTIFYING DEVICE-RELATED
THROMBUS?

Kenji Kuroki, MD, Shephal K. Doshi, MD, Crystal B. Ducharme,
Yoshinari Enomoto, William Whang, MD, FHRS, Jacob S.
Koruth, MBBS, MD, Marc A. Miller, MD, Subbarao Choudry,
MD, Aamir A. Sofi, MD, J. Anthony Gomes, MD, Marie-Noelle
S. Langan, MD, Srinivas R. Dukkipati, MD, FHRS and Vivek Y.
Reddy, MD. Mount Sinai Hospital, New York, NY, Pacific Heart
Institute, Santa Monica, CA, Pacific Heart Institute, New York, CA
Background: Because device-related thrombus (DRT)
portends a poor prognosis after left atrial appendage closure
with Watchman, surveillance TEEs are recommended at 45
d and 1 yr. However, oral anticoagulants are just stopped at
45 d, rendering it unlikely that DRT would be detected then.
Indeed, DRT should be most likely to be present while on aspirin
monotherapy.
Objective: To evaluate an alternative strategy of first TEE
at 4 mo, combined with a truncated drug regimen: 6 wk of
NOAC/warfarin, then 6 wk dual antiplatelets, thereafter aspirin
monotherapy.
Methods: After FDA approval, consecutive post-Watchman
patients (pts) at 2 centers received the truncated drug regimen
and planned TEEs at 4 mo & 1 yr. Reasons for not performing
4-mo TEEs include: TEE done before 3 mo, follow-up (f/u) at
another hospital, TEE refusal , deteriorating pt condition.
Results: Of the full 544-pt cohort (age 76±8; 65% male;
CHADS-VASc 4.4±1.5; HAS-BLED 3.2±1.1), 86% (470/544)
received 4 mo imaging: 81% (442/544) TEE, and 5% (28/544)
CTs. Over a median of 12 mo f/u, 17 and 6 pts experienced an
ischemic stroke (IS) or TIA. Importantly, no IS occurred between
45 d and 4 mo; the sole TIA in this period (at ~2 mo) occurred
after TAVR performed the week prior. Most IS (82%; 14/17)
developed after 4 mo; the remaining (18%; 3/17) were within the
first 45 d. DRTs (n=18) were mostly detected (78%; 14/18) by the
4 mo TEE; IS was observed in 11% (2/18) of DRT pts.
Conclusion: Performing the first post-Watchman TEE (or CT) at
4 mo is a safe follow-up strategy: there were no ischemic strokes
between 45 d and 4 mo - the “vulnerable” period unique to this
strategy. Most first-year DRTs were detected during this 4 mo
imaging study.

S-PO04-107
COMPARISON OF INFLAMMATORY CYTOKINE LEVELS IN
SERUM AFTER RADIOFREQUENCY AND CRYOBALLOON
CATHETER ABLATION OF ATRIAL FIBRILLATION
Ya-Wen Hsiao, DVM, PhD, Shih-Lin Chang, MD, PhD, YungNan Tsai, Yenn-Jiang Lin, MD, PhD, Li-Wei Lo, MD, PhD, Yufeng Hu, MD and Shih-Ann Chen, MD. Heart Rhythm Center
and Division of Cardiology, Taipei Veterans General Hospital,
Taipei, Taiwan, Taipei Veterans General Hospital, Taipei,
Taiwan, Taipei Veteran General Hospital, Taipei, Taiwan

Background: To date, radiofrequency catheter ablation (RFCA)
and cryoballoon-base ablation (CBA) have been used in the
largest number of atrial fibrillation (AF) patients. Evidence
from animal and human studies suggests that CBA might be
associated with a less inflammatory response. However, it
remains unknown that the extents of inflammatory cytokines are
different between RFCA and CBA.
Objective: he study is aimed at comparing the variation of RFCA
and CBA in expression of inflammatory cytokines.
Methods: We collected serum from paroxysmal AF patients after
RFCA or CBA. The cytokines including TNF-α, IFN-γ, IL-1α,
IL-2, IL-4, IL-10, IL-6, IL-12, IL-13 and IL-17a were screened by
enzyme-linked immunosorbent assay.
Results: Our data indicated the level of IFN-γ, IL-2, IL-6, IL-10,
IL-12, IL-13 and IL-17a are increased both in RFCA and CBA
patients. RFCA patients had a higher serum level of IFN-γ, IL1α, IL-6 and IL-12 compared to that in CBA patients. We also
found the levels of IL-1α and IL-6, the important mediators of
fever, were upregulated in RFCA, but not in CBA.
Conclusion: Post-procedure inflammatory reaction was stronger
in RFCA group than in CBA group.
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the older group. Considering a blanking period of three months,
during the observation period 602/2534 (24%) patients had at
least one AF episodes lasting at least 30 sec. The 18 month
freedom of AF recurrence probability was 72% in the younger
patients as compared with 68% in the first middle aged group,
with 66% in the second middle aged group and with 57% in the
older patients (p=0.291) as shown in fig 1.
Conclusion: In our experience only 5% of patients treated with
PVC were ≥ 75 years. PVC was safe and effective regardless of
the age of patients.

S-PO04-108

S-PO04-109

THE IMPACT OF AGE ON SAFETY AND LONG TERM
EFFICACY OF PVI CRYOABLATION FOR RECURRENT AF

LEFT ATRIAL STRAIN AS A MARKER OF FREEDOM FROM
ATRIAL FIBRILLATION AFTER CRYOBALLOON ABLATION
FOR ATRIAL FIBRILLATION

Background: Pulmonary Vein Cryoablation (PVC) is an
approved therapy for treating symptomatic atrial fibrillation (AF).
However efficacy and safety of PVC in the older patients are still
lacking
Objective: We evaluated whether procedure time, acute
complication and AF recurrence differed according to the
patient’s age.
Methods: From April 2012, 2534 patients (73% male, 59 ±
11 years, 75% paroxysmal AF, mean left atrial diameter 41±6
mm) underwent PVC. Data were collected prospectively in
the framework of the One Shot TO Pulmonary vein isolation
(1STOP) ClinicalService® project, involving 47 Italian
Cardiologic Centers. All patients were divided into four age
groups (<50, 50 to 64, 65 to 74, ≥ 75 years).
Results: 407 patients were < 50 years, 1192 between 50 and
64 years, 813 between 65 and 74, while 122 patients were ≥
75 years. The prevalence of co-morbidities and chads2 score
risk increased with age. The 4 groups showed comparable
procedure and fluoroscopy times respectively 106±46 min and
28±24 min. The rate of acute procedural complications were
similar among the 4 groups: 3.2% in the younger group, 4.2%
in the 50-64 years group, 4.6% in the 65-74 group, and 3.3% in

Background: Left atrial (LA) strain, as evaluated by speckle
tracking echocardiography, is a reliable indicator of LA
mechanics. No prior study has investigated LA strain after
cryoballoon ablation (CBA) for atrial fibrillation (AF).
Objective: To evaluate differences in LA strain among patients
with and without recurrent AF following CBA.
Methods: A retrospective cohort study was performed in
patients who underwent CBA. Return of AF was defined as
recurrent atrial tachycardia or AF > 30 seconds, > 90 days postprocedure. Post-CBA peak longitudinal LA strain was measured
using apical 2- and 4-chamber views from trans-thoracic
echocardiograms (TTE) performed 11.4 ± 8.8 months post-CBA.
All patients included in analysis were in sinus rhythm at the time
of TTE.
Results: Of 65 patients (63 ± 11 years old, 62% male) who
had post-CBA TTEs available for evaluation, 37 patients
(57%) had paroxysmal AF. The average duration of AF prior to
ablation was 43 ± 54 months. Return of AF was observed in 24
patients (36.9%) after 20.1 ± 9.2 months of follow up. The mean
time to AF recurrence was 10.9 ± 9.4 months. There were no
differences in LA diameter (mm) (42.2 ± 8.4; 41.1 ± 5.3; p=0.50)
or left ventricular ejection fraction (%) (48.2 ± 15.9; 54.1 ± 10.8;
p=0.08) between patients with and without recurrent AF following
CBA. LA strain after CBA was significantly lower in patients who
had return of AF than in patients who did not have return of AF
(20.07% ± 11.07%; 27.21% ± 9.28%, p<0.001).
Conclusion: Freedom from AF after CBA was associated with
higher (i.e. more normal) post-ablation LA strain than in those
who had recurrent AF. Whether maintenance of sinus rhythm is
responsible for these findings requires further study.
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MD, PhD. Heart Rhythm Center, Monzino Cardiac Center,
University of Milan, Milano, Italy, Policlinico Casilino Cardiology,
Rome, Italy, Arrhythmology Department GVM Care&Research,
Cotignola, Italy, ULSS 6EUGANEA, Camposampiero, Italy,
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FHRS. Northwestern University, Feinberg School of Medicine,
Chicago, IL
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Conclusion: Conventional criteria evaluating AF ablation may
underestimate efficacy by highlighting short duration events of
unclear clinical significance. Continuous rhythm monitoring and
incorporation of AF burden into outcomes metrics may allow
more clinically relevant evaluation of novel ablation approaches.

S-PO04-111
STROKE PREVENTION IN NON-VALVULAR ATRIAL
FIBRILLATION: JUST SCRATCHING THE SURFACE?

S-PO04-110
OUTCOMES OF HYBRID ENDOCARDIAL-EPICARDIAL
ATRIAL FIBRILLATION ABLATION WITH CONTINUOUS
RHYTHM MONITORING: IMPLICATIONS FOR ASSESSING
OUTCOMES OF NOVEL ABLATION TECHNOLOGIES

John Larson, Omar Lattouf, Michael Halkos, Akshar Patel,
Nnaemeka Ndubisi, Faisal M. Merchant, MD, FHRS, Mikhael F.
El-Chami, MD, FHRS, Anshul M. Patel, MD, Michael Hoskins,
MD, Angel R. Leon, David Delurgio and Stacy B. Westerman.
Emory University School of Medicine, Atlanta, GA, Emory
University, School of Medicine, Atlanta, GA, Emory University
School of Medicine, GA, Emory University, Atlanta, GA
Background: The 2017 HRS/EHRA/ECAS/APHRS/SOLAECE
consensus statement defines recurrences after atrial fibrillation
(AF) ablation as any episode > 30 secs. However, as suggested
by clinical trials, AF burden may be a more clinically relevant
endpoint.
Objective: To compare conventional criteria to AF burden for
evaluating hybrid ablation efficacy.
Methods: We reviewed 113 consecutive patients undergoing
hybrid endocardial-epicardial ablation (i.e. Convergent
procedure) at our institution. Ninety-two patients (82%) had
continuous rhythm monitoring with implantable loop recorders
(n=78) or CIEDs with atrial leads (n=14). Ablation efficacy was
determined in two ways: 1) Kaplan Meier event free survival
using any 30 sec AF episode as a recurrence, and 2) AF burden
based on continuous rhythm monitoring. A 90 day blanking
period post ablation was applied using both methods.
Results: Mean age was 63 ± 8.7 years, 75% were male, 88%
had persistent or long-standing persistent AF and 44% had
undergone ≥ 1 prior AF ablation. Follow-up was 406 ± 254 days.
Using the conventional definition, AF-free survival is presented in
the Figure. Using this method, after the blanking period, AF-free
survival was 78% at 6 months and 54% at one year. However,
using AF burden, at 6 months 60% of patients with recurrence
had an AF burden <5%. At 12 months, 75% of those with
recurrence had a burden <5%.

Louise Kezerle, Moti Haim, MD, Adi Berliner Senderey, Moshe
Hoshen, Maya Leventer-Roberts, Orna Reges, Morton Leibowitz
and Meytal Avgil Tsadok. Soroka University Medical Center,
Beer Sheva, Israel, Soroka Medical Center, Cardiology, KfarSaba, Israel, Clalit Research Institute, Tel Aviv, Israel
Background: The most dreaded complication of AF is embolic
stroke. Oral anticoagulation therapy (OAC) reduces the risk of
embolic stroke and associated with reduced risk of mortality in
patients with non-valvular AF (NVAF) but is underused in clinical
practice.
Objective: The purpose of this study is to evaluate the use
of OACs across the spectrum of stroke and bleeding risks,
specifically in patients at elevated stroke and bleeding risk.
Methods: We conducted a prospective, historical cohort study
using the Clalit Health Services electronic medical records
database. The study population included all Clalit members aged
≥ 25 years, with a new diagnosis of NVAF between 2008 and
2015.
Results: A total of 58,385 cases were identified. The median
age was 75 years with 52.9% older than 75, 52.3% were women,
17.7% had a previous stroke and the median CHA2DS2-VASc
score was 4. HAS-BLED score ≥3 was present in 58.9% of
patients. OAC were purchased by 19,705 patients (33.8%) within
the first three months of NVAF first diagnosis. The percentage
of patients that purchased an OAC was 11.4% for those with
no risk factors (CHA2DS2-VASc=0), 25% in the group with
CHA2DS2-VASc of 1 and 37.1% for those with a CHA2DS2VASc ≥2. There was a steady rise in OAC purchasing from
29% in patients between 2008-2010 to 41.4% in the last period
(2014-2015). Interestingly, in patients with both a CHA2DS2VASc score ≥2 and a HAS-BLED score ≥ 3 , OAC purchasing
increased significantly from year to year from 35.7% in 2008 to
51.1% in 2015.
Conclusion: In this real world, population-based cohort of
patients with newly diagnosed AF, we found a lower than
expected rate of OAC prescription. Nonetheless, we detected an
encouraging increase in OAC purchasing over time especially
among those at high risk for both stroke and bleeding.
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S-PO04-112

S-PO04-113

PROCEDURAL SUCCESS, SAFETY AND PATIENTS
SATISFACTION AFTER SECOND ABLATION OF ATRIAL
FIBRILLATION IN THE ELDERLY: RESULTS FROM THE
GERMAN ABLATION REGISTRY

PROSPECTIVE MULTICENTER ARRHYTHMIA FREE
SURVIVAL USING HYBRID CONVERGENT ABLATION IN
NON PAROXYSMAL ATRIAL FIBRILLATION PATIENTS

Thomas Fink, Andreas Metzner, Stephan Willems, MD, Lars
Eckardt, MD, Hueseyin Ince, Johannes Brachmann, PhD,
FHRS, Stefan G. Spitzer, MD, FHRS, CCDS, Thomas Deneke,
MD, PhD, FHRS, Claus G. Schmitt, MD, PhD, Jochen Senges,
MD and Andreas Rillig, MD. University Hospital Luebeck,
Hamburg, Germany, St. George Hospital, Hamburg, Germany,
University Heart Centre Hamburg, Hamburg, Germany,
University Hospital, Muenster, Germany, University Hospital
Rostock, Rostock, Germany, II Medical Klinik Klinikum
Coburg, Coburg, Germany, Praxisklinik Herz Und Gefaesse,
Dresden, Germany, Herz-und Gefiss Klinik GmbH, Cardiology
Clinic for Interventional EP, Bad Neustadt, Bavaria, Germany,
Schwerpunkt Kardiologie/Angiologie, Karlsruhe, Germany,
Herzzentrum Ludwigshafen, Ludwigshafen, Germany, Charité
University Hospital of Berlin, Berlin, Germany
Background: Aged patients are underrepresented in clinical
trials on catheter ablation of atrial fibrillation (AF). In addition,
results of outcomes after repeat ablation in the elderly are
lacking.
Objective: To analyze safety and clinical outcome of first repeat
AF ablations in elderly patients.
Methods: Patients undergoing second AF ablation included
in the prospective, multicenter German Ablation Registry were
divided in two groups (age >70 years [group 1] and age ≤70
years [group 2]) and analyzed for procedural characteristics and
clinical follow-up.
Results: 738 patients were analyzed (108 patients in group 1,
630 patients in group 2). Significantly more aged patients had
structural heart disease (56 patients (51.9%) vs. 203 patients
(32.2%), p<0.001).The majority of the patients underwent
repeat pulmonary vein isolation (101 patients [93.5%] vs. 593
patients [94.1%], p=0.98). More aged patients underwent
ablation of left atrial linear lesions (78.1% vs. 57.3% of all linear
lesions, p=0.027). There was no difference in the occurrence
of peri-procedural complications (7 patients [6.5%] vs. 24
patients [3.8%], p=0.30). Recurrence of atrial arrhythmias was
documented in 45/105 (42.9%) and 252/603 (41.8%) patients
with available follow-up in group 1 and 2 after a median of 447
(400; 532) and 473 (411; 544) days (p=0.84). A comparable
amount of patients were asymptomatic or reported symptom
improvement after repeat ablation in both groups (80% [80/100]
in group 1 and 77% [446/576] in group 2; p=0.57).
Conclusion: Repeat ablation for AF in elderly patients can
be performed with safety and efficacy comparable to younger
patients.

Kevin J. Makati, MD FHRS, Felix Yang, MD, FHRS, CCDS,
Andrew C. Corsello, MD, Yisachar J. Greenberg, MD, FHRS,
James M. Irwin, MD, Isreal Jacobowitz, Jini Samuel, David
Robaczewski, Jill Knutson, Kyle Cunningham, Krystene Marie.
Menzies and Andrew Sherman. Tampa Cardiac Specialists,
Lutz, FL, Maimonides Medical Center, New York, NY, Maine
Health Cardiology, Cape Elizabeth, ME, Maimonides Medical
Center, Cardiology and Electrophysiology, Cedarhurst, NY,
BayCare Medical Group, PL, Tampa, FL, Maimonides Medical
Center, Brooklyn, NY, Maimonides Medical Center, Lutz,
FL, Maine Medical Center, Portland, ME, Tampa Cardiac
Specialists, Palm Harbor, FL, Baycare Health Systems, Tampa, FL
Background: Left atrial posterior wall isolation (LAPWI) has
been shown to improve procedural success in non-paroxysmal
AF. We report the first multicenter, prospectively followed
outcomes study showing ECG/device derived AF/AT free
survival in patients ablated using a novel hybrid pericardioscopic
approach.
Objective: To evaluate outcomes across three large volume AF
centers performing hybrid, epicardial LAPWI (Convergent), and
endocardial catheter based PVI.
Methods: Data was collected using a standardized case report
form detailing demographics, and intraoperative variables
involving epicardial/endocardial ablation energy. Data was
extracted from an IRB approved database (TRAC-AF Registry).
A total of 320 patients from three centers were included and
followed from 2011-2018. Patient demographics included mean
age 67, 69% male, 55.6% persistent, 38.8% longstanding
persistent and 21.9% on antiarrhythmics at last follow up.
Cryoballoon was used for PVI in 39% (125/320). Patients with at
least one rhythm assessment at one year were included in the
analysis and 30.9% had continuous devices.
Results: Three hundred and twenty patients were treated with
a hybrid ablation. Mean follow up was 639 days representing a
total of 1097 rhythm assessments. Success was stratified by any
AF/AT greater than 30 seconds, and AF burden of <1 and 5%.
Single procedure success was 70% (221/320).
Conclusion: Hybrid LAPWI using a novel pericardioscopic
approach coupled with endocardial PVI is an effective, durable
ablation strategy and reproducible across multiple centers.
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S-PO04-114
TOLL-LIKE RECEPTOR 4 UPREGULATION ON
CIRCULATING CD14++CD16+MONOCYTES CORRELATES
WITH THE LEFT ATRIAL LOW-VOLTAGE ZONES IN
PATIENTS WITH PAROXYSMAL ATRIAL FIBRILLATION
Suehiro Hideya, MD. Kobe University Graduate School of
Medicine, Kobe-Shi, Japan

Background: Inflammation has been suggested to play a key
role in the pathogenesis of atrial fibrillation (AF). The conduction
delay and heterogeneity, and the voltage abnormality of atrial
tissues are present as the result and the reason for AF. Several
studies have focused on the effects of toll-like receptors (TLRs)
on the heart in terms of capability to modulate inflammation.
The other study has demonstrated that AF patients had a higher
proportion of intermediate monocytes than the controls.
Objective: The aim of this study was to assess the correlations
among the monocyte subsets heterogeneity, the TLR4
expression heterogeneity on each monocyte subset and left
atrial (LA) voltage mapping in patients with proximal AF (PAF).
Methods: Prior to ablation, both the monocyte subsets and
the expression of TLR4 were analyzed via flow cytometric
analysis in 45 PAF patients. Based on the expression of CD14
and CD16, the monocytes divided into three subsets: classical
CD14++CD16-, intermediate CD14+CD16+, and non-classical
CD14+CD16++ monocytes. At the beginning of the session,
voltage mapping of LA using with 3-D mapping system was
done. Low voltage zones (LVZs) were defined if the bipolar
electrogram amplitudes were <0.5mV during sinus rhythm. The
correlation between the flow cytometric analysis results and the
presence of LVZs, and the amount of LVZs were analyzed.
Results: Patients with LVZs had higher level of intermediate
monocytes (9.6% versus 6.6%, p=0.007) than patients without
LVZs. However, classical and non-classical monocytes displayed
no such trend. TLR4 was more frequently expressed on the
intermediate monocytes than classical (p<0.001), and nonclassical monocytes (p<0.001). Moreover, the level of TLR4
expression on intermediate monocytes positively correlated
with the total amount of LVZs in patients with LVZs (r=0.544,
p=0.029). This positive correlation was not observed in other 2
monocyte subsets and in the whole monocyte subsets.
Conclusion: TLR4 upregulation on CD14++CD16+monocytes
correlates with the LA LVZs in PAF patients. The
CD14++CD16+monocytes and TLR4-madeiated inflammation
might play the important role in the pathogenesis of PAF.

S-PO04-115
ASSOCIATION BETWEEN IMPROVEMENT IN LEFT
VENTRICULAR FUNCTION, MORTALITY AND
HOSPITALIZATION POST ABLATION OF ATRIAL
FIBRILLATION IN PATIENTS WITH HEART FAILURE -THE
CASTLE-AF TRIAL

Nassir F. Marrouche, MD, FHRS, Mobin Kheirkhahan, MD and
Johannes Brachmann, PhD, FHRS. University of Utah Health
Sciences Center, Division of Cardiology, Salt Lake City, UT,
CARMA Center, University of Utah, Salt Lake City, UT, II Medical
Klinik Klinikum Coburg, Coburg, Germany
Background: THE CASTLE-AF trial demonstrated that catheter
ablation of atrial fibrillation is associated with improved mortality
and hospitalization in patients with heart failure and atrial
fibrillation (AF).
Objective: We would like to report the effect of between left
ventricular ejection fraction improvement on study primary
endpoints.
Methods: In CASTLE-AF 363 patients who fulfilled the inclusion
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criteria of: (1) diagnosis of symptomatic paroxysmal or persistent
AF, (2) failed antiarrhythmic drug (AAD) treatment, bad sideeffects, or unwilling to take AADs, (3) NYHA class II-IV HF, LVEF
≤ 35%, and (4) implanted defibrillator, were randomized to either
catheter ablation (n=179) or pharmacological treatment (rate/
rhythm control) of AF (n=184) in addition to HF therapy.
Results: At baseline, patients in both groups presented with
similar LVEF (ablation 32.6 ± 10 vs medicinal 32.6 ± 8.9).
However, upon follow-up LVEF was greater in patients treated
with catheter ablation rather than medical therapy (change from
baseline to 12-mo: 7.8 ± 11.8 ablation vs 3.4 ± 11.6 p<0.001,
change from baseline to 36-mo: 6.5 ± 2.7 ablation vs 2.8 ± 12.4,
p=0.05. Figure 1). Ablated patients also improved left ventricular
end-systolic diameter (LVESD) and end-diastolic diameter
(LVEDD), although results were not statistically significant.
Conclusion: Catheter ablation of AF in patients with HF was
associated with better improvement in LVEF, LVESD, and
LVEDD; when compared to pharmacological treatment. If this
work is accepted, we will further report the association between
change in left ventricular dimensions and primary endpoints of
mortality and heart failure admissions.

S-PO04-116
ROTATING WAVES CLUSTER IN REGIONS OF LOW
ELECTRICAL SYNCHRONY IN ATRIAL FIBRILLATION

Pawel Kuklik, PhD, Niklas Klatt, Mario Jularic, Christian Eickholt,
MD, Nele Gessler, Stephan Willems, MD and Christian Meyer.
University Medical Center Hamburg-Eppendorf, Warszawa,
Germany, University Medical Center Hamburg-Eppendorf,
Hamburg, Germany, University Heart Centre Hamburg,
Hamburg, Germany, Universitätsklinikum Hamburg-Eppendorf,
Hamburg, Germany
Background: The significance of rotating waves (RWs) in
maintaining AF remains controversial. Such an assumption
requires spatio-temporal stability of RWs.
Objective: To assess rotation interpreted as a phase singularity
and quantify its stability with a local electrical synchrony (ES)
approach using data exported from a non-contact (NC) dipole
density (DD) mapping system.
Methods: NC DD mapping was performed in left atria of 11
patients undergoing catheter ablation of persistent AF. 4 s
recordings were analysed. Phase was calculated offline using
custom software that employs sinusoidal recomposition and
Hilbert transform. RWs were identified as phase singularity
points with a lifespan > one cycle length. ES at each point was
measured using a Mean Phase Coherence approach based on
electrogram phases (0: no coherence; 1: full coherence).
Results: Mean AF cycle length was 202±35 ms (range:
132-281). In total, 248 RWs were identified (22.5±6.7 RWs/
recording). At least one RW was present for 84±16% of
recording time. The mean RW lifespan was 303±137 ms,
with the longest 1150 ms. Areas of high RW density were colocalized with areas of low ES (see Figure 1.a-b). Point-by-

S369

Poster Session IV
point comparison between RW and ES demonstrated negative
correlation with R2=0.24.
Conclusion: RWs appeared in areas of lowest ES. Coupled with
the short life span, it suggests that a stable RW is an unlikely
conduction pattern for maintaining AF. The arrhythmogenic
role of regions with a high density of short-lived RWs requires
further study, including the role of coupling with other clinically
significant conduction patterns.

S-PO04-117
FREQUENCY OF IRREGULAR ACTIVATION PREDICTS
RECURRENCE IN ACQMAP GUIDED ABLATION OF
PERSISTENT ATRIAL FIBRILLATION

Michael TB. Pope, BM BSc, Pawel Kuklik, PhD and Timothy
R. Betts, MD. Oxford University Hospitals NHS Foundation
Trust, Hampshire, United Kingdom, University Medical Center
Hamburg-Eppendorf, Hamburg, Poland
Background: The use of dipole density mapping (Acutus
Medical) facilitates the visualisation of complex conduction
patterns during AF, including localised irregular activation (LIA),
characterized by directional changes in propagation such as
wavefront splitting or pivoting.
Objective: To develop a method of quantifying LIA in the left
atrium and whether it predicts long term outcome from catheter
ablation.
Methods: A retrospective cohort of 34 patients who have
undergone first time (n=25) or re-do AcQMap guided ablation
at a single UK tertiary centre were analysed. LIA was identified
using the AcQTrack analysis tool. Areas of low LIA occurrence
were removed as outliers to the point of a relative 20% drop
in the time LIAs were present throughout whole recording,
to ensure adequate specificity and analysis performed using
custom designed software. Maps were analysed at baseline,
prior to any non-pulmonary vein ablation. LIA was quantified as
the total number of detections, percentage time LIA was present
at any point in the chamber and the percentage surface area
of the chamber covered by LIA pattern occurrence. The mean
value from two 5 second recordings was used for analysis.
Results: Over a mean follow up of 12 months, 13 patients
(38%) experienced arrhythmia recurrence. This group had
a mean number of LIA detections of 154 +/-42 compared
to 122 +/-44 in those free from recurrent arrhythmia (mean
difference 32, p=0.043). The percentage of time LIA was present
during recording was also higher (51% vs. 44%) but was not
statistically significant (p=0.104), and there was no difference
in the surface area of LIA between groups (6.3 vs. 6.7%). Other
variables including baseline rhythm, antiarrhythmic drug use,
hypertension, age, BMI, LA size and left ventricular ejection
fraction were also analysed with no significant differences seen.
In a multivariate model with baseline rhythm, re-do vs. de-novo
procedure and acute ablation to sinus rhythm, only number of
LIA occurrences appeared to significantly predict arrhythmia
recurrence (p=0.022).
Conclusion: LIA appears to represent a new marker of AF
substrate. As detection methods improve so should specificity
and further work will be required to evaluate these regions of
complex conduction patterns.

S-PO04-118
SHOULD WE USE AN ADJUSTED OR FIXED ABLATION
INDEX TARGET? INSIGHTS FROM CARDIAC MAGNETIC
RESONANCE IMAGING RESULTS

Sonia Busch, Mathias Forkmann, Mitlacher Marcel, Thomas H.
Fischer, Aneida Vevecka, Ana Carolina Schwab, MD, Johannes
Brachmann, PhD, FHRS and Christian Mahnkopf, MD. Klinikum
Coburg, Coburg, Germany, Klinikum Coburg, Klinikum Coburg,
Brazil, II Medical Klinik Klinikum Coburg, Coburg, Germany,
Dept. of Cardiology, Klinikum Coburg, Coburg, Germany,
Coburg, Germany
Background: Ablation Index (AI) is a novel lesion quality marker
integrating contact force, time and power. Targeting strict AI
criteria has been shown to increase efficiency of pulmonary vein
isolation (PVI) procedures. However, despite regional variation
in left atrial (LA) wall thickness, a single AI target value has been
suggested.
Objective: We aimed to assess the minimum AI-values
necessary to determine a transmural scar on cardiac magnetic
resonance imaging (MRI) 3 months after PVI.
Methods: Ten consecutive patients (mean age was 58 ± 11
years, 55 % male) with atrial fibrillation (AF) undergoing a
contact force-guided PVI were included. Ablation was performed
using point-by-point RF energy. Carto VisiTag module was used
and preset at 10 seconds for 2mm with more than 30% ≥ 5g. All
patients underwent cardiac-MRI study at 3 months to identify
ablation lesions (scar). The minimum AI values for each segment
were identified according to a 12-segment model.
Results: The minimum AI values needed to determine a lesion
in each PV segment are represented in Figure 1.
Conclusion: A site-specific ablation index target seems to be
necessary to show transmural lesions in cardiac MRI images 3
months post-PVI. Particularly, higher AI values are required for
the inferior posterior right segments compared to the left inferior
posterior segments. Further studies are needed to demonstrate
an impact on the long-term outcome.

S-PO04-119
HIGH DOMINANT FREQUENCY REGIONS IN CHRONIC
ATRIAL FIBRILLATION MAP TO AREAS WITH FIBROSIS IN
THE ATRIAL WALL
Elyar Ghafoori, MS, Eugene Kwan, BS, Kennosuke Yamashita,
MD, PhD, Roya Kamali, BS, Roman Orvelin, Justin G. Lichter,
BS, PhD, Edward hsu, PhD, Robert MacLeod, PhD, Derek
J. Dosdall, PhD, FHRS and Ravi Ranjan, MD, PhD, FHRS.
University of Utah, Salt Lake City, UT, University of Utah, UT,
University of Utah, SCI Institute / CVRTI, Salt Lake City, UT,
Division of Cardiothoracic Surgery, CVRTI, Salt Lake City, UT

Background: Dominant frequency (DF) is used to characterize
the local electrograms (EGMs) during atrial fibrillation (AF).
However, the relationship between varying DF and the structural
substrate is unknown.
Objective: High density mapping and high resolution ex-vivo
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MRI were used to investigate the relationship between DF and
the structural substrate.
Methods: Electrograms (EGMs) from the left atrial (LA)
endocardium were acquired from chronic AF paced canines
(n=6, AF=15±9 months) with a 64 pole Orion catheter (Boston
Scientific, Inc.). EGMs were recorded for 2 minutes at different
locations in the entire LA was mapped. The animals were
injected with gadolinium and the hearts were scanned in a
7 tesla MRI (195μ resolution). The electro-anatomical maps
and MRIs were segmented to 11 distinct anatomical regions.
Mean dominant frequency (DF), image intensity, and fibrosis
percentage was reported for each region. Fibrosis percentage
and mean image intensity were normalized to the highest values
for each animal and the two highest and two lowest DF sites
from each animal were identified. Normalized MRI measures
were compared for high and low DF sites.
Results: The mean DF ranged from 5.9±1.1 to 10.6±2 Hz and
the fibrosis ranged from 3.4±1.9% to 21.9±10.3% for all animals.
High DF regions vs. low DF regions had higher mean normalized
MRI intensity (0.92±0.1 vs. 0.79±0.1, p=0.01) and higher mean
normalized fibrosis levels (0.74±0.3 vs. 0.25±0.2, p<0.001),
respectively.
Conclusion: Regions with higher DF coincide with higher MRI
image intensity and fibrotic regions, making them potential sites
for ablation.
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wavefronts is labor intensive and often restricted to short time
segments. RETRO-Mapping identifies uniform wavefronts,
summates all wavefront vectors on to an orbital plot that is
projected back to the 3D geometry.
Objective: Sequential mapping of different areas of atria
enables a 5-D choropleth map to be created, displaying every
wavefront over the mapping period on a single 3-D geometry to
study the AF substrate.
Methods: 65 patients underwent left atrial mapping using the
AFocusII in multiple 30 sec data segments with Precision™.
Data collected during atrial tachycardia and sinus rhythm (10
wavefronts in 2 pts), and AF (705 wavefronts in 4 pts) were used
to validate the algorithms manually. 161 locations (n=18pts) were
mapped for 60s each during AF. The orbital plots from first 30s
were compared with second 30s at each location and also with a
further remap at the first location 10 mins later. CFAE and bipolar
voltage maps were constructed from 8sec segments. Manual
review of the wavefront maps was performed to screening for
focal activation. The effect of pulmonary vein isolation was
studied at 277 locations (n=23pts).
Results: There was no difference between manual and
automated activation mapping of AF (Bland-Altman: 95%
CI -0.4° to 0.2°). Spatiotemporal stability of activation was
demonstrated between the two 30s pre PVI maps (mean
percentage match 79.5 ± 7.7; 95% CI 78 to 80.5), with no
difference in activation pattern on delayed re-mapping (P = 0.8,
n=9pts). There was no difference in voltage or CFAE between
maps (P >0.5). 13/18 patients showed evidence of focal
activations in 32/114 segments. Activation wavefronts became
significantly more organised post PVI (P <0.01).
Conclusion: Atrial fibrillatory activity includes organised
wavefronts with preferential directions of activation that are
spatio-temporally stable. These can be detected and displayed
by an automated algorithm (that also allows detection of focal
activations). Wavefront coherence is increase by PVI. RETRO
mapping allows display of this data such that it may be possible
to deduce the mechanism and targets for ablation in a similar
manner to diagnosing complex atrial tachycardias.

S-PO04-121
MITRAL ISTHMUS ABLATION GUIDED BY HIGHRESOLUTION CATHETER MAPPING:IDENTIFICATION
AND LOCALIZATION OF RESIDUAL ENDOCARDIAL AND
EPICARDIAL CONDUCTION

S-PO04-120
RETRO-MAPPING: A 5-DIMENSIONAL FRAMEWORK
FOR MAPPING WAVEFRONTS DURING AF REVEALS
MECHANISTIC INSIGHT WITH BOTH FOCAL ACTIVATION
AND STABLE VECTOR

Ian E. Mann, Nick Linton, Clare Coyle, Norman A. Qureshi,
BChir, MA, MB, PhD, Michael Koa-Wing, BS, MBBS, PhD,
CCDS, Phang Boon Lim, BCH, MB, MBChB, Zachary I.
Whinnett, BMBS, PhD, Darrel P. Francis, Nicholas S. Peters,
FHRS and Prapa Kanagaratnam. Imperial College London,
London, United Kingdom, Imperial College Healthcare NHS
Trust, London, United Kingdom, Imperial College London,
Rickmansworth, United Kingdom, Imperial College, London,
England, United Kingdom, St Marys Hospital, Imperial College,
Dept of Cardiology, London, England, United Kingdom, Imperial
College London, United Kingdom
Background: Activation mapping of atrial fibrillation (AF)

Yuichiro Sakamoto, MD, Ryo Yamaguchi, Daisuke
Yoshimoto, Sachiko Bando, Takahiko Suzuki, Deborah
Lockwood and Hiroshi Nakagawa, MD, PhD. Cardiovascular
Medicine,Toyohashi Heart Center, Toyohashi, Japan,
Cardiovasucular Medicine,Toyohashi Heart Center, Toyohashi,
Japan, Heart Rhythm Institute,University of Oklahoma Health
Sciences Center, Oklahoma City, OK
Background: Achieving conduction block across the mitral
isthmus (MI) remains challenging.
Objective: To evaluate use of a high-resolution mapping system
to identify and localize residual endocardial and epicardial
conduction after MI ablation.
Methods: 40 consecutive pts undergoing MI ablation were
enrolled. After initial endocardial linear ablation from the lateral
mitral annulus to the left inferior pulmonary vein, high-resolution
activation mapping (Rhythmia) of the MI region, including the
CS was performed to verify conduction block or to localize
residual conduction across the MI during left atrial appendage
(LAA) and CS pacing. The propagation map mode was used to
identify if residual conduction was occurring across a gap in the
endocardial ablation lesion or via the coronary sinus or Marshall
tract.
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Results: The initial endocardial linear ablation (median 9.2 min
RF) resulted in complete block across the MI in 9/40 pts (23
%). In the remaining 31 pts, the propagation map identified only
endocardial gap in 12 pts (39%); only CS connection in 7 pts
(23%); only Marshall tract connection in 3 pts (9%); and both
endocardial and CS connections in 9 pts (29%), Figs A-D. In 5
pts, the propagation map revealed residual conduction, despite
differential CS pacing suggesting bidirectional complete block.
In these cases, residual conduction was occurring distant from
the CS near the LAA ridge. Additional ablation at the identified
breakthrough site resulted in complete conduction block in 39/40
(98%) pts.
Conclusion: High-resolution propagation maps localize residual
endocardial and epicardial conduction across the MI, facilitating
creation of complete conduction block across this region.

recurrence rate was observed between patients who did and did
not receive PLSVC ablation.
Conclusion: The PLSVC had an important role in initiating
and maintaining AF and ablation of the PLSVC was required
in substantial proportion of patients to maintain sinus rhythm.
In patients with PLSVC, its role as a trigger or driver should be
thoroughly examined before RFCA.

S-PO04-123
ACTIVATION MAPPING WITH INTEGRATION OF VECTOR
AND VELOCITY INFORMATION IMPROVES THE ABILITY
TO IDENTIFY MECHANISM AND LOCATION OF COMPLEX
ATRIAL TACHYCARDIAS

Malte Kuniss, MD, Kai Weipert, MD, Julie Hutter, MD, Johannes
Sperzel, MD, Patrick Kahle, MD, Sergey Zaltsberg, MD, Andreas
Hain, MD and Thomas Neumann, MD. Kerckhoff-Klinik Heart
Center, Bad Nauheim, Germany

S-PO04-122
IMPACT OF PERSISTENT LEFT SUPERIOR VENA CAVA
IN ATRIAL FIBRILLATION PATIENTS UNDERGOING
RADIOFREQUENCY CATHETER ABLATION

Yun Gi Kim, Seongwook Han, MD, PhD, FHRS, CCDS,
CEPS-A, Jong-Il Choi, MD, PhD, Chun Hwang, MD, FHRS and
Young-Hoon Kim, MD. Korea University Medical Center, Seoul,
Republic of Korea, Keimyung University Dongsan Medical
Center, Daegu, Republic of Korea, Revere Health, Orem, UT
Background: A persistent left superior vena cava (PLSVC)
can be a source of atrial fibrillation (AF). However, the impact
of PLSVC in AF patients undergoing radiofrequency catheter
ablation (RFCA) is not well defined.
Objective: We performed this analysis to evaluate
electrophysiological characteristics of the PLSVC and its role in
triggering and maintaining AF.
Methods: Patients with the PLSVC in pre-procedural cardiac
imaging studies before RFCA were evaluated.
Results: Among 3,967 patients, PLSVC was present in 36
patients (0.9%). There were 4 morphological types of the
PLSVC; type 1: atresia of the right SVC (n=2), type 2A: dual
SVCs with an anastomosis between right and left SVCs (n=15),
type 2B: dual SVCs without an anastomosis (n=16), and type 3:
PLSVC draining into the left atrium (LA) (n=2). Thirty-two and 4
patients underwent RFCA and MAZE operation respectively for
their initial therapy (Figure). Among patients undergoing RFCA,
the PLSVC was a trigger or driver of AF in 22 (69.8%) patients.
Whether to ablate the PLSVC was determined by rigorous
electrophysiologic study and no significant difference in the late

Background: Because of inaccurate time annotation of complex
electrograms and passive diastolic activity the activation
mapping of complex atrial tachycardias (AT) can be difficult to
interpret, especially in cases with extensive scar areas.
Objective: To examine a novel mapping algorithm with
integration of a vector map regarding improvement of
determination of arrhythmia mechanism, identification of
reentrant circuits and location of ATs.
Methods: The investigational mapping algorithm (coherent
mapping, Biosense Webster) calculates vectors and applies
physiological constraints of electrical excitation in atrial tissue
to determine the arrhythmia source and underlying mechanism
in conjunction of annotation of scar areas and zones of slow
conduction. We examined pts with different AT in a prospective
validation of the new mapping algorithm compared to standard
algorithm with local activation times (LAT). The investigator
performed LAT first, than a second analysis using new algorithm
was performed.
Results: The prospective study group included 22 pts (16 male,
age 65 in median (IQR 58-71 years); LVEF in median 60% (IQR
57-62)). A total of 24 ATs were mapped in 3 pts who presented
for first-time atrial ablation, and in 19 pts with previous ablations
(n=19; 1.7±0,9, range 1-4). Former mitral valve surgery in
combination with surgical ablation was performed in 5 pts, with
additional tricuspid valve repair and ASD suture in 1 patient.
Open heart surgery was performed in another 2 pts, in one
patient prior hybrid surgical ablation occurred. Standard LAT
identified 8 of 24 ATs (33,3%), including 5 macroreentry and 3
localized reentry tachycardias. The investigational algorithm
identified 20/24 (83.3%) ATs, including 12 macroreentry and 8
localized reentry tachycardias, that all terminated with limited
ablation (median 320 s (IQR 42-723). It identified 7 macroreentry
and 6 localized reentry ATs not well characterized by LAT.
Conclusion: Activation mapping integrating vectors improves
the description of propagation patterns. Compared to standard
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LAT it improves the ability to determine complex arrhythmia
mechanism and identify its critical components for effective
ablation.

S-PO04-125

S-PO04-124

Robin Wesselink, MSc, Marc M. Terpstra, BSc., Jolien Neefs,
MD, Wouter R. Berger, MD, Sébastien PJ. Krul, MD,PhD,
Nicoline WE. van den Berg, MD, Femke Piersma, Wimjan JP.
van Boven, MD,PhD, Antoine HG. Driessen, MD,PhD and
Joris R. de Groot, MD,PhD. Amsterdam UMC, Amsterdam,
Netherlands, OLVG, Amsterdam, Netherlands

CHARACTERIZING MYOCARDIAL PHYSIOLOGY WITH
ACTIVATION VECTOR DISPERSION MAPPING

Emma K. Davis, MS, D. Curtis Deno, MD, PhD, Dennis J.
Morgan, MS, Thomas P. Hartley, MS, Karl Magtibay, MASc,
Stephane Masse, MASc and Kumaraswamy Nanthakumar, MD.
Abbott Laboratories, St. Paul, MN, University Health Network,
Toronto, ON, Canada, University Health Network - Toronto
General Hospital, Toronto, ON, Canada
Background: It is now possible to map activation vectors in 3D
mapping systems. Omnipolar Mapping Technology (OT) applied
to a regular grid array catheter generates 36 vectors on a 2 mm
lattice. The association of directionally dispersed vectors with
physiology is not known.
Objective: We sought to link the angular dispersion of activation
direction (AD) vectors with physiologic causes. We tested
the hypothesis that disparate vector directions characterize
myocardial activation at wave collision, breakout sites, and
acutely ablated lesion sites.
Methods: A total of 26 maps were made from 7 anesthetized
porcines of local activation time (LAT), omnipolar voltage,
and OT AD in both sinus and paced rhythms and all 4 cardiac
chambers. Determinations of dispersion were made in
conditions identified as Parallel, Breakout, Ablation, or Collision
by conventional LAT maps or ablation markers. A median of
44 observations of angular standard deviation were made at
each condition and compared to a set of random angles. Each
condition was also assessed for LAT or voltage dispersion.
Results: Tukey’s HSD method at 95% confidence identified
4 distinct groups of dispersion: Parallel, Breakout, Ablation/
Collision, and Random with standard deviations of 17, 64, 77
and 113° respectively. Ablation sites had the least mean voltage
(1.5 ± 0.7 mV) together with the greatest LAT dispersion (15.5 ±
9.8 ms, p < 0.05), consistent with lesion lines isolating different
regions.
Conclusion: Characteristic physiologic conditions such as
collision, ablation sites, and breakout result can be deduced
from dispersion of AD vectors. AD vector maps with angular
dispersion may meaningfully characterize myocardial physiology.

EPICARDIAL GANGLIONIC PLEXUS ABLATION DOES NOT
AFFECT ATRIAL AND VENTRICULAR ECTOPIC ACTIVITY

Background: Autonomic modulation through ablation
of the ganglionic plexuses (GP) has been proposed to
improve freedom of atrial fibrillation(AF) after ablation. The
“Atrial Fibrillation Ablation and autonomiC modulation via
Thoracoscopic surgery”(AFACT) trial showed no benefit of
GP ablation in addition to epicardial ablation on AF freedom.
However, how GP ablation affects atrial and ventricular ectopy is
still unclear.
Objective: To determine the effect of GP ablation on atrial and
ventricular ectopy.
Methods: Patients from the AFACT study underwent epicardial
pulmonary vein isolation (PVI) plus additional left atrial ablations
when indicated. Patients were randomized to additional GP
ablation or no GP ablation(control). We investigated the number
of premature atrial and ventricular complexes (PAC and PVC)
from 24 hour Holters at baseline, 3, 6, 9, 12 and 24 months after
the procedure. All antiarrhythmic medication was discontinued
after 3 months of follow-up.
Results: In total, 1187 24-hour Holters were collected of all 240
patients of the AFACT trial, providing an 82% coverage and a
median of 5 [4-6] Holters per patient. Atrial ectopy increased
from baseline to 12 months (1.45[0-8.71], 3.96[1.20-24.86]
PAC’s/h, p<0.001), but was not associated with recurrence of
AF (p=0.27). Ventricular ectopy increased from baseline to 12
months (0.56[0.083-5.38], 1.06[0.13-6.68] PVC’s/h, p=0.009).
Conclusion: GP ablation did not affect atrial or ventricular
ectopy. However, both atrial and ventricular ectopy increased
from baseline to 12 months post-procedure, potentially related to
discontinuation of antiarrhythmic drugs.
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S-PO04-126
IMPACT OF THE MEAN LEFT ATRIAL PRESSURE ON THE
CLINICAL OUTCOME OF PATIENTS AFTER CATHETER
ABLATION FOR ATRIAL FIBRILLATION
Stefano Bandino, Dan Wichterle, MD, PhD, Petr Peichl, MD,
PhD, Predrag Stojadinovic, Robert Cihak, MD, PhD and Josef
Kautzner, MD, PhD. Institute for Clinical and Experimental
Medicine, Prague, Czech Republic, IKEM, Prague, Czech
Republic, IKEM IKEM Hospital, Dept of Cardiology, Prague 4,
Czech Republic, IKEM Praha, Prague, Czech Republic

Background: Mean left atrial pressure (mLAP) can be easily
measured during catheter ablation for atrial fibrillation (AF). Its
impact on the post-ablation clinical outcome has not yet been
fully elucidated.
Objective: We hypothesized that elevated mLAP is
independently associated with worse arrhythmia control after the
ablation for AF.
Methods: This retrospective study included patients who
underwent their first-time radiofrequency catheter ablation for AF
and in whom mLAP was measured after transseptal puncture.
Good arrhythmia control at the last clinical visit was defined
as either absence of arrhythmia or significant reduction in
arrhythmia burden (>75%). This was not achieved when patient
was treated with antiarrhythmic drugs (AADs) and/or required
electrical cardioversion since the previous clinical visit.
Results: Between November 2012 and August 2018, 699
patients (age: 61±10; males: 65.5%; paroxysmal AF: 67.2%;
CHA2DS2-VASc: 2.0±1.3; pulmonary vein isolation only: 27.2%)
were enrolled. The mLAP was 9.2 vs. 11.3 mmHg in patients
with paroxysmal vs. persistent AF (P<0.0001) and 9.4 vs. 10.7
mmHg in males vs. females (P<0.001). During median follow up
of 340 (209-549) days, good arrhythmia control without AADs
was achieved in 63.6 vs. 47.2% of patients with paroxysmal vs.
persistent AF (P <0.0001) and in 62.4% vs. 50.2% of males vs.
females (P <0.01). Univariate and multivariate predictors of the
clinical outcome are shown in Table.
Conclusion: Elevated mLAP is associated with worse
arrhythmia control after AF ablation independently of other
known risk factors, including female gender, persistent AF, longer
duration of AF, left atrium enlargement and left atrial volume
index.
Decrease in good arrhythmia control without AADs
Univariate Univariate
analysis
analysis

Multivariate Multivariate
analysis
analysis

Age per 1 year increase

-0.6%

<0.001

NS

NS

Female gender

-12.2%

<0.01

-10.4%

<0.01

Persistent AF

-16.5%

<0.0001

-10.0%

<0.05

Creatinine per 1 µmol/L increase -1.1%

<0.05

NS

NS

AF duration per 1 year increase

-1.1%

<0.01

-1.1%

<0.01

LA volume per 1 ml/m2 increase

-0.8%

<0.0001

-0.6%

<0.0001

mLAP per 1 mmHg increase

-1.6%

<0.0001

-0.9%

<0.05

S-PO04-127
UNDERLYING MECHANISM OF ACUTE PULMONARY
VEIN RECONNECTIONS BETWEEN RADIOFREQUENCY
ABLATION VERSUS CRYOBALLOON ABLATION OF
ATRIAL FIBRILLATION
Ryuta Watanabe, MD, Koichi Nagashima, MD, PhD, Masaru
Arai, Yuji Wakamatsu, MD, Naoto Otsuka, Seina Yagyu, MD,
Sayaka Kurokawa, Toshiko Nakai, MD and Yasuo Okumura,
MD, PhD. Nihon University, tokyo, Japan, Nihon University

School of Medicine, Tokyo, Japan, Nihon University, Tokyo,
Japan, Nihon-university school of medicine, Tokyo, Japan,
Division of Cardiology, Department of Medicine, Nihon
University School of Medic, Tokyo, Japan, Nihon University, ,
Nihon Univ School of Medicine, Tokyo, Japan
Background: It has been reported that acute pulmonary vein
(PV) reconnection sites requiring additional touch-up lesions
(APVRs) after PV isolation (PVI) differ between radiofrequency
(RF) ablation and cryoballoon ablation (CBA), but the underlying
mechanism of APVRs has not been fully investigated.
Objective: This study aimed to characterize the APVRs of RFbased PVI and CBA.
Methods: Of 165 consecutive patients who underwent an initial
PVI of AF, 54 RF (39 males, 63±10 years) and 54 CBA (41
males, 63±11 years) patients matched with propensity scores
calculated with general clinical parameters (sex, age, body
mass index, AF subtype, CHADS2 score, left atrial diameter)
were included. High-density PV antral bipolar voltage mapping
(938±426 points) was performed during SR before the PVI. The
voltages were measured at 16 PV segments (864 segments
per group), and the PV wall thickness at the corresponding
sites was measured on pre-acquired CT images. Additional RF
was applied for APVRs (residual PV potentials, spontaneous
PV reconnections, or dormant reconduction by adenosine
triphosphate). In CBA, an optimal PV occlusion was determined
by the absence of contrast leakage.
Results: The PV wall thickness correlated modestly with the
bipolar voltages (r=0.19, p <0.001). APVRs were observed in the
23 [2.7%] PV segments in 16/54 (30%) patients with RF vs. 28
[3.2%] PV segments in 17/54 (31%) patients with CBA (P=N.S
for both). In the RF-PVI, APVRs often occurred in higher voltage
segments (3.15±1.22 mV vs. 1.93±1.17 mV at the non-APVR
sites, P<0.001), and were mostly located at the posterior aspects
of the PV carina (10/23 [43%]). In contrast, APVRs occurred,
independent of the bipolar voltages (2.19±1.14 vs. 2.37±1.25
mV, P=0.45), rather they were associated with the presence
of contrast leakage (19/24 [79%] PVs vs. 61/192[32%] PVs,
P<0.001), and were often observed on the floor of the inferior
PVs (16/28 [57%]) after the CB-PVI.
Conclusion: The PV wall thickness was significantly associated
with the bipolar voltages. Successful RF-PVI was highly
dependent on the PV antral voltages, but successful CBA was
achieved independent of the PV antral voltages. These findings
suggest that PV durability may be higher during CBA than RFPVI, especially in thickened PV walls.

S-PO04-128
COMPUTATIONAL ATRIAL MODELS DERIVED FROM
LATE GADOLINIUM ENHANCED (LGE) MRI PREDICT
RECURRENCE OF ATRIAL FIBRILLATION AFTER
PULMONARY VEIN ISOLATION

Rheeda L. Ali, PhD, Julie Shade, Joe B. Hakim, Dante Basile,
Bhradeev Sivasambu, MD, Joseph E. Marine, MBA, MD, FHRS,
David D. Spragg, MD, FHRS, Patrick Boyle, BS, PhD, FHRS,
Hugh Calkins, MD, FHRS, CCDS and Natalia A. Trayanova,
PhD, FHRS. Johns Hopkins University, Baltimore, MD, Johns
Hopkins University School of Medicine, Baltimore, MD, Johns
Hopkins Hospital, Baltimore, MD, Johns Hopskins University,
Baltimore, MD, Johns Hopkins Univ, Div of Biomedical
Engineering, Baltimore, MD
Background: AF is the most common arrhythmia, significantly
increasing risk of stroke. For some paroxysmal AF (PAF)
patients, pulmonary vein isolation (PVI) is a successful treatment
strategy. However, others experience AF recurrence after PVI,
and may require substrate modification in the fibrotic left atrium
(LA). There is no reliable diagnostic tool to identify patients in the
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latter group prior to initial PVI.
Objective: To determine if personalized LGE-MRI computational
models can identify PAF patients who will have recurrent AF
after PVI alone and might benefit from additional substrate
modification.
Methods: This retrospective study included 32 PAF patients
who underwent PVI alone. All patients had pre-PVI LGE-MRI
scans. Success of PVI was defined as freedom from AF during
1-year post-PVI follow-up. LA models were constructed for all
patients and simulations executed to induce AF by pacing from
4 uniformly distributed sites. Quadratic discriminant analysis
(QDA) on 24 extracted simulation and LGE-MRI-derived features
(workflow in Fig. 1A) predicted PVI outcome. QDA predictive
strength was assessed with leave-one-out cross validation.
Results: PVI was successful in 20/32 patients. Number of
AF-inducing pacing sites in simulations was a strong predictor
of AF recurrence after PVI (AUC=0.73, p=0.012). Inclusion of
% fibrosis, derived from LGE-MRI, in QDA further increased
predictive strength (AUC=0.76, p<0.001). ROC curves are
shown in Fig. 1B.
Conclusion: Computational models and LGE-MRI derived
features can be used to identify a subset of PAF patients likely
to have recurrent AF after PVI. This subset might benefit from
further substrate modification at the time of PVI.
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Objective: To determine overall procedural trends and factors
predictive of catheter ablation for newly-diagnosed AF.
Methods: We included patients age 20-64 in the Truven
MarketScan CCAE database from years 2010-2016. Patients
without prior history of AF and no prescriptions for AAD with
continuous enrollment for at least 1 year pre-index and postindex were included in the analysis. Multivariate logistic
regression was used to investigate factors associated with CA.
Results: 77,207 patients met inclusion criteria. Mean age was
53.9 years, 66.8% were male, 30.0% of patients had been
trialed on at least one anti-arrhythmic drug (AAD), and 7.1% of
patients underwent CA. 59% of patients were trialed on an AAD
prior to undergoing CA, which increased over the study period
from 58% in 2010 to 63% in 2016. The odds of undergoing CA
increased significantly over the course of the study period, with
patients in 2016 2.2 times more likely to undergo CA than those
in 2010 (OR 2.18; CI: 1.93 - 2.46). Patients were less likely to
undergo CA if they were located in the Northeast (OR: 0.80, CI:
0.73 - 0.88) or North Central (OR: 0.91, CI: 0.83 - 0.99) regions,
had higher CHADS2Vasc scores, or had Charleston Comorbidity
Index (CCI) score of 3 or greater (OR: 0.61; CI: 0.51 - 0.72).
Patients were more likely to undergo ablation if they were male
(OR: 1.12, CI: 1.03 - 1.22) or had cardiomyopathy (OR: 1.40, CI:
1.09 - 1.79). Patients with CHADS2Vasc scores of 3 or higher
were least likely to undergo ablation (OR: 0.46, CI: 0.38 - 0.55;
reference score 0).
Conclusion: CA within 12 months for new-diagnosed AF has
increased significantly from 2010 to 2016, with most patients
still trialed on an AAD prior to CA. Patients in the Northeast and
North Central regions are less likely to be referred for early CA,
whereas male patients with lower CHADS2Vasc scores and
fewer comorbidities are more likely to be referred for CA.

S-PO04-130
EFFICACY AND SAFETY OF LEFT ATRIAL APPENDAGE
ISOLATION IN ADDITION TO PULMONARY VEIN
ISOLATION IN PERSISTENT ATRIAL FIBRILLATION:
MID-LONG TERM CLINICAL OUTCOME AFTER
CRYOBALLOON-BASED ABLATION

Hikmet Yorgun, Uğur Canpolat, Banu Evranos, Metin Okşul,
Yusuf Z. Şener and Kudret Aytemir, MD. Hacettepe University,
Ankara, Turkey, Hacettepe Univ, Ankara, Turkey

S-PO04-129
TRENDS AND PREDICTORS OF CATHETER ABLATION
FOR NEWLY-DIAGNOSED ATRIAL FIBRILLATION IN A
NATIONWIDE POPULATION UNDER AGE 65

Robert Nicholas. D’Angelo, MD, MS, Rahul Khanna, PhD,
Robert W. Yeh, MD, Laura Goldstein, MPH, Iftekar Kalsekar,
Stephen Marcello, MD, Patricia Tung, MD and Peter J.
Zimetbaum, MD, FHRS. Beth Israel Deaconess Medical Center,
Boston, MA, Johnson & Johnson, New Brunswick, NJ, Johnson
& Johnson, Irvine, CA, Johnson & Johnson, Cincinnati, OH
Background: Catheter ablation (CA) has emerged as an
effective treatment for symptomatic atrial fibrillation (AF),
however practice patterns and patient factors associated with
referral for CA within the first 12 months after diagnosis are
poorly characterized.

Background: Recent studies demonstrated that left atrial
appendage (LAA) represents a potential arrhythmic substrate as
a trigger and substrate for maintenance of atrial fibrillation (AF).
However, data regarding both the efficacy and thromboembolic
complications after LAA isolation is conflicting.
Objective: In this study, we aimed to evaluate the safety and
mid-long term efficacy of cryoballoon (CB) based left atrial
appendage (LAA) isolation in addition to pulmonary vein
isolation (PVI) compared to the PVI-only strategy in patients with
persistent AF.
Methods: A total of 84 patients with the diagnosis of persistent
AF underwent both PVI and additional LAA isolation using CB.
Recurrence of atrial tachyarrhythmia (Ata) during the follow-up
was the primary endpoint. Patients with transient ischemic attack
or ischemic stroke were also recorded.
Results: At the mean 24 ± 6month follow-up, 59 (70%)
patients were free of ATa after the index procedure. Among
49 patients with a control transesophageal echocardiography,
high grade spontaneous echo-contrast was detected in 9
(18%) patients and LAA thrombus was detected in only one
patient who discontinued oral anticoagulation. Four (4.7%)
patients with LAA isolation experienced ischemic stroke. All the
patients with ischemic stroke had a history of discontinued oral
anticoagulation therapy intentionally.
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Conclusion: Our findings indicated that CB based LAA
isolation as an adjunct to PVI improved mid-long term outcomes
in persistent AF. Increased risk of ischemic stroke was
observed in patients with LAA isolation with the history of drug
discontinuation. Sufficient anticoagulation should be strictly
forced in patients with LAA isolation.

S-PO04-131
TRANSIENT SYMPATHETIC HYPERACTIVITY
IMMEDIATELY AFTER AF ABLATION PREDICTS A
FAVORABLE LONG-TERM OUTCOME: INSIGHT FROM
SKIN SYMPATHETIC NERVE ACTIVITY RECORDING

Li-Wei Lo, MD, PhD, Yu-Hui Chou, MS, Wei-Lun Lin, MS,
Tzu-Yen Peng, MS, Pin-Yi Lin, MS, Yenn-Jiang Lin, MD, PhD,
Shih-Lin Chang, MD, PhD, Fa-Po Chung, MD, Yu-feng Hu, MD,
Shien-Fong Lin, PhD and Shih-Ann Chen, MD. Taipei Veterans
General Hospital, Taipei, Taiwan, Taipei Veteran General
Hospital, Taipei, Taiwan, National Chiao Tung Unviersity, Taiwan
Background: The effect of cardiac sympathetic modulation after
AF ablation is unclear.
Objective: The study aimed to investigate the changes of skin
sympathetic nerve activity (SKNA) in patients receiving AF
ablation.
Methods: Of 40 patients with drug-refractory symptomatic AF
(28/12: Paroxysmal/non-paroxysmal) receiving ablation, the
SKNA was continuously recorded for 10 min during resting from
ECG lead I configuration (ECG-SKNA) & bipolar electrodes on
the right arm (EMG-SKNA) 1 day before, after and 3 months
after ablation.
Results: All patients (60±10 y/o, 36 males) received PVI in index
procedure, 30 received substrate modifications & 5 received
SVC isolations. Before ablation, there were intermittent surges
of SKNA (sSKNA) & associated with APC initiation. One day
after ablation, average SKNA & sSKNA were significant higher,
when compared to those before ablation, respectively, but were
not associated with APC initiation (Table). The average SKNA
restored to baseline 3 months after ablation. AF recurrence
happened in 8 (20%) patients after 11.3±2.0 Mo of follow-up, &
lower frequency, higher threshold of sSKNA for APC initiation
were observed when compared to those before ablation (Table).
Those without recurrence has a significant elevation of 1-day
post ablation average EKG-SKNA (176%, p=0.02) and EMGSKNA (331%, p=0.001), but not in those with recurrence (120%,
p=0.33; 125%, p=0.48), when compared to before ablation,
respectively.
Conclusion: Transient augmentation of sympathetic activity
is observed immediately after AF ablation and is related to an
AF free survival, suggesting the importance of sympathetic
neuromodulation in achieving a favorable ablation outcome.

S-PO04-132
FIVE-YEAR CHANGES OF RENAL FUNCTION AFTER
CATHETER ABLATION FOR ATRIAL FIBRILLATION

Je-Wook Park, MD, Pil-Sung Yang, MD, Song-Yi Yang, BSc,
Han-Joon Bae, MD, In-Soo Kim, MD, Moo-Nyun Jin, Hee Tae
Yu, MD, PhD, Tae-Hoon Kim, MD, Jae-Sun Uhm, Boyoung
Joung, MD, PhD, Moon-Hyoung Lee, MD, PhD and Hui-Nam
Pak, MD, PhD. Yonsei University Health System, Seoul,
Republic of Korea, Division of Cardiology, Cha University, Seoul,
Republic of Korea
Background: Although it was reported that renal functions can
be improved after catheter ablation for atrial fibrillation (AF), its
long-term changes and relationship with ablation lesion set and
repeat ablations have not yet been evaluated.
Objective: We explored the 5-year changes of estimated
glomerular filtration rate (eGFR) in patients with AF depending
on medical therapy and catheter ablation.
Methods: Among 14,056 patients with AF under medical
therapy in National Health Insurance Service database and
1,963 patients who underwent AF catheter ablation, we
compared 1,989 patients with medical therapy and 608 patients
with AF catheter ablation (58.6±10.3 years old, 73.4% male,
66.9% paroxysmal AF, and 81.6% single procedure), those
have 5-years serial eGFR data (EPI-CKD method), after
1:3 propensity score matching. We investigated the factors
associated with improvement of renal function.
Results: 1. In contrast catheter ablation improved eGFR5yrs
(81.9±18.5 to 85.2±19.3 mL/min/1.73m2, p<0.001), medical
therapy did not (82.3 ± 16.8 to 81.8 ± 18.5 mL/min/1.73m2,
p=0.151). 2. In overall 2,597 matched patients, age (OR 0.98
[0.98-0.99], p<0.001) and AF ablation (OR 2.37 [1.97-2.86],
p<0.001) were independently associated with the improvement
of long-term renal function. 3. Among 608 patients who
underwent AF ablation, the absence of hypertension (OR 1.43
[1.01-2.02], p=0.044), and extra-pulmonary vein (PV) left atrial
(LA) ablation (OR 1.56 [1.12-2.18], p=0.009) were independently
associated with improved eGFR5yrs. However, baseline chronic
kidney disease and repeat ablations were not.
Conclusion: AF catheter ablation significantly improves renal
function for 5-years, especially in patients without pre-existing
hypertension, and who underwent extra-PV LA ablation.

S-PO04-133
A NOVEL, SINGLE CATHETER TECHNIQUE TO CONFIRM
BLOCK ACROSS THE CAVO-TRICUSPID ISTHMUS:
INSIGHT INTO LATERAL FIELD OF VIEW WITH AN
IRRIGATED ABLATION CATHETER

Tahmeed Contractor, MD, Vadim A. Levin, MD and Francis
Marchlinski, MD, FHRS. Loma Linda University, Loma Linda,
CA, Phoenixville Hospital, Harleysville, PA, Hospital of the Univ
of Pennsylvania, Cardiac Electrophysiology, Bala Cynwyd, PA
Background: It is important to confirm block after ablation
across the cavo-tricuspid isthmus (CTI).
Objective: We propose a simple method to confirm the
presence of block across the CTI that also provides insight into
the lateral field of view (FOV) with an irrigated ablation catheter.
Methods: When pacing close to the ablation line, there are two
wave fronts going away from the line (A). In the presence of true
block, one wave front is not propagated beyond the line and the
other wave front propagates around the tricuspid valve annulus
activating atrial tissue on the other side of the line. This results in
a delayed far field signal recorded in the pacing catheter bipole
(B). The ability to see this far field signal based on distance from
the line gives insight into the lateral FOV of the ablation catheter
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bipole (B,C). With this concept as a background, pacing was
performed close to the ablation line in 10 patients with typical
CTI dependent flutter before and after ablation with confirmed
block at different distances from the ablation line.
Results: When pacing close to the ablation line after block, a
delayed potential (> 120ms) was recorded after local capture (D,
arrow). This delayed potential was not seen prior to achieving
block. If pacing was performed >8 mm from the line, the delayed
potential was not seen, indicating that the lateral FOV of an
irrigated ablation catheter bipole is approximately 10 mm.
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pop observed (Fig A). Gross pathology showed, when using 2
mm lesion tag on CARTO display, an overlapped continuous RF
lesion line was created; there were gaps detected in the lesion
line using 4 mm tag; and there was a continuous lesion line with
minimal overlapping lesions using 3 mm tag (Fig B).
Conclusion: When using 3 mm CARTO lesion tag size and
point-by-point “kissing” ablation approach, 90W-4S created a
continuous and transmural linear lesion line at the atrial wall with
minimal overlapped lesions. Overlapped RF applications applied
intentionally created deeper lesions.

S-PO04-135
AF CRYOABLATION LEADS TO A PROMINENT
NEUROMODULATION EFFECT THAN RADIOFREQUENCY
ABLATION: INSIGHT FROM SKIN SYMPATHETIC NERVE
ACTIVITY RECORDING

Conclusion: The presence of a delayed potential >120ms seen
when pacing close to the ablation line confirms the presence of
true block across the CTI suggesting the ability to use a single
catheter technique to both ablate and prove block. The lateral
FOV of an irrigated ablation catheter is approximately 10 mm.

S-PO04-134
OPTIMIZING CARTO TAG SIZE OF THE HIGH POWER
SHORT DURATION 90W-4S RF APPLICATIONS FOR
CREATING A CONTINUOUS ATRIAL LESION LINE

Zhong (Jack) Wang, MD, PhD, Xiangming Zhang, PhD, Keshava
Datta, PhD, Helee Joshi, Qun Sha, MD, Tushar Sharma, MD,
MPH and Moe Bishara, MD. Biosense Webster, Inc, Irwindale,
CA, Biosense Webster Inc of Johnson and Johnson, Irwindale,
CA, Biosense Webster Inc, Irwindale, CA
Background: High power short duration has been adapted
for PVI. Esophageal temperature (temp) rise has been
recorded during ablation at the posterior LA wall, especially
when consecutive applications were applied in overlapped RF
locations close to the esophagus.
Objective: To optimize the safety and effectiveness of 90W4S delivery for ablating atrial tissue, lesion tagging strategy in
CARTO system and lesion characters were examined.
Methods: A multi-temp sensing catheter (Qdot MICRO™) and
temp-controlled 90W-4S power delivery were applied at the thigh
muscle and beating heart models in six canines (wt: 21.9 kg).
A Luxtron optical temp sensor was placed into the thigh muscle
directly under the RF tip to compare temp trend and heating
pattern at each single and double ablations. The lesion depth
was measured accordingly to RF applications. A RA linear lesion
integrity was examined using different sizes of lesion tag on
CARTO.
Results: Overlapped RF applications caused further tissue temp
rise (from 67.5 oC to 76.3 oC), and 40% deeper lesion in both
the heart and thigh muscles with no char, coagulum or steam

Li-Wei Lo, MD, PhD, Yu-Hui Chou, MS, Wei-Lun Lin, MS,
Tzu-Yen Peng, Pin-Yi Lin, Yenn-Jiang Lin, MD, PhD, Shih-Lin
Chang, MD, PhD, Fa-Po Chung, MD, Yu-feng Hu, MD, ShienFong Lin, PhD and Shih-Ann Chen, MD. Taipei Veterans
General Hospital, Taipei, Taiwan, Taipei Veteran General
Hospital, Taipei, Taiwan, National Chiao Tung University, HsinChu, Taiwan
Background: The difference of sympathetic neuromodulation
effect between radiofrequency catheter ablation (RFCA) and
cryoablation (CBA) in AF is unclear.
Objective: The study aimed to investigate the changes of skin
sympathetic nerve activity (SKNA) before & after AF ablation
receiving different energy sources.
Methods: Of 40 patients with drug-refractory symptomatic
AF, 26 received RFCA &14 CBA. The SKNA was continuously
recorded for 10 min during resting from ECG lead I configuration
(ECG-SKNA) & bipolar electrodes on the right arm (EMG-SKNA)
1 day before & after ablation.
Results: All patients (60±10 y/o, 36 males) received PVI in
the index procedure. 13 (12 in RFCA Gr) received additional
substrate modifications & 5 received SVC isolations (All in
RFCA Gr). Before ablation, average ECG-SKNA & EMGSKNA were similar between RFCA & CBA,respectively (Table).
Surges of SKNA (sSKNA) were similar between 2 groups, &
were associated with the onset of burst APCs. The amplitude of
sSKNA was higher in that with, when compare to that without
APC. After ablation, average SKNA elevated, compared to
before ablation. Additionally, those with CBA had a significant
higher average SKNA that that with RFCA. Continuous elevation
of SKNA were frequently observed in those after CBA. There
was higher amplitudes of sSKNA without APC, especially in CBA
Gr. Detailed data are shown in Table.
Conclusion: Immediate augmentation of sympathetic activity is
demonstrated following AF ablation with concomitant increasing
sSKNA amplitude, and is more prominent after CBA than RFCA.
Careful monitoring and handling this sympathetic hyperactivity is
important in order to prevent early arrhythmogenic recurrence.
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S-PO04-137
NON-THERMAL ASSESSMENT VIA TEMPERATURE
MEASUREMENTS AT TISSUE INTERFACE DURING
INTRACARDIAC PULSED FIELD ABLATION

S-PO04-136
PRE-CLINICAL COMPARISON OF A NOVEL SEMIAUTOMATED LASER ABLATION TO STANDARD LASER OR
RF ABLATION FOR PULMONARY VEIN ISOLATION
Kenji Kuroki, MD, Jacob S. Koruth, MBBS, MD, Jin Iwasawa,
MD, Marc A. Miller, MD, Subbarao Choudry, MD, William
Whang, MD, FHRS, Aamir A. Sofi, MD, J. Anthony Gomes, MD,
Marie-Noelle S. Langan, MD, Srinivas R. Dukkipati, MD, FHRS,
Petr Neuzil, MD and Vivek Y. Reddy, MD. Mount Sinai Hospital,
New York, NY, Na Homolce Hospital, Prague, Czech Republic

Background: Visually-guided laser balloon ablation (VGLA;
Cardiofocus Inc.) requires manual rotation of the laser to create
overlapping 20 sec lesions. A novel semi-automated VGLA was
designed to improve efficiency and eliminate gaps.
Objective: To compare PVI using the semi-automated VGLA
(AC) to manual VGLA (MC) or irrigated RF.
Methods: Swine were ablated using AC (n=3, 13-18W), MC
(n=3, 8.5-12W) or RF (n=3, 25-40W). Ablation doses were varied
within each arm to cover dosing ranges used clinically. Lesions
were delivered around the RSPV. All swine were sacrificed
acutely and a detailed gross evaluation performed after staining
to visualize lesions and assess collateral damage.
Results: PVI was successful in all (9/9) swine. In the AC,
MC and RF arms, a mean of 5.3+5.9 (3.8+1.5kJ), 33.7+10.0
(6.0+1.4kJ) and 28.0+4.4 (23.9+3.6kJ) lesions were placed,
with ablation times of 12.7+15.0, 28.0+12.1 and 25.3+8.4 min.
At necropsy, circumferentiality and transmurality were 98 and
94% in AC, 98 and 81 % in MC, and 100 and 100 % in RF arms.
However, the level of isolation was more distal with RF: the
mean wall thickness was 1.30+0.48 as compared to the VGLA
arms (1.74+1.19mm, p=0.007). RF resulted in greater acute
reductions in PV diameter (-23.2+20.4% vs +0.1+0.7% in AC vs
+0.9+1.0% in MC).
Conclusion: Automated VGLA ablation improved procedural
efficiency by reducing PVI ablation time. This approach holds
promise for reducing ablation and procedure times with improved
circumferentiality rates.

Birce Onal, Brian T. Howard, BS, MS, PhD, Steven J. Fraasch,
Louis Jacob, Trenton J. Rehberger, Qin Zhang, Lynn A.
Davenport and Mark T. Stewart, BSME. Medtronic, MN,
Medtronic, Hugo, MN, Medtronic, Minneapolis, MN, Medtronic
Inc., AF Solutions Research, Circle Pines, MN
Background: Irreversible electroporation (IRE) for cardiac
ablation is often referenced as “non-thermal.” While the cell
death mechanism of IRE appears to be attributable to electric
field modification of cell membrane permeability, the application
of high voltages through electrodes in the heart is not inherently
free of heat generation. Substantial temperature increases
must be avoided to prevent gas bubble or embolic coagulum
generation. Thermal effects of IRE have been studied in
other organs but the direct measurement of temperature rise
associated with intracardiac pulsed field ablation (PFA) has not
been evaluated.
Objective: The objective of this study is to evaluate the
temperature at the tissue interface while performing intracardiac
PFA.
Methods: PFA was performed with an endocardial catheter in 6
porcine subjects (59.2-80.1Kg) through gold electrodes welded
with T-type thermocouples to directly monitor the temperature
within 1 sec post ablation. An ablation routine capable of
transmural cardiac ablation was used to deliver approximately
44J repeatedly at 3 different targets: in the RPV where typical
PV isolation conditions exist, in the aorta where there is no
cardiac muscle with higher flow and cooling may be maximized,
and in the RAA where flow and heat transfer were expected to
be minimized.
Results: Electrode temperature rises from intrinsic baseline
temperature were measured within 1 sec post ablation to be
4.95 ± 2.52 °C (N=765) in the RPV, 1.04 ± 0.64 °C (N=192) in
the aorta, and 5.00 ± 1.83 °C (N=191) in the RAA from baseline.
No thermal coagulum was observed on the electrodes postintracardiac delivery.
Conclusion: The non-thermal nature of PFA deliveries may
minimize thermal effects of cardiac ablation such as steam
pops, coagulum, and char. This is the first reported precision
measurement of endocardial ablation temperatures in near
real-time associated with PFA application. The presence of
minor heat generation from 44J deliveries was confirmed.
These temperature rises indicate insufficient heat to produce
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hyperthermal ablation or microemboli at the electrode interface
or deeper within endocardial tissue. As IRE parameter sets are
explored for cardiac applications, local heating needs to be
characterized and understood for such systems.

S-PO04-139

S-PO04-138

Seigo Yamashita, MD, Michifumi Tokuda, MD, Eri Okajima,
Hidenori Sato, Hirotsugu Ikewaki, Hirotsuna Oseto, Masaaki
Yokoyama, Ryota Isogai, Kenichi Tokutake, Kenichi Yokoyama,
MD, Ryohsuke Narui, MD, Mika Kato, Shinichi Tanigawa, MD,
Seiichiro Matsuo, Satoru Miyanaga, Kenichi Sugimoto, MD,
Michihiro Yoshimura and Teiichi Yamane, MD, PhD, FHRS. The
Jikei University School of Medicine, Tokyo, Japan, The Jikei
University School of Medicine, Yokohama, Japan, The Jikei
University School of Medicine, Shibakouen Minatoku Tokyo,
Japan, The Jikei University School of Medicine, Jikei University
School of Medicine, Tokyo, Japan, Vanderbilt University Medical
Center, Nashville, TN, Jikei Univ School Of Med, Tokyo, Japan,
Jikei Hospital, Tokyo, Japan, Jikei Univ School of Medicine,
Tokyo, Japan

TIME-TO-ISOLATION PREDICTS SINGLE-SHOT
PULMONARY VEIN ISOLATION DURING CATHETER
ABLATION USING A RADIOFREQUENCY BALLOON

Aamir A. Sofi, MD, Amin Al-Ahmad, MD, FHRS, CCDS, Ian G.
Crozier, MBChB, MD, FHRS, Audrius Aidietis, MD, Gediminas
Rackauskas, MD, Darren A. Hooks, Petr Neuzil, MD, Srinivas
R. Dukkipati, MD, FHRS and Vivek Y. Reddy, MD. Icahn School
of Medicine at Mount Sinai, New York, NY, Texas Cardiac
Arrhythmia Institute, Austin, TX, Canterbury Health Limited,
Christchurch, New Zealand, Department of Cardiovascular
Medicine, Vilnius University, Santariskiu Klinikos, Vilnius,
Lithuania, Dept of Cardiology, Wellington, New Zealand, Na
Homolce Hospital, Prague, Czech Republic, Mount Sinai
Hospital, New York, NY
Background: Single-shot radiofrequency (RF) ablation devices
can easiliy and quickly create contiguous transmural lesions for
pulmonary vein isolation (PVI) . Luminize (Boston Scientific Inc)
is a multipolar RF balloon incorporating a camera for visualizing
the 18 ablation electrodes. The balloon also has 12 bipolar
sensing microelectrodes electrodes for on-line electrogram
(EGM) monitoring.
Objective: To evaluate the time to isolation (TTI) as a predictor
of successful PVI during first pass ablation..
Methods: Twelve patients with paroxysmal AF underwent
PVI with Luminize. Multipolar ablation was performed at
electrodes determined to have good visual contact. For each RF
application, power and duration were set to 8-10W and 30-60
sec. RF balloon EGM attenuation was used to ascertain TTI. PVI
was later confirmed with a circular mapping catheter.
Results: PVI was achieved in 48 of 48 PVs (100%), requiring
1.3± 0.6 multipolar RF applications (1 application for 32 PVs,
2 for 11 PVs, and 3 for 2 PVs). In 6 PVs, low amplitude EGMs
prevented TTI detection and in another 4, PVI was not achieved
with the first application; these were not included in the analysis.
Single shot PVI occurred in 32 of 38 analyzed veins (76%). The
TTI for PVs that isolated and remained isolated (n=32) was 8.6±
6.3 sec, while the TTI for PVs that isolated but then reconnected
(n=6) was 17.7 ± 5.7 seconds (The time to isolation is a reliable
predictor of first pass PV isolation with the Luminize multi-polar
RF balloon catheter (P = 4.8 * 10^-4, Wilcoxon Rank Sum Test).
Every reconnected lesion had a TTI > 10 sec.
Conclusion: Time to isolation is a reliable predictor of first pass
PV isolation with the Luminize multi-polar RF balloon catheter.

RISK OF CORONARY SINUS STENOSIS AFTER
EPICARDIAL RADIOFREQUENCY ABLATION IN PATIENTS
WITH ATRIAL FIBRILLATION

Background: Epicardial ablation within coronary sinus (CS) is
often required for establishing mitral isthmus block. However, a
risk for CS stenosis is unclear.
Objective: To investivate a risk of CS stenosis after epicardial
ablation.
Methods: We studied 126 atrial fibrillation (AF) patients who
underwent the redo procedure after AF ablation requiring the
additional epicardial ablation inside the CS for establishment of
mitral isthmus line during the first procedure. CS venography
was performed at the beginning of the each procedure in all
cases. The CS stenosis was defined as >50% reduction of CS
diameter comparing with the baseline (Figure).
Results: In this population, 12% (15/126) of patients
demonstrated asymptomatic CS stenosis after the epicardial
ablation. Baseline CS diameter was significantly smaller, and
BNP value was significantly lower in patients with CS stenosis
than those without (4.1±0.7 vs. 6.2±1.3; P<0.001, 66±53 vs.
117±120; P=0.01, respectively). Whereas, total radiofrequency
time and energy of epicardial ablation were not associated with
the occurrence of CS stenosis (4.8±4.3 vs. 4.8±3.1 min; P=0.95,
6,045±5,830 vs. 6,150±4,131 J; P=0.95, respectively). No major
complication was observed during the epicardial ablation in this
study.
Conclusion: Epicardial ablation within the CS has a risk of CS
stenosis especially in case with narrower CS and lower BNP
value. Baseline CS venography might be helpful to predict the
patients with higher risk of CS stenosis.
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S-PO04-140
USEFULNESS OF A RAPIDLY ACTIVATING DELAYED
RECTIFIER POTASSIUM CHANNEL BLOCKER FOR
ABLATION OF NON-PULMONARY VEIN ECTOPIES THAT
ARE UNMAPPABLE DUE TO EASILY INITIATED ATRIAL
FIBRILLATION
Masaharu Masuda, MPH, PhD, Takashi Kanda and Yasuhiro
Matsuda, MD. Kansai Rosai Hospital, Kansai Rosai Hospital,
Hyogo, Japan, Kansai Rosai Hospital, Amagasaki, Japan

Background: When atrial fibrillation (AF) is initiated by a single
or several non-pulmonary vein (PV) trigger ectopic beats,
mapping the ectopy is often difficult, requiring a number of
electrical cardioversion applications. Nifekalant is a rapidly
activating delayed rectifier potassium channel (IKr) blocker
which may suppress AF initiation without inhibiting ectopy
development, thereby allowing the target ectopy to be mapped.
Objective: To assess the efficacy of nifekalant in the ablation of
non-PV ectopies that are unmappable due to easily initiated AF.
Methods: Eight consecutive patients were administered
nifekalant to map a non-PV ectopy that was unmappable using
a conventional method due to easily initiated AF. Nifekalant was
intravenously administered as a bolus dose of 0.2 mg/kg, and
electrical cardioversion was delivered. Additional boluses of
0.2 mg/kg were repeatedly administered until AF initiation was
prevented or until the appearance of significant prolongation of
QT interval.
Results: AF suppression without inhibition of ectopy
development was achieved in 5 patients (Figure). These patients
had a higher rate of acute elimination of the ectopy than the
remaining 3 patients without AF suppression (5 [100%] vs. 0
[0%] patients, p = 0.018). In addition, patients with suppression
of AF initiation had a higher AF recurrence-free rate than those
without (5 [100%] vs. 0 [0%] patients, p = 0.018).
Conclusion: Nifekalant administration appears useful in the
ablation of non-PV ectopies that easily initiate AF.

Hospital Magdeburg, Magdeburg, Germany
Background: Intrinsic cardiac autonomic system is implicated
in the pathogenesis of atrial fibrillation (AF). Some studies
demonstrated better outcomes after adjunctive ablation of the
left atrial (LA) ganglionated plexi in patients receiving pulmonary
vein isolation (PVI) for AF. Shortening of the corrected sinus
node recovery time (CSNRT) was also observed after PVI.
Objective: To evaluate the changes in the autonomic atrial
innervation after circumferential PVI in relation with the
procedural outcomes
Methods: Patients referred for PVI were prospectively enrolled.
CSNRT was measured in sinus rhythm as the first interval
after continuous pacing from the coronary sinus ostium minus
the baseline sinus cycle length (BCL). All measurements were
performed before (1) and after (2) completion of PVI under
conscious sedation.
Results: Fifty patients undergoing circumferential PVI were
recruited. After successful PVI, CSNRT shortening was observed
in 30 patients: CSNRT1 409 ± 324 vs CSNRT2 287 ± 121
msec; P=0.024; while CSNRT prolongation was observed in 20
patients: 254 ± 146 vs. 337 ± 128 msec; P=0.032. Importantly,
BCL remained unchanged after PVI in comparison to the
preablation values: BCL1 670 ± 185 vs. BCL2 675 ± 147 msec;
P=0.56. During 1 year follow-up, AF recurrences occurred in
10 patients, of them 3 (30%) were in the group with CSNRT
shortening, and 7 (70%) in the group with CSNRT prolongation;
P =0.031. In those with AF recurrence the median ΔCSNRT2-1
was 67 (22; 125) msec. versus median ΔCSNRT2-1 of - 75
(-152; - 40) msec. in the group without AF recurrence.
Conclusion: Circumferential PVI can cause changes of
the CSNRT independent from the heart rate. Most patients
with AF recurrence after PVI show acute prolongation of the
CSNRT after PVI, while those without AF recurrences exhibit
shortening of the CSNRT. We suggest that uneven ablation of LA
ganglionated plexi during the PVI may explain this effect.

S-PO04-142
ANATOMICAL INVESTIGATION OF THE SINUS NODE
ARTERY AND THE RADIOFREQUENCY APPLICATION
SITES FOR CATHETER ABLATION OF ATRIAL
FIBRILLATION

Tomomichi Suzuki, MD, Daizo Ishihara, MD and Shigeki
Kobayashi, MD. Department of Cardiology, Inazawa Municipal
Hospital, Inazawa, Japan

S-PO04-141
INCREASE OF THE SINUS NODE RECOVERY TIME AFTER
PULMONARY VEIN ISOLATION IS ASSOCIATED WITH
RECURRENCE OF ATRIAL FIBRILLATION
Borislav Dinov, MD, Ernestia Soesilo, Tobias Uhe, Clara
Stegmann, Laura Ueberham, Livio Bertagnolli, Sergio Richter,
MD, Nikolaos Dagres, MD, Andreas Bollmann, MD, Gerhard
Hindricks, MD and Jedrzej Kosiuk. Heart Center of Leipzig,
Leipzig, Germany, Heart Center Leipzig, Leipzig, Germany,
Heart Center - University of Leipzig, Leipzig, Germany,
University Leipzig - Heart Center, Leipzig, Germany, Univ

Background: Circumferential pulmonary vein isolation is an
established therapy for selected patients with atrial fibrillation
(AF). Three-dimensional imaging modalities can be useful to
establish the mechanism of a procedure-related complication.
Objective: The purpose of this study was to investigate the
course of the sinus node artery (SNA) and the coronary arterial
injury during catheter ablation of AF.
Methods: In the 254 consecutive patients, the courses of the
SNA were recorded using multislice computed tomography.
Results: The visualization rate was 96.9% (246/254). Of 246
patients, 287 SNAs were detected among which 114 (44.9%)
originated from the right coronary artery, 91 (35.9%) from the left
circumflex (Cx) artery, and 41 (16.1%) from both the right and Cx
artery. Only SNAs originated from the Cx artery coursed along
the left atrium. Only in 2 patients, SNAs coursed endocardial
surface of the left atrium. In one of these 2 patients, sinus node
dysfunction developed just after the ablation of the right superior
pulmonary vein ostium, requiring a permanent pacemaker
implantation. The SNA originated from the distal Cx artery, and
precisely coursed endocardial surface at the radiofrequency
application site. Coronary angiography revealed the occlusion of
the SNA at that site, and the SNA occlusion was presumed the
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cause of the sinus node dysfunction in this patient.
Conclusion: The recognition of the course of the SNA is
important in minimizing the risk of sinus node dysfunction during
catheter ablation of AF.

S-PO04-143
IMPACT OF CRYOBALLOON FREEZE DURATION ON
DURABILITY OF PULMONARY VEIN ISOLATION AND
INSIGHTS FROM RE-MAPPING PROCEDURES:
THE ICE-RE STUDY

Shaojie Chen, MD, PhD, FESC, Boris Schmidt, FHRS, Stefano
Bordignon, MD, Fabrizio Bologna, Laura Perrotta and K.
R. Julian Chun. Cardioangiologisches Centrum Bethanien
Frankfurt am Main, Frankfurt am Main, Germany
Background: Second-generation cryoballoon (CB2) represents
a powerful pulmonary vein isolation (PVI) tool. Recently, the
randomized time-to-effect guided (ICE-T) CB2 strategy targeting
a 240s single freeze demonstrated fast and efficient PVI. To
further optimize safety and efficacy, a shortened 3min freeze
duration has been suggested but PVI durability remains unclear.
Objective: To compare ICE-T guided 240s vs. 180s freeze
protocol for PVI in AF in terms of procedural, clinical outcomes
and durability of PVI.
Methods: Between May 2013 and December 2017 all CB2
ablations followed the ICE-T concept (target-freeze: 240s or
180s). Patients undergoing a second procedure for arrhythmia
recurrence were analyzed. Two groups were defined based on
the index freeze duration (group 240s vs. group 180s). In all
repeat procedures a 3D left-atrial map was obtained. Durability
of PVI and localization of conduction gaps were compared.
Results: A total of 106/788 (13%) patients underwent a second
procedure (group 240s: 80/604 vs. group 180s: 26/184) after
a mean of 377 days. There was no difference regarding PV
occlusion and time-to-isolation in index procedure between two
groups. No major complications occurred. During the second
procedure significantly more patients demonstrated durable
isolation of all PVs in group 240 (61% vs 35%, p=0.02) along
with a significantly increased rate of PVI durability (88% vs. 69%,
per vein, p<0.001). Left sided PVs did significantly benefit from
240s freezes (reconnection LSPV: 6% vs 27%, p=0.004, LIPV:
14 vs. 39%, p=0.006).
Conclusion: The ICE-T strategy is associated with a high
rate of durable PVI in patients with ATa recurrence. Target
freeze duration of 240s vs. 180s is associated with significantly
increased lesion durability, particularly at left sided PVs, without
increasing complications.
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promote atrial fibrillation (AF) due to its propensity for fibrosis, in
addition to a high prevalence of non-pulmonary vein triggers and
rotors. Multiple smaller studies have assessed the incremental
value of posterior wall isolation (PWI) in addition to pulmonary
vein isolation (PVI). This method has shown promise as an
ablation strategy for patients with persistent AF when PVI alone
has shown modest efficacy.
Objective: To compare clinical outcomes of occurrence of all
atrial arrhythmias, AF and atrial tachycardia/atrial flutter (AFL/
AT), after ablation with PVI versus PVI plus PWI
Methods: We performed a systematic review of MEDLINE, the
Cochrane, and Embase for studies that compared PVI vs PVI
plus PWI. We assessed the clinical outcome /occurrence rates
of all atrial arrhythmias, AF, and AFL/AT, and after ablation. Risk
ratio (RR) 95% confidence intervals were measured using the
Mantel- Haenszel method. The random effects model was used
due to heterogeneity (I2) > 25%.
Results: Seven studies with a total of 1,151 patients were
included. Patients who underwent PWI in addition to PVI
experienced less occurrence of all atrial arrhythmias (RR 0.77;
95% CI, 0.62-0.96) and AF (RR 0.55; 95% CI, 0.39-0.77). There
was no difference in onset of AT/AFL (RR 0.97; 95% CI, 0.641.47) after ablation.
Conclusion: Based on the results of this meta-analysis, PWI in
addition to PVI is associated with less recurrent AF and all atrial
arrhythmias after ablation, without an increase in the risk for
post-ablation AFL/AT. PWI should be considered in patients with
persistent AF.

S-PO04-144

S-PO04-145

POSTERIOR WALL ISOLATION AS AN ADJUNCTIVE
THERAPY TO PULMONARY VEIN ISOLATION REDUCES
RECURRENCE OF ALL ATRIAL ARRHYTHMIAS- A
SYSTEMATIC REVIEW AND META-ANALYSIS

PREDICTORS OF LEFT VENTRICULAR FUNCTION
RECOVERY AFTER RADIOFREQUENCY ABLATION OF
ATRIAL TACHYARRHYTHMIA: IMPLICATION OF BASELINE
ECHOCARDIOGRAPHIC PARAMETERS AND STRUCTURAL
ABNORMALITY

Florentino Lupercio, MD, Andrew Y. Lin, MD, Omar M.
Aldaas, MD, Jorge Romero, MD, FHRS, Kurt S. Hoffmayer,
MD, PharmD, Frederick T. Han, MD, FHRS, Gordon Ho, MD,
David E. Krummen, MD, FHRS, Gregory K. Feld, MD, FHRS
and Jonathan C. Hsu, MD, FHRS. University of California
San Diego, San Diego, CA, Montefiore Medical Center/Albert
Einstein College of Medicine, NY, University of California San
Diego, CA, UCSD and VA Medical Centers, Del Mar, CA,
University of California, San Diego, Cardiac Electrophysiology
Section, La Jolla, CA
Background: The posterior wall of the left atrium shares the
same embryological origin than the pulmonary veins and may

Min Soo Cho, MD, Kee-Joon Choi, MD, Ungjeong Do, Jun
Kim, Gi-Byoung Nam, MD and You-Ho Kim, MD, FHRS. Asan
Medical Center, Seoul, Republic of Korea, Asan medical center,
Seoul, Republic of Korea, Asan Medical Center, Dept Of Internal
Medicine and Cardiology, Seoul, Republic of Korea
Background: Radiofrequency catheter ablation (RFCA) has
recently been highlighted for its excellent efficacy in patients with
atrial tachyarrhythmia and decreased left ventricular ejection
fraction (LVEF).
Objective: We tried to identify the optimal candidates for the
RFCA accompanying LVEF improvement
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Methods: Clinical data of 62 patients with moderate-severe
LV dysfunction (mean 58.2 years, 60.8% male, 87.2% atrial
fibrillation), out of 1250 patients who underwent RFCA for atrial
tachyarrhythmia in our center were evaluated. Decreased LVEF
was graded as moderate (30-40%), and severe (<30%). LV
recovery was defined as at least 1 grade improvement of LVEF
in follow-up echocardiography (median 3 months)
Results: Mean LVEF before ablation was 34.9±6.8% which
was increased to 49.7±11.0% in follow-up. LV recovery after
RFCA was noted in 50 patients (80.6%). Patients with recurrent
atrial tachyarrhythmia at the time of follow-up echocardiography
(failed RFCA) showed lower rate of recovery compared to
with sinus rhythm (85.7% vs. 20.0%, p=0.011). There was no
significant difference in rate of LV recovery between those with
or without structural abnormalies (83.3% vs. 76.9%, p=0.528).
In the logistic regression model, left ventricular end-diastolic
dimension ≥ 55mm and high peak tricuspid regurgitation velocity
(≥2.9 m/s) were independent predictors of LV recovery failure.
The predictive model based on number of risk factors showed
excellent performance for predicting LV recovery failure (AUC
0.811, 95% CI 0.711-0.910).
Conclusion: Baseline echocardiographic parameters were
useful for predicting LV recovery after RFCA in patients with
atrial tachyarrhythmia and decreased LVEF.

the study period, and 2418 (79.1%) were discharged on the
same day of ablation. In the remaining 636 (20.8%), the common
reasons for failure of same-day discharge were late procedure
finish (152/636, 23.9%),access site problems (145/636, 22.8%),
intraprocedural complications (64/636, 10.1%), and anesthesiarelated problems (56/636, 8.8%).
In multivariate analysis, increasing age, female sex, cryoballoon
ablation, procedural complication and procedure time were
predictors of failure of same-day discharge (figure).
Conclusion: Same-day discharge after ablation of AF can be
accomplished for the majority of patients. Certain factors, such
as age, sex and timing of procedure can identify patients more
likely to require admission.

S-PO04-147
RELATIONSHIP BETWEEN CATHETER ABLATION
PROCEDURE AND GASTRIC HYPOPERISTALSIS FOR
ATRIAL FIBRILLATION

S-PO04-146
THE BRITISH COLUMBIA EXPERIENCE WITH SAME-DAY
DISCHARGE AFTER ATRIAL FIBRILLATION ABLATION

Marc W. Deyell, MD, MSci, FHRS, Jacqueline Forman, MSN,
CNS, RN, Richard A. Leather, BS, MD, Laurent Macle, MD,
FHRS, Paul Khairy, MDCM, PhD and Jason G. Andrade, MD,
FHRS. University of British Columbia, Vancouver, BC, Canada,
St. Paul’S Hospital, North Vancouver, BC, Canada, University of
British Columbia, Victoria, BC, Canada, Montreal Heart Institute,
Montreal, QC, Canada
Background: Catheter ablation of atrial fibrillation (AF) is the
most common ablation procedure, often requiring at least an
overnight hospital stay. The increasing volume of AF ablation
is placing demands on hospital resources. In response, our
institutions developed a same-day discharge protocol for AF
ablation.
Objective: This study evaluated the efficacy of a same-day
discharge protocol after AF ablation and identified barriers to
discharge.
Methods: This cohort study included all patients undergoing AF
ablation at St. Paul’s Hospital (Vancouver) and Royal Jubilee
Hospital (Victoria) from 2010-2015. Patients were discharged
if they met post-anesthesia and hemostasis requirements. All
sheaths were removed in the lab and no closure devices were
used. The primary endpoint was successful same-day discharge.
Reasons for discharge delay and predictors of discharge delay
were evaluated.
Results: A total of 3054 patients underwent AF ablation during

Jun Oikawa, Hidehira Fukaya, MD, PhD, Jun Kishihara, MD,
PhD, Takuya Wada, MD, PhD, Gen Matsuura, MD, Yuki
Arakawa, MD, Shuhei Kobayashi, MD, Yuki Shirakawa, MD, Ai
Horiguchi, MD, Ryo Nishinarita, MD, Naruya Ishizue, MD, PhD,
Gen Igarashi, MD, PhD, Chikatoshi Katada, MD,PhD, Satoshi
Tanabe, MD, PhD, Shinichi Niwano and Junya Ako. Department
of Cardiovascular Medicine, Kitasato University School of
Medicine, Sagamihara, Japan, Department of Gastroenterology,
Kitasato University School of Medicine, Sagamihara, Japan,
Research and Development Center for New Medicine Frontiers,
Kitasato University School of Medicine, Sagamihara, Japan
Background: Esophageal ulcer or gastric hypoperistalsis are
possible complications of catheter ablation (CA) for AF. However,
it is unclear what clinical background or CA procedure influence
gastric hypoperistalsis.
Objective: We sought to elucidate the relationship between
CA procedure and gastric hypoperistalsis evaluated by
gastrointestinal endoscopy.
Methods: The study population consisted of 255 patients who
were treated with CA for AF during November 2017 to October
2018. Finally, 191 patients were enrolled who underwent
gastrointestinal endoscopy after the index CA, which was
performed the next day after CA, with at least 12 hours of
fasting. Gastric hypoperistalsis was defined as found food in the
stmach.
Results: The median age was 68 (59 - 74) years old with 34%
of females. Gastric hypoperistalsis in the patients performed
CA were seen in 27% of patients in this study, which was
significantly more frequent than general populations (1.7%).
According to the type of procedure, there was no significant
difference in the occurrence of gastric hypoperistalsis between
the patients underwent a radiofrequency ablation (n = 119) and
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those with cryoballoon ablation (n = 72) (27.7% vs. 27.8%, p
= 0.99). However, in the radiofrequency ablation, the patients
who underwent additional posterior wall ablation with pulmonary
vein isolation (n = 31) showed higher prevalence rate of gastric
hypoperistalsis than those with only pulmonary vein isolation (n
= 88) (54.8% vs. 18.2%, p < 0.0001).
Conclusion: Additional posterior isolation with PVI was
associated with gastric hypoperistalsis.

S-PO04-148
INCIDENCE OF CEREBRAL INFARCTIONS AFTER
PULMONARY VEIN ISOLATION FOR TREATING ATRIAL
FIBRILLATION UTILIZING THE HEARTLIGHT LASERBALLOON ABLATION SYSTEM

Tatsuhiko Hirao. Hirao, MD, Kaoru Okishige, MD, PhD, Yasuteru
Yamauchi, MD, PhD, Hiroshi Yoshida, MD, Takuro Nishimura,
Rena Nakamura, MD, Takatoshi Shigeta, Atsuhito Oda, Tetsuo
Sasano, MD, Masahiko Goya, MD and Kenzo Hirao, MD.
Yokohama City Bay Red Cross Hospital, Yokohama, Japan,
Tokyo Medical and Dental University, Tokyo, Japan, Heart
Rhythm Center, Tokyo Medical and Dental University, Tokyo,
Japan, Tokyo Medical & Dental Univ, Dept of Cardiovascular
Medicine, Tokyo, Japan
Background: Visually guided laser-balloon ablation (LBA) has
recently been introduced for pulmonary vein (PV) isolation (PVI)
to treat paroxysmal atrial fibrillation (PAF). However, there are
few reports on the incidence and severity of creating cerebral
ischemic lesions (SCILs) associated with the LBA.
Objective: We investigated the safety of the LBA by examining
the incidence and severity of the SCILs with cerebral magnetic
resonance imaging (MRI) and neurological examinations.
Methods: We enrolled patients with PAF undergone a PVI
with the LBA. Cerebral MRI and neurological examinations
were performed on the day following the LBA procedure. We
analyzed the clinical patient characteristics such as the gender,
age, CHA2DS2-VASc score, interrupted or uninterrupted
anticoagulation medications during peri-operative procedural
period (IUIAM), left ventricular ejection fraction (LVEF), left
atrium diameter (LAD), and clinical parameters during the
LBA procedure such as the activated clotting time (ACT),
administered dosage of heparin and protamine (DHP), incidence
of laser-balloon ruptures (IBRs), total LBA procedure time
(TAPT), usage of direct current cardioversion (UDC), and total
energy of the LBA (TELBA) between those with and without
SCILs in order to find a predictor of SCILs using uni- and
multivariate regression analyses (MRAs).
Results: We enrolled 91 paroxysmal atrial fibrillation patients
(average age=62.7, male=56) that underwent PVI with the LBA.
Out of 91, 57 patients consented to undergo a cerebral MRI
and it depicted micro-cerebral infarction lesions in 12 patients
(32.4%, an average number of 1.5 lesions per patient, average
area of the lesion=0.24cm2). All patients were free from any
symptomatic focal neurological deficits. None of the clinical
parameters such as the age, gender, CHA2DS2-VASc score,
LVEF, LAD, ACT, IUIAM , DHP, IBR, TAPT, UDC, and TELBA
was a predictor of SCILs analyzed by the MRAs.
Conclusion: Following the LBA procedure, SCILs were detected
in 32.4% of patients, which were not associated with any
neurological symptoms. Further investigation will be required to
prevent SCILs provoked by the LBA.
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OUTCOMES OF ATRIAL FIBRILLATION ABLATION IN THE
YOUNG - A NATIONWIDE ANALYSIS
Naga Venkata Krishna Chand Pothineni, MD, Dinesh C.
Voruganti, MBBS, Ghanshyam Palamaner Subash Shantha,
MD, MPH, Kanishk Agnihotri, MBBS, MD, Hakan Paydak,
MD, FHRS and Abhishek J. Deshmukh, MD, FHRS. Univ
of Arkansas for Medical Sciences, Little Rock, AR, Internal
Medicine, Coralville, IA, University of Michigan, Ann Arbor, MI,
University of Arkansas for Medical Sciences, Little Rock, AR,
University of Arkansas for Medical Sciences Program, Little
Rock, AR, Mayo Clinic, Rochester, MN

Background: Incidence of Atrial fibrillation (AF) has been on the
rise with increasing prevalence in younger patients (<50 years
old). Data on outcomes of AF ablation in this cohort is sparse.
Objective: We sought to examine utilization and complications
of AF ablation in patients <50 years of age and compare
complication rates with ablations done in patients >50 years.
Methods: Using weighted sampling in the largest inpatient
health database in the United States (National Inpatient
Sample), we evaluated data from patients with a primary
procedure of AF ablation from 2005 to 2014. Rates of in-hospital
procedural complications were analyzed and compared between
patients <50 years with those >50 years old.
Results: We identified a total of 112,998 AF ablations in the
study period. Patients <50 years old constituted 14% of all
ablation procedures (n=15,832), of which 81.4% were privately
insured. Younger patients had significantly lower mean lengths
of stay (1.97 vs 2.38 days, p<0.001), compared to patients > 50
years of age. Rates of in-hospital complications such as vascular
injury, post-operative stroke and cardiac tamponade were
significantly lower in the younger patient cohort compared with
patients >50 years (Table).
Conclusion: Patients <50 years constitute one-sixth of all AF
ablations performed in the United States. This cohort of patients
appear to have extremely low rates of procedural complications
compared to patients >50 years. Given the low complication
rates, a lower threshold to offer ablation to younger patients with
AF as first line therapy may be reasonable and needs further
study.

S-PO04-150
MALIGNANT PURKINJE ECTOPY INDUCED BY SODIUMCHANNEL BLOCKER - A REPRODUCIBLE AND
CLINICALLY RELEVANT TEST

William Escande, Jean Baptiste Gourraud, MD, Josselin
Duchateau, MS, Jose Luis. Merino, MD, PhD, Xavier Waintraub,
MD, Ghassen Cheniti, MD, Estelle Gandjbakhch, M.D.,
Christophe I. Leclercq, MD, Thomas Lavergne, MD, AnneMarie Chac, Jean-Sylvain Hermida, MD, Philippe Maury, MD,
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Bordeaux, France, Centre Hospitalier Universitaire de Nantes,
Nantes, France, Hopital Cardiologique du Haut Leveque - IHU
Lyric - CHU de Bordeaux, Bordeaux, France, La Paz University
Hospital, Madrid, Spain, Hopital Pitie Salpetriere, Paris,
France, APHP Pitié Salpêtrière Hospital Cardiology Institute,
Paris, France, CHRU Pontchaillou, Rennes, France, Hopital
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Background: Sodium-channel blockers are used to unmask
Brugada phenotype. The occurrence of malignant Purkinje
ectopies in the absence of Brugada pattern has not been
described.
Objective: To evaluate the incidence and relevance of Purkinje
ectopy induced during sodium-channel blocker test.
Methods: We report 12 patients (7 males, mean age 33±16
years) referred for idiopathic VF (8) or syncope (4). Screening
for structural or ischemic cardiomyopathy was normal. ECG
showed normal repolarization and no arrhythmia occurred during
Isoprenalin and Adrenalin tests. Conventional Ajmaline (N=11,
1mg/kg body weight) or Flecainide (N=1, 2mg/kg) tests were
performed.
Results: No patient showed a Brugada pattern on Na blocker.
The test provoked R-on-T ectopies (at 204±77 sec after
injection) with an incidence of 4% in our idiopathic VF cohort.
Mean coupling interval was 295±39 ms, shorter than reported in
Brugada syndrome (388±28ms). Three patients developed VF
or polymorphic VT. Invasive mapping in 6 patients demonstrated
a Purkinje origin for all ectopies (fig.). The test was reproducible
in the 7 patients undergoing a repeat test. The 4 patients with
syncope as the initial symptom were implanted with an ICD
and later presented spontaneous VF, suggesting a high clinical
relevance.
Conclusion: Sodium-channel blocker challenge may
reproducibly unmask Purkinje ectopies in some patients with
malignant arrhythmias, which may be the only test to reveal
arrhythmia. This has clinical implications for the identification of
patients at risk.

S-PO04-151
SIGNATURES OF COMMUNICATION NETWORK
TOPOLOGY ASSOCIATED WITH SPONTANEOUS
TERMINATION OF VENTRICULAR FIBRILLATION

Ghassen Cheniti, MD, Hiroshi Ashikaga, MD, PhD, FHRS,
Stephane Puyo, PhD, Josselin Duchateau, MS, Arnaud Denis,
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Institute, Bordeaux, France, Johns Hopkins University School
of Medicine, Baltimore, MD, LIRYC Institute, Pessac cedex,
France, LIRYC, Talence, France, CHU Bordeaux, Pessac
Cedex, France, IHU Liryc-Bordeaux University, Pessac, France,
Papworth Hospital NHS Foundation Trust, Cambridge, United
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University Hospital (CHU), Bern, Switzerland, LIRYC Institute,
Pessac,Bordeaux, France, LIRYC Institute, Japan, CHU
Bordeaux, IHU Lyric, Université de Bordeaux, Bordeaux, France,
LIRYC Institute - Hôpital Haut Lévêque, Pessac Cedex, France,
Deutsches Herzzentrum, Munich, Germany, Centre Hospitalier
Universitaire, Poitiers Cedex, France, Hopital Cardiologique
du Haut-Leveque, Pessac, France, LIRYC Institute/ Bordeaux
University Hospital, Bordeaux, France, LIRYC Institute, Pessac,
France, Universite de Bordeaux, Bordeaux, France, IHU LIRYC,
Pessac, France, LIRYC Institute, Boulogne-Billancourt Cedex,
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Background: The mechanism of spontaneous termination
of ventricular fibrillation (VF) remains unknown. Viewing
fibrillation as disintegrated action potential transmission within a
communication network, earlier work showed that spontaneously
terminating atrial fibrillation is associated with network topology
that facilitates synchronization
Objective: Identify markers of spontaneously terminating VF
using network analysis
Methods: We analyzed 14 episodes of VF. Each spontaneously
terminated VF (N=7) was compared to cardioverted VF (N=7)
that occurred in the same patient. Unipolar signals were
recorded using a 252-lead body surface map. We defined
undirected networks of VF by nodes (each lead) and edges
(mutual information between pairs of nodes) over the body
surface map and its inverse solution over the epicardium
Results: Spontaneously terminated VF had a significantly
longer cycle length (195 +/-17 vs. 170+/-23 msec, p=0.01).
Over time, both the local (average clustering coefficient;
4.01 to 3.99, p<0.001) and global connectivity of the network
(characteristic path length; 1.5 to 1.42, p<0.001) improved in
nonsustained VF. As a result, the efficiency and robustness of
the network improved (small-world index; 2.74 to 2,78, p= 0.05)
and the network became more prone to synchronize (Laplacian
eigenvalue; 139 to 127, p<0.001). In contrast, changes in the
opposite direction were observed in sustained VF (Fig C)
Conclusion: Network analysis provides markers that anticipate
the spontaneous termination of VF. Signatures of network
synchronization may be incorporated into ICD discrimination
algorithms to reduce ICD firing in patients with VF
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ROC curve with 10 msec showed AUC of 0.880, sensitivity of
0.800, and specificity of 0.800.
Conclusion: The difference of QRS durations between VT
and ENDO paced beat near VT origin differentiated EPI from
ENDO VT origin. This new maneuver may be useful to suggest a
probable EPI origin prior to EPI access.

S-PO04-153
ELECTROCARDIOGRAPHIC CHARACTERISTICS OF THE
ONSET OF INDUCED VENTRICULAR FIBRILLATION

Juan José Sánchez-Muñoz, MD. University Hospital Virgen de
la Arrixaca, Arrhythmias Unit. Department of Cardiology, Murcia,
Spain

S-PO04-152
DIFFERENCE OF QRS DURATIONS BETWEEN
VENTRICULAR TACHYCARDIA AND ENDOCARDIALLY
PACED BEAT NEAR ITS ORIGIN TO IDENTIFY EPICARDIAL
ORIGIN: “USING THE PATIENT AS THEIR OWN CONTROL”
Jaeseok Park, MD, Saman Nazarian, MD, PhD, FHRS,
Shuanglun Xie, MD, Irene Lucena-Padros, MD, Tatsuya
Hayashi, MD, PhD, Maciej Kubala, MD, Jackson J. Liang,
DO, Erica S. Zado, PAC, FHRS, Pasquale Santangeli, MD,
David S. Frankel, MD, FHRS, David J. Callans, MD, FHRS,
CCDS and Francis Marchlinski, MD, FHRS. Mediplex Sejong
Hospital, Incheon, Republic of Korea, Hospital of the University
of Pennsylvania, Philadelphia, PA, Hospital of the University of
Pennsylvania, Washington Crossing, PA

Background: Previous surface ECG criteria regarding VT exit or
origin (marked as origin below) may not be applied uniformly to
all ventricular regions or ischemic cardiomyopathy. Endocardial
(ENDO) pacing criteria to identify epicardial (EPI) VT origin have
not been studied.
Objective: We hypothesized if the origin of VT is ENDO, the
QRS duration of VT should be similar to the QRS duration of
ENDO paced beat at the approximate origin. In contrast, if the
origin of VT is EPI, the QRS duration of VT should be longer
than the QRS duration of adjacent ENDO paced beat.
Methods: After identifying the approximate ENDO origin that
best matched the QRS morphology of VT, we compared the
QRS duration of paced beat with that of patients’ own VT.
Results: Thirty eight patients (age 56.4±15.6 years, ejection
fraction 43.4±16.0%) undergoing ENDO or EPI catheter ablation
for VT and cardiac MRI in 2015 were included. Underlying
substrates for VT were ischemic cardiomyopathy in 7 patients,
idiopathic in 8 patients, and non-ischemic cardiomyopathy in
23 patients. The VT origin sites (ENDO/EPI) were RVOT free
wall in 3 (2/1) patients, RV free wall in 5 (3/2), LV anterior wall
in 10 (3/7), LV lateral wall in 14 (7/7), and LV posterior wall in 6
(5/1). There were no differences for the VT QRS duration and
precordial maximum deflection index (MDI) between the ENDO
and EPI origin for the entire group. However, the difference of
QRS durations between the VT and ENDO paced beat was
higher in EPI origin group than in ENDO origin group (15.9±11.9
vs. 3.1±7.7; p<0.01). ROC curve showed the cut-off value of 10
msec with AUC of 0.814, sensitivity of 0.667 and specificity of
0.800 for identifying EPI origin. When excluding VT patients with
RV origin, the difference of QRS durations was higher in EPI
than ENDO origin group (18.1±11.8 vs. 1.9±7.8; p<0.01) and

Background: Spontaneous Ventricular fibrillation (VF) is
initiated by premature ventricular contraction (PVC) originating in
the right ventricle outflow tract (RVOT) , Purkinje from left or right
ventricle . It is unknown if these structures also participate in the
onset of induced VF.
Objective: Analyze the electrocardiographic characteristics of
the onset of VF induced by programmed electrical stimulation.
Methods: We have analyzed ECG of the onset of VF, first
premature ventricular complex (PVC1) and the second (PVC2)
induced through PES in 8 patients with coronary artery disease
(CAD), and 7 with Brugada Syndrome (BS); 14 males , aged 53
±15 years.
Results: In patients with CAD the mean coupling interval (CI)
between the extrastimuli and PVC1 (S-PVC1) was 237±75 ms
and between PVC1- PVC2: 212±70 ms. The duration of QRS:
PVC 1 187± 35 ms and PVC2 189±32 ms. In patients with BS,
SPVC1: 277± 50 ms; PVC1-PVC2: 217± 28 ms; QRS duration
PVC 1: 207± 32 ms; PVC2: 186 ± 33. Four QRS morphologies
were observed : similar to stimulated QRS (IR); LBBB with late
transition and superior axis (suggesting origin in moderate band
of the right ventricle); RBBB with superior left axis (suggesting
origin in posteromedial papillary muscle PPM) and LBBB with
inferior axis (suggesting origin in RVOT). These morphologies
appear both in PVC1 and PVC2.
Conclusion: The ECG of the onset of induced VF in patients
with CAD and BS shows QRS morphologies that could have
their origin in the moderate band of the right ventricle, the
posteromedial papillary muscle and right ventricle outflow tract.

S-PO04-154
NON-INVASIVE 12 LEAD ECG ASSESSMENT AS
COMPARED TO PHYSICIAN 12 LEAD ECG ASSESSMENT

Jonathan Chrispin, MD, Alexander Mazur, MD, Jeffrey R.
Winterfield, MD, FHRS, Alireza Nazeri, MD, FHRS, Miguel
Valderrabano, MD and Harikrishna Tandri, MD. Johns Hopkins
University School of Medicine, Baltimore, MD, Univ of IA
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Background: Accurate localization of PVC and VT arrhythmias
is difficult and time-consuming. Non-invasive, accurate preprocedural identification of these arrhythmias would be
beneficial, but to date it is unknown if existing ECGi technologies
provide better information that the current standard method of
physician ECG assessment.
Objective: To determine how the accuracy of VIVO™ (Catheter
Precision, Inc., Mt. Olive, NJ, USA) to localize the site of origin
of spontaneous PVC or VT arrhythmias compares to physician
assessment and localization of the same PVC or VT based off a
standard 12 lead ECG.
Methods: For patients undergoing PVC or VT ablation, a
physician assessment of the standard 12 lead ECG was
recorded prior to the ablation procedure. For the same subjects,
a patient specific 3D model of the ventricles and torso were
created from standard MR or CT scans. This model was merged
with a 3D photograph of the standard 12 lead ECG electrode
placement and ECG recordings from the investigational site’s
recording system were uploaded into the VIVO system for
analysis. The final VIVO analysis, identifying the location of
the PVC/VT, was compared to the physician’s assessment of
the 12 lead ECG depicting the same PVC/VT. To determine if
VIVO or the physician was more accurate in the localization of
the PVC/VT, both the physician assessment and VIVO analysis
were compared to the successful ablation location.All data was
reviewed and confirmed by an expert Committee consisting
of three physicians that were not involved with the clinical
evaluation.
Results: VIVO correctly identified the PVC/VT origin as better
or the same than the physician assessment in 43/45 subjects
(95.56%). VIVO was more accurate in localizing PVC and VT
arrhythmias than the physician’s assessment of a standard 12
lead ECG in over 50% of the subjects. Further, the physician
was only better in identifying the PVC/VT location in less than
5% of the subjects.
Conclusion: VIVO may be better able to account for variances
in electrode placement and patient specific anatomy. The
non-invasive system can be used pre-procedurally to assist
in planning an ablation procedure and may be beneficial in
decreasing overall procedure time and increasing ablation
success.

S-PO04-155
OCCURRENCE OF EARLY VENTRICULAR ARRHYTHMIAS
AFTER LEFT VENTRICULAR ASSIST DEVICE
IMPLANTATION IS THE STRONGEST PREDICTOR OF
POST-OPERATIVE MORTALITY: NEW INSIGHT FROM THE
ASSIST-ICD STUDY

Vincent Galand, Vincent Auffret, Erwan Flecher, Camille
Pichard, Stephane Boule, Andre Vincentelli, Pierre Mondolly,
Laurent Barandon, Mathieu Pernot, Michel Kindo, Thomas
Cardi, Philippe Gaudard, Philippe Rouviere, Thomas Sénage,
Nicolas Jacob, Pascal Defaye, MD, Olivier Chavanon,
Constance Verdonk, Walid Ghodbane, Edeline Pelcé, Vlad
Gariboldi, Matteo Pozzi, Jean Francois Obadia, Arnaud
Savoure, Frederic Anselme, MD, PhD, Gerard Babatasi, Annette
Belin, Fabien Garnier, Marie Bielefeld, David Hamon, Nicolas
Lellouche, Nicolas Lellouche, Bertrand Pierre, MD, PhD, Thierry
Bourguignon, Romain Eschalier, MD, PhD, Nicolas D’Ostrevy,
Marie-Cécile Bories, Eloi Marijon, MD, Fabrice Vanhuyse,
Hugues Blangy, MD, Jean Philippe Verhoye, Christophe I.
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Background: Continuous-flow left ventricular assist device
(LVAD) implantation has been shown to improve survival in
patients with refractory heart failure. Little is known about VAs
occurring during the first 30 days after LVAD implantation.
Objective: We aimed at describing the prevalence, predictors
and clinical impact of early VAs in patient with LVAD included in
the ASSIST-ICD observational study.
Methods: This observational study was conducted in 19 centers
between 2006 and 2016. Early VAs were defined as sustained
ventricular tachycardia/fibrillation occurring <30 days post-LVAD
implantation and requiring appropriate implantable cardioverter
defibrillator therapy, external electrical shock, or medical therapy
Results: A total of 652 patients (median age 59.8 years;
left ventricular ejection fraction 20.7 ± 7.4%; HeartMate 2:
72.8%, HeartWare: 19.5%, Jarvik 2000: 7.7%) were included
in the analysis. Early VAs occurred in 162 (24.8%) patients,
most frequently during the first week after LVAD implantation.
Multivariable analysis identified history of VAs prior to LVAD as
the only predictor of early VAs. The occurrence of early VAs
with electrical storm was the higher predictor of post-operative
mortality associated with a 5-fold increase of death (hazard ratio:
5.50; 95%CI:2.29-13.23). However, in patients discharged alive
from hospital, occurrence of early VAs did not influence longterm survival.
Conclusion: Early VAs are common after LVAD implantation
and increase post-operative mortality, without affecting long-term
survival. Further studies will be needed to analyze whether pre
or per-operative ablation of VAs may improve post-operative
outcomes.
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OUTCOMES OF VENTRICULAR TACHYCARDIA
ABLATION IN CARDIAC SARCOIDOSIS: REPORT FROM A
MULTICENTER, INTERNATIONAL REGISTRY
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Background: In patients with cardiac sarcoidosis (CS)
undergoing VT ablation, achieving favorable results remains
challenging possibly due to the complexity of the arrhythmogenic
substrate. Existing data on outcomes originate from small,
single-center studies.
Objective: Assess multicenter outcomes of VT ablation in CS
patients.
Methods: This is a report of 76 patients (women 33%, age
52±9 years, EF 46±14%) with definite or probable CS from
13 international centers nested in the Cardiac Sarcoidosis
Consortium. Patients underwent ablation between 2002 and
2018. Clinical, procedural and outcome variables were collected
in a pre-defined manner using standardized forms. Patients were
followed from the date of the first ablation procedure at each
institution until VT recurrence or death.
Results: Twenty four (32%) patients had a prior ablation
procedure at another institution. There was a median of 3
inducible VTs (range 0-18). Acute procedure outcome was
as follows: complete success 33% (no inducible VT); partial
success 34% (only non-clinical VTs inducible); failure 9%
(clinical VTs inducible); not tested 24%. After median followup 9.7 months, 41 (54%) patients had VT recurrence and 20
(26%) patients had repeat ablation. After median follow-up
25.2 months, 11 (14%) patients died and 44 (58%) patients
experienced the composite of VT recurrence or death. Three
patients underwent placement of left ventricular assist devices
and 2 patients underwent heart transplantation.
Conclusion: In this multicenter registry reflecting real-world
practice internationally, catheter ablation treatment of CS-related
VT remains challenging and rates of recurrence and repeat
procedures are high.

S-PO04-157
ENDOCARDIAL VOLTAGE RATIO CAN DISTINGUISH
ARRHYTHMOGENIC RIGHT VENTRICULAR
CARDIOMYOPATHY FROM RIGHT-SIDED CARDIAC
SARCOIDOSIS

Jarieke Hoogendoorn, MD, Marek Sramko, MD PhD, Jeroen
Venlet, MD, Saurabh Kumar, MD, PhD, Konstantinos C. Siontis,
MD, Usha B. Tedrow, MD, MS, FHRS, Frank M. Bogun, MD and
Katja Zeppenfeld, MD, PhD. Leiden University Medical Center,
Leiden, Netherlands, Brigham and Women’s Hospital, Boston,
MA, University of Michigan, Ann Arbor, MI
Background: RV cardiac sarcoidosis (CS) can mimic
arrhythmogenic right ventricular cardiomyopathy (ARVC).
Combined unipolar (UV) and bipolar voltage (BV) mapping may
provide information about transmural scar distribution and may
be helpful in distinguishing between the two aetiologies.
Objective: To determine if voltage mapping can differentiate
between right-sided CS and ARVC.
Methods: We included 14 pts with CS affecting the RV and
13 pts with ARVC with pathogenic mutation who underwent
endocardial RV voltage mapping from three centers. Anatomical
surfaces, 3D coordinates and BV and UV were exported for
offline analysis. Detailed measurement of low voltage areas
was performed in ParaView. The ratio between low BV area and
low UV area was calculated using previously suggested cutoff values of <1.5mV for BV and <3.9mV, <4.4mV and <5.5mV
for UV, generating three parameters: Ratio3.9, Ratio4.4 and
Ratio5.5.
Results: The area of BV<1.5mV was significantly larger in CS
compared to ARVC pts (106±58cm2 vs. 54±32cm2, respectively,
p<0.01). All ratios were higher in CS compared to ARVC pts
(Ratio3.9 0.65±0.21 vs. 0.53±0.20, p=0.12; Ratio4.4 0.58±0.20
vs. 0.43±0.18, p=0.05; Ratio5.5 0.49±0.20 vs. 0.33±0.15,
p=0.01). Ratio5.5 was the best discriminator to distinguish
ARVC from CS, with an AUC of 0.78 (p <0.01). A Ratio5.5≥0.45
identified pts with CS with a sensitivity of 71% and specificity of
85% (Figure).
Conclusion: The concordance of BV and UV abnormalities is
more significant in CS compared to ARVC, possibly due to a
more transmural and homogeneous scar pattern in CS and a
more subepicardial scar pattern in ARVC. An endocardial voltage
area Ratio5.5≥0.45 can distinguish ARVC from CS.
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voltage of RM in post-infarct pts with remodeled vs. nonremodeled LV. The newly proposed cut-offs for normal BV and
UV enable a more tailored approach to EAVM of LV. EAVM
guided by these cut-offs provides similar information on the
location of the scar as integrated LGE-MRI.

S-PO04-158
NEW CUT-OFFS FOR “NORMAL” LEFT VENTRICULAR
ENDOCARDIAL VOLTAGE IN PATIENTS WITH POSTINFARCT SCAR WITH AND WITHOUT VENTRICULAR
REMODELING: VALIDATION BY ISOTROPIC LATE
GADOLINIUM ENHANCEMENT IMAGING

Saif Abdel-kafi, MD, Marek Sramko, MD, PhD, Rob J. Van der
Geest, MD, PhD, Marta De Riva Silva, MD, Hildo J. Lamb,
MD, PhD and Katja Zeppenfeld, MD, PhD. LUMC, Leiden,
Netherlands, Leiden University Medical Center, Leiden,
Netherlands
Background: Validated criteria for “normal” LV endocardial
voltage in patients with ischemic scar are lacking. Reference
voltage may differ between pts with and without LV remodeling
due to different extent of interstitial fibrosis of the remote
myocardium (RM).
Objective: Determine distinct cut-off values for normal LV
endocardial bipolar (BV) and unipolar voltage (UV) adjusted for
LV remodeling.
Methods: Electroanatomic voltage mapping (EAVM) was
integrated with 3D isotropic late gadolinium enhancement (LGE)
MRI in 15 pts with non-remodeled LV and 12 pts with remodeled
LV (LVEF: 55 ± 8 vs. 27 ± 4% on MRI, both p<0.001). Reference
cut-offs for normal voltages (5th percentile) were determined
from segments of RM without LGE.
Results: Both BV and UV were significantly decreased in
remodeled RM compared to non-remodeled RM (4.6 ± 2.0 vs.
5.9 ± 2.5 mV and 11.3 ± 7.2 mV vs. 13.4 ± mV, both p <0.001).
The cut-offs for normal BV and UV were: ≥3.0 and ≥6.7 mV for
non-remodeled LV and ≥2.1 and ≥6.4 mV for remodeled LV,
respectively. Low-voltage area (LVA) defined by the adjusted
cut-offs correlated well with endocardial surface of LGE-detected
scar (r = 0.8 to 0.88 for BV and 0.64 to 0.74 for UV, all p <0.05).
In 15 pts who underwent successful ablation of ventricular
tachycardia (VT), the new LVA contained > 97% of targeted
evoked late potentials as strong surrogate for VT related sites.
Conclusion: This study found a differences in endocardial

S-PO04-159
CHARACTERIZATION OF SCARRED SUBSTRATE
ASSOCIATED WITH VENTRICULAR TACHYCARDIA USING
CARDIAC MAGNETIC RESONANCE IN SWINE INFARCTION
MODEL
Susumu Tao, MD, PhD, Michael A. Guttman, MS, Sarah Fink,
MS, Hiroshi Ashikaga, MD, PhD, FHRS, Ehud J. Schmidt,
Daniel A. Herzka, PhD, Aravindan Kolandaivelu, MD and Henry
R. Halperin, MA, MD, FHRS. Johns Hopkins University School
of Medicine, Baltimore, MD

Background: Late gadolinium enhancement cardiac magnetic
resonance (LGE-CMR) identifies core scar and gray zone (GZ)
of infarcted myocardium associated with ventricular tachycardia
(VT). However, improving VT prediction using more detailed
CMR characteristics, such as the transmural distribution of GZ
and channels within scar, is not well understood.
Objective: To evaluate scar and GZ associated with VT using
LGE-CMR.
Methods: A swine model of chronic myocardial infarction was
used (N=13). Eight weeks post-infarct, we performed LGE at
3T. Core scar and GZ were quantified at different transmural
depths. The size and distribution of LGE GZ channels were
characterized and compared with VT inducibility and the central
pathway of VT identified by electrophysiology study.
Results: 12 sustained VTs were induced in 8 swine. The
proportion of epicardial GZ (outer 70-90% of the myocardial wall)
was significantly higher in swine with VT compared to swine
without VT (13.5±0.8% vs 10.1±0.5%, p=0.01, Figure A). An
epicardial GZ cutoff of 10.8% identified VT inducibility (sensitivity
1.00, specificity 0.8). 34 GZ channels in 13 swine were detected.
GZ channels associated with VT central pathway tended to be
larger compared to channels not related to VT (0.88±0.20g vs
0.50±0.11g, p=0.07, Figure B,C). In a model clustered by swine,
GZ channel size was associated with VT central pathway (odds
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ratio 3.8, 95% confidence interval 1.0-14.6, p=0.047).
Conclusion: More detailed LGE-CMR characterization could
improve prediction of VT risk and localization of VT central
pathway. We found more epicardial GZ and larger GZ channel
volume were associated with VT inducibility and central pathway
location.
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was excellent (κ = 0.85 to 0.94). EGM complexity, short
wave extent (< 12 mm), and low OT voltage (< 1.0 mV) were
associated with low confidence (p < 0.001, p = 0.005, and p =
0.03 respectively). Computer models of double potentials, wave
extent < 8 mm, and voltage < 0.6 mV in the presence of noise
confirmed the sensitivity of OT to these effects, albeit at different
thresholds. A system derived index of waveform shape achieved
a sensitivity and specificity of 84% and 63%.
Conclusion: Although AD vector directions are generally
reliable, loss of confidence may occur with complex local
depolarization, low signal amplitude, or short wave extent. These
factors appear suited for automated determination of confidence
during the mapping.

S-PO04-161
S-PO04-160
ACTIVATION DIRECTION VECTORS DURING CARDIAC
MAPPING: DEVELOPING A RELIABLE PROCESS FOR
CLINICAL APPLICATION

D. Curtis Deno, MD, PhD, Emma K. Davis, MS, Dennis J.
Morgan, MS, Thomas P. Hartley, MS, Karl Magtibay, MASc,
Stephane Masse, MASc and Kumaraswamy Nanthakumar, MD.
Abbott Laboratories, St. Paul, MN, University Health Network,
Toronto, ON, Canada, University Health Network - Toronto
General Hospital, Toronto, ON, Canada
Background: Vector maps of activation direction (AD) are being
incorporated in 3D mapping systems, though the validity of such
maps and variables affecting reliability have not been rigorously
evaluated.
Objective: We sought factors that affect the reliability of AD
vectors in such mapping. Additionally, we sought to automate
reliability indices during mapping with a regular grid array
catheter.
Methods: Experts reviewed 121 sets of Omnipolar Mapping
Technology (OT) AD vectors from 12 maps in 8 animals and
humans from all chambers and sinus, paced, and VT rhythms.
Confidence was rated as High or Low from scores based on AD
consistency with adjacent vectors, conformity with physiology,
and agreement with isochrone maps. Associations of confidence
with depolarization complexity, velocity, wave extent, and voltage
were evaluated. Significant factors were studied by computer
modeling to clarify mechanisms.
Results: Interobserver variability for confidence and complexity

VENTRICULAR SCAR CHANNELS IDENTIFIED BY NEW
CARDIAC MR WIDEBAND SEQUENCE TO GUIDE VT
ABLATION IN PATIENTS WITH ICD

Ivo Roca-Luque, MD, PhD, Ana Van Breukelen, Franisco
Alarcon, Paula Sanchez, Jose Ortiz, Ada Doltra, Paz Garre,
Fatima Zaraket, Txema Tolosana, Eduard Guasch, Eva Benito,
Josep Brugada and Lluis Mont, MD. Arrhythmia Unit. Hospital
Clínic, Barcelona, Spain, Hospital Clínic, Barcelona, Spain
Background: Substrate-based radiofrequency (RF) ablation of
scar-related ventricular tachycardia (VT) has become a standard
procedure. Electroanatomical mapping (EAM) can detect in
sinus rhythm heterogeneity in scar tissue and define conduction
channels entrances (CCs) that are the target for VT ablation.
Cardiac magnetic resonance (CMR) has demonstrated to be
useful to depict this CCs and increase the VT ablation (RF)
success. However, a lot of patients who undergo VT ablation
wear cardiac defibrillators (ICD) that create image artifacts in a
CMR.
Objective: The aim of this study is to analyse the feasibility
and accuracy of CMR using a new wideband sequence (WB) to
decrease hyperintensity artifact in patients with ICD to identify
CCs entrances to guide VT ablation
Methods: Consecutive patients (14) with ICD who underwent
VT ablation with WB-CMR before RF were included. EAM was
performed with high density catheters to define scar and CCs.
Number and location of CCs entrances of EAM were compared
with those in 3D reconstruction of preprocedural WB-CMR.
Accuracy was compared with a cardiomyopathy, scar location
and age matched historical cohort (28 pts, 1:2 match) without
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ICD, conventional CMR who underwent EAM and VT ablation.
Results: During study, 102 CCs entrances (7,2±2,2 per patient)
were identified in the EAM in patients with ICD and WB-CMR
(study group) and 194 CCs entrances (6,9±2,6 per patient) were
identified in the EAM in patients without ICD (historical control
group) and conventional CMR. In CMR, 111 CCs entrances
were indentified in WB-CMR and 199 CCs entrances in MRI in
non-ICD patients. Accuracy of CCs entrances identified in EAM
vs CMR was 86% in WB-CMR and 79,9% in conventional CMR
(p=0,24). The rate of CCs entrances detected in MRI and absent
in EAM (CMR false positive rate) was 3,8% in WB-CMR vs
6,7% in conventional CMR (p=NS). Oppositely, the rate of CCs
entrances non detected in MRI and present in EAM (CMR false
negative rate) was 10,1% in WB-CMR vs 10,2% in conventional
CMR (p=NS).
Conclusion: The use of wide-band sequence to decrease
hyperintensity artifact of CMR in patients with ICD allows
adequate characterization of conducting channels of scar tissue
to guide VT ablation with the same accuracy than in patients
without ICD.

S-PO04-162
SUBSTRATE ABLATION IN POST-INFARCTION VT
TARGETING CT-DEFINED WALL THICKNESS CHANNELS:
RESULTS FROM 2 EUROPEAN CENTERS

Hubert Cochet, MD, PhD, Masateru Takigawa, MD, Elena Ene,
Karin M. Nentwich, Philipp Halbfass, MD, Nicolas Cedilnik,
Maxime Sermesant, PhD, Frederic Sacher, MD, PhD, Pierre
Jais, MD and Thomas Deneke, MD, PhD, FHRS. IHU Liryc,
CHU / Univ. Bordeaux / Inserm U1045, Pessac, France, CHU
Bordeaux, IHU Lyric, Université de Bordeaux, Bordeaux, France,
Heart Center Bad Neustadt, Bad Neustadt an der Saale,
Germany, Heart Center, Bad Neustadt, Germany, Heart Center
Bad Neustadt, Hirschaid, Germany, INRIA Sophia Antipolis,
, Inria, Sophia Antipolis, France, LIRYC Institute/ Bordeaux
University Hospital, Bordeaux, France, Universite de Bordeaux,
Bordeaux, France, Herz-und Gefiss Klinik GmbH, Cardiology
Clinic for Interventional EP, Bad Neustadt, Bavaria, Germany
Background: Surviving fibers within scar are the substrate
of reentrant VT and the targets of ablation. Their identification
on sinus rhythm maps, a widely adopted strategy, is limited by
poorly standardized definition and long mapping time
Objective: We introduce a novel substrate ablation approach
targeting wall thickness (WT) channels identified from CT
Methods: 35 patients (68±11yrs, 3 women, LVEF 36±11%)
referred for post-MI VT ablation in 2 European sites underwent
CT pre-ablation. WT channels were defined as channels
of preserved thickness within severely thinned scar. CT 3D
models were registered to rapidly acquired electroanatomical
(EAM) geometries (aorta, atria, LV, CS). The ablation endpoint
comprised targeting any available VT by entrainment or pace
mapping, and transsecting all WT channels
Results: In all 35 patients, acquisition of EAM geometries and
CT registration were successful in <30min. VT was inducible
in all, but mappable in 7(20%). All isthmuses located on WTchannels. Ablation (RF 32±16min) comprised the targeting of
mid-diastolic potentials in VT or matching pace-maps in 14(40%)
patients, and the transsection of WT channels in all (3.9±1.9
channels/pt). Inducibility was tested at the end of the procedure
in 31(89%), and was negative in 28/31(90%). Procedure duration
was 181±44min. 1(3%) major complication occurred (stroke).
Over a median 6-month follow-up, 80% of patients were VT-free
Conclusion: in post-MI VT ablation, targeting CTdefined WT channels may be a simple, feasible, safe, and
efficient alternative to conventional strategies based on
electrophysiological substrate

S-PO04-163
INNERVATION AND FIBROSIS CHARACTERISTICS
IN PATIENTS WITH PREMATURE VENTRICULAR
CONTRACTIONS (PVC) ASSESSED WITH I-131
METAIODOBENZYLGUIANIDINE (MIBG) AND LATE
GADOLINIUM ENHANCED (LGE) CARDIAC MAGNETIC
RESONANCE IMAGING (CMR)

Mohammed Abdulghani, MBChB, Jagat Mahat, MD, Saroj
Timilsina, MD, Jean Jeudy, MD, Hasan Imanli, MD, Rama
Vunnam, MD, Anthony Shankovich, Mark F. Smith, PhD,
Wenegen Chen, MD, PhD, Alejandro Jimenez. Restrepo, MD,
Vincent Y. See, MD, Stephen R. Shorofsky, MD, PhD, FHRS,
Vasken Dilsizian, MD and Timm-Michael Dickfeld, MD, PhD.
University of Maryland, Baltimore, MD, UMB, Baltimore, MD,
Univ. of MD School of Medicine, Baltimore, MD, University of
Maryland Medical Center, Baltimore, MD, Univ of Maryland
Hospital, Division of Cardiology, Baltimore, MD
Background: The interplay between myocardial innervation and
fibrosis in patients with frequent PVC is largely unknown.
Objective: To assess innervation and fibrosis characteristics of
the PVC substrate
Methods: Patients undergoing PVC ablation underwent preprocedural MIBG and LGE CMR scans. MIBG short axis series
were uploaded and analyzed regionally with 17 segmental
analysis software and globally with Heart/Mediastinum
ratio (HMR). LGE CMR scans were analyzed visually by an
experienced cardiac radiologist.
Results: 17 of 20 enrolled patients (age 54±21 years; 59%
female; 12% CAD) had complete/interpretable study data. The
EF for non-ischemic/ischemic patients was 54±10%/26±13%
while PVC count was 12±13%/22±9%, respectively. PVC
origin was LVOT (37.5%), RVOT (25%), inferior LV wall (19%),
posterior papillary muscle (12.5%) and lateral mitral valve
(6%). PVC ablation was performed for symptoms or low EF in
71% and 29% and was successful in 94%. Global innervation
measured by HMR was preserved in non-ischemic and ischemic
patients with 2.3±0.3 and 2.2±1. 2%, respectively. Similarly, HMR
was even normal (2.0±0.3) in patients with reduced EF <50%
(EF 38±5%) as well as patients with above median PVC count
(22±9% PVCs) vs below median PVC count (3.5±3.9% PVCs)
with HMR of 2.3±0.6 vs 2.3±0.3 (p=0.7). Regional denervation
defects (<50% uptake) were noted in 40% and 100% of nonischemic and ischemic patients and located in the inferior, septal,
lateral, apical and anterior wall in 75%, 62.5%, 37.5%, 37.5%
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and 25% (p=0.02 vs. inferior) of patients. PVC origination site did
not correlate to any specific regional increase (46%) or decrease
(54%, p>0.05) in innervation tracer uptake. LGE was seen in
20% and 100% of non-ischemic (septal 67%, inferior 33%) and
ischemic (inferior 100%) patients. If present, LGE co-localized
with PVC origin in 60% and PVC origin/denervation in 40% of
patients.
Conclusion: Global innervation pattern is preserved in
PVC patients even with decreased EF and high PVC count
suggesting an unusual neuronal function preservation and
possibly associated reversibility. PVC site of origin did not show
specific innervation characteristics. LGE was present in ~30%,
but if present co-localized frequently to the PVC origin and
denervation.

S-PO04-164
SEPTAL INTRAMYOCARDIAL MAPPING TO GUIDE
ABLATION OF VENTRICULAR ARRHYTHMIAS
ORIGINATING FROM THE LEFT VENTRICULAR SUMMIT

Gustavo S. Guandalini, MD, David F. Briceno, MD, Andres
Enriquez, MD, Jackson J. Liang, DO, Yasuhiro Shirai, Pasquale
Santangeli, MD, Gregory E. Supple, MD, FHRS, David S.
Frankel, MD, FHRS, Carlos A. Tapias, Diego Rodriguez, Luis
Carlos. Saenz, Robert D. Schaller, DO, FHRS, David J. Callans,
MD, FHRS, CCDS, Francis Marchlinski, MD, FHRS and Fermin
C. Garcia, MD. University of Pennsylvania, Philadelphia, PA,
Hospital of the University of Pennsylvania, Philadelphia, PA,
Hospital of the University of Pennsylvania, Philadelphia, PA,
Hospital of the University of Pennsylvania, Philladelphia, PA,
Hospital of the University of Pennsylvania, Cardiovascular
Division, Philadelphia, PA, Hospital of the University of
Pennsylvania, Cardiology, Philadelphia, PA, Fundacion
Cardioinfantil, Bogota, Colombia, Fundacion Cardioinfantil,
Botega, Colombia, Fundacion Cardioinfantil, Colombia, Hospital
of the Univ of Pennsylvania, Washington Crossing, PA, Hospital
of the Univ of Pennsylvania, Cardiac Electrophysiology, Bala
Cynwyd, PA
Background: Catheter ablation for LV summit ventricular
arrhythmias (VA) is challenging due to proximity to epicardial
coronary arteries and fat. Endocardial mapping and ablation is
difficult due to frequent intramyocardial origin.
Objective: To characterize septal intramyocardial (SIM)
substrate to guide ablation of arrhythmias mapped to the LV
summit and report procedural characteristics and acute success.
Methods: Venography was performed to place a unipolar
wire electrode within a septal perforator branch of the anterior
interventricular vein (AIV) in patients suspected of having LV
summit VA. If the wire showed early activation, endocardial
ablation was performed targeting the wire location (septal aspect
of the summit in front of the aortic valve and true septum, figure).
Results: Between October 2016 and December 2018, 43/47
patients had successful SIM mapping (91.5%, 36 for PVC and
7 for VT); four had no suitable septal branch. One case was
complicated by AIV dissection requiring pericardiocentesis. The
SIM wire was earliest in 15/43 patients (34.9%, 14 PVC and
1 VT), with median 24 ms pre-QRS (IQR 14-30 ms). Durable
suppression was achieved in 11 patients (73.3%, all with PVC).
Site of successful ablation was the endocardial LV summit
near the SIM wire in 9/11 patients (two with half-normal saline).
Two patients were ablated within the AIV (one with half-normal
saline).
Conclusion: LV summit VA frequently originate from
intramyocardial sites within the septum that can be mapped via
venous branches in most patients. Endocardial ablation targeting
early intraseptal activation is an effective strategy.

S-PO04-165
ISCHEMIC VENTRICULAR TACHYCARDIA FROM
BELOW THE POSTEROMEDIAL PAPILLARY MUSCLE, A
PARTICULAR ENTITY: SUBSTRATE CHARACTERIZATION
AND CHALLENGES FOR CATHETER ABLATION

Andres Alonso. Enriquez, David F. Briceno, MD, Carlos A.
Tapias, Yasuhiro Shirai, Daniele Muser, MD, Jackson J.
Liang, DO, Tatsuya Hayashi, MD, PhD, Pasquale Santangeli,
MD, David S. Frankel, MD, FHRS, Gregory E. Supple, MD,
FHRS, Robert D. Schaller, DO, FHRS, Jeffrey Arkles, MA,
MD, Diego Rodriguez, David J. Callans, MD, FHRS, CCDS,
Francis Marchlinski, MD, FHRS, Luis Carlos. Saenz and Fermin
C. Garcia, MD. Queen’s University, Kingston, ON, Canada,
University of Pennsylvania, Philadelphia, PA, Fundacion
Cardioinfantil, Bogota, Colombia, Queen’s University,
Philladelphia, PA, Hospital of the University of Pennsylvania,
udine, Italy, Hospital of the University of Pennsylvania,
Philadelphia, PA, Hospital of the University of the Pennsylvania,
Kamogawa-si, Chiba, Japan, Hospital of the University of
Pennsylvania, Cardiology, Philadelphia, PA, Hospital of
the University of Pennsylvania, Cardiovascular Division,
Philadelphia, PA, upenn, philadelphia, PA, Hospital of the Univ
of Pennsylvania, Washington Crossing, PA, Hospital of the Univ
of Pennsylvania, Cardiac Electrophysiology, Bala Cynwyd, PA
Background: In patients (pts) with VT and prior myocardial
infarction, the ischemic substrate may be “protected” by the
presence of the posteromedial papillary muscle (PMPM),
explaining some failures of endocardial-only ablation.
Objective: We sought to characterize the arrhythmogenic
substrate and ablation approach in pts with ischemic VT mapped
to the inferior LV in which an endocardial ablation failed due to
inaccessible substrate underlying the PMPM.
Methods: We included 10 pts with recurrent ischemic VT,
evidence of inferior/inferolateral scar and failed endocardial
ablation. In all cases, epicardial mapping was performed
via percutaneous (n=9) or surgical (n=1) approach, and VT
elimination was achieved by ablation opposite to the PMPM.
Results: In all pts, intracardiac echocardiography (ICE) showed
dense hyperechoic image extending below the PMPM, and 5
of them exhibited a pattern characterized by subendocardial
scar at the base that became intramural and epicardial at distal
segments. The area of endocardial bipolar voltage abnormality
was 62±27 cm2. The area of epicardial abnormality was smaller
or similar (±10 cm2) in 7 pts and larger in 3 pts, and showed
good correlation with ICE findings. In 4 pts, VT remained
inducible despite complete endocardial isolation of the scar,
manifested by absence of electrograms, presence of dissociated
potentials and/or exit block when pacing from the scar. Eleven
inducible VTs were mapped to the epicardium underlying
the PMPM. The majority of these VTs (8/11) had a RBBB
configuration with variable precordial transition (V2-V6), while 3
VTs exhibited a LBBB configuration with negative concordance.
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A QS pattern in inferior leads was present in all except one case.
At the end of the procedure, noninducibility was achieved in 8
pts and nonclinical VTs were induced in 2. After a mean followup of 27±23 months, 7 pts remained free of VT.
Conclusion: In pts with inferior ischemic scar, VT may arise
from the area underneath the PMPM, limiting ablation from
the endocardium. ICE can accurately define the substrate
distribution and an epicardial approach, either percutaneous
or surgical, may result in successful VT elimination. A pattern
characterized by “basal-endocardial/apical-epicardial” ischemic
involvement is described.

S-PO04-166
TARGETED ABLATION OF DECELERATION ZONES
FOR SCAR-RELATED VENTRICULAR TACHYCARDIA:
PROSPECTIVE STUDY OF A NEW VOLTAGEINDEPENDENT FUNCTIONAL SUBSTRATE MAPPING
STRATEGY

Zaid Aziz, MD, Dalise Yi. Shatz, BA, Gaurav A. Upadhyay, MD,
FHRS, Andrew D. Beaser, MD, Cevher Ozcan, MD, Michael T.
Broman, MD, PhD, Hemal M. Nayak, MD, FHRS and Roderick
Tung, MD, FHRS. University of Chicago, Chicago, IL, The
University of Chicago Medicine, Chicago, IL, University of
Chicago Medical Center, Chicago, IL, University of Chicago,
Dept of Medicine, Chicago, IL
Background: Given hemodynamic instability of most
ventricular tachycardias (VT), mapping and ablating scar based
arrhythmias during sinus rhythm may have increasing clinical
utility. Isochronal late activation mapping (ILAM) is a functional
mapping method which identifies regions of slow conduction,
regional conduction block, and late activation during baseline
rhythm. Previous studies have demonstrated mechanistic
correlation between wavefront discontinuities during sinus
rhythm and critical sites for reentry.
Objective: To prospectively assess outcomes after VT ablation
guided by targeting of deceleration zones during sinus rhythm
utilizing ILAM with limited activation mapping for correlation if
hemodynamically tolerated.
Methods: Sinus ILAM with latest deflection annotation were
created with high density multi-electrode mapping catheters and
electroanatomic mapping (Ensite= 114, Carto=18, Rhythmia
=10) and targeted ablation was performed in regions with >3
isochrones within 1 cm radius. The procedural endpoint of
noninducibility was desired.
Results: 142 ablations were performed in 119 patients with
scar-related ventricular tachycardia ( 17% female, 56 NICM and
56 ICM with a median EF of 32%). During ablation, the median
RF energy delivery duration was 28.2 minutes. The targeted
ablation region represented 26% of the total low voltage area
(median ablation area 14.4 cm2 / median scar area of 55.2 cm2
< 0.5 mV). At a median of 6 months, 76% were free from VT
recurrence.
Conclusion: A voltage-independent functional mapping
approach was feasible and effective to guide targeted ablation of
scar-related VT with a high-level of efficiency.

S-PO04-167
LATE REMOVAL OF A PERCUTANEOUS LEFT
VENTRICULAR ASSIST DEVICE FOR PATIENTS WITH
STRUCTURAL HEART DISEASE UNDERGOING CATHETER
ABLATION OF VENTRICULAR TACHYCARDIA IS
ASSOCIATED WITH INCREASED 90-DAY MORTALITY
Qi Chen, MD, DPhil, Mark Pollet, BSBME, MD, Adwait Mehta,
MD, Juliette Dean, RN, Jennifer Parenti, RN, Francia H. Rojas,
MD, Yutao Xi, PhD, Jie Cheng, MD, PhD, FHRS and Nilesh
Mathuria, MD. Texas Heart Institute, Housotn, TX, Baylor St.
Luke’s Medical Center, Houston, TX, Texas Heart Rhythm
Center, Houston, TX, Texas Heart Institute, Houston, TX

Background: The impact of the timing of removal of a
percutaneous left ventricular assist device (pLVAD) during VT
ablation on outcomes is uncertain.
Objective: We aimed to compare the outcomes of patients with
late (>24 hours) versus early (≤ 24 hours) removal of pLVAD
during VT ablation.
Methods: Sixty-eight patients (male = 65) underwent VT
ablation with pre-emptive pLVAD support between June 2010 to
November 2017 were included. There were 2 groups: (1) Early
removal group: pLVAD was removed in ≤ 24 hours after VT
ablation (n = 43); (2) Late removal group: pLVAD was removed
> 24 hours after VT ablation (n = 25). Procedural outcomes
including 90-day mortality were compared.
Results: There was no significant difference in age (65.52 ±
9.32 vs. 63.32 ± 14.57 yrs, p = 0.226), Diabetes (32.6% vs.
36% p = 0.772), MI (37.21% vs. 36%, p = 0.921), COPD (18.6%
vs. 16.0%, p = 0.786), VT storm (23.2% vs. 20%, p = 0.755),
procedure duration (336.02 ± 98.73 vs. 387.76 ± 115.81 min, p =
0.055), and VT duration during the procedure (38.30 ± 37.73 vs.
52.0 ± 47.87 min, p = 0.253) between the 2 groups. The LVEF
in early removal group is higher than that in late removal group
(27.21 ± 9.57% vs. 22.8 ± 8.18%, p < 0.05). The death events
mostly happened in 2 weeks after procedure (81.25%, 13/16),
and the mortality in 90-day was higher in early removal group
[6.98% (3/43) vs. 52% (13/25), p < 0.001] (Figure 1).
Conclusion: Late removal (>24 hours) of a pLVAD for VT
ablation is associated with an increased 90-day mortality.
Severely depressed LVEF may predict poorer outcomes despite
pLVAD support.
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IRRIGATED TEMPERATURE-CONTROLLED ABLATION
CATHETER FOR MAXIMIZING ABLATION LESION
DIMENSIONS IN VENTRICULAR TISSUE

Eran Leshem, MD, MHA, Ayelet Shapira-Daniels, MD, Israel
Zilberman, Michael Barkagan, MD, Assaf Govari, PhD and Elad
Anter, MD. Beth Israel Deaconess Medical Center, Brookline,
MA, Beth Israel Deaconess Medical Center, Boston, MA,
Biosense webster-clinical Development, Yokneam, Israel,
BIDMC, Boston, MA, Biosense Webster Ltd., Israel, Tirat
Hacarmel, Israel, BIDMC, Cardiology, Boston, MA
Background: VT Ablation can be limited by insufficient lesion
creation, particularly in thick myocardium. Increased power,
duration or the use of low ionic solutions may increase lesion
dimensions, however at an increased risk for tissue overheating
and steam pop formation. A novel catheter based on Thermocool
STSF (Q-DOT MICRO, Biosense Webster) incorporates surface
thermocouples for irrigated RFA in a temperature-controlled
mode. This may allow to maximize lesion dimensions at an
increased safety profile.
Objective: Examine the safety and efficacy for temperaturecontrolled irrigated RFA with QDOT for maximizing ventricular
lesion dimensions.
Methods: In 14 healthy beating swine hearts, RFA with
QDOT was performed at 2 temperature settings: high
(50W/60sec,Tmax50oC) and low (50W/60sec,Tmax45oC) and
compared to RFA with Thermocool STSF operated in powercontrol mode at high (50W/60sec) and low (40W/60sec) settings.
STSF RFA was also performed with half normal saline (NHS) at
50W/60sec. lesion dimensions were measured by two blinded
investigators.
Results: A total of 169 applications were performed at a similar
contact force (p=0.63). Lesion dimensions were similar between
QDOT 50W/60sec,Tmax50oC and STSF 50W/60sec with normal
or NHS and STSF 40W/60sec (Table). Impedance decease was
similar between the groups (p=0.15). Steam pops were more
frequent with STSF 50W/60sec (37%), STSF 50W/60sec with
HNS (46%) compared to QDOT 50W/60sec,Tmax50oC (7%;
P<0.001).
Conclusion: In a swine beating heart model, this novel
temperature-controlled irrigated RF ablation catheter allows to
maximize lesion dimension while reducing steam pop formation.
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of Chicago, Chicago, IL, The University of Chicago Medicine,
Chicago, IL, University of Chicago Medical Center, Chicago, IL
Background: Bipolar radiofrequency ablation configuration has
been shown to create a larger and deeper lesion compared to
unipolar ablation strategy. We report our initial experience using
a novel modified bipolar setup integrated into an impedancebased electroanatomic mapping system.
Objective: To evaluate the feasibility of bipolar ablation
configuration in patients with ventricular arrhythmias(VA)
resistant to standard unipolar radiofrequency ablation.
Methods: Patients undergoing ventricular tachycardia and PVC
ablations on whom elimination of tachycardia was not possible
with unipolar ablation configuration were included. Two irrigated
ablation catheters were navigated across the substrate and used
as an “active” and “ground” pole. A customized modification
was created by soldering a jumper cable to a grounding patch
and EGMs were viewed by connecting the ablation cable into
a converter box with the distal electrode pinned to the jumper
cable. Irrigated ablation was initiated at 30 watts to a maximum
of 50 watts over 60-90 seconds.
Results: In this modified setup, both active and ground catheters
could record electrograms and were visualized on the mapping
system. In 4 cases of bipolar radiofrequency configuration, all
of them had acute success with late termination of VAs and
remained non inducible. VT recurred in one patient at same site
and underwent repeat epi- and endocardial VT ablation.
Conclusion: A modified bipolar ablation configuration using
an impedance-based electroanatomic system allows for
visualization of both active and ground catheters and was
effective at eliminating refractory midmyocardial sites of origin
after ineffective unipolar ablation.

S-PO04-170
PREVALENCE OF ISCHEMIA AMONG PATIENTS
UNDERGOING CATHETER ABLATION THERAPY
FOR TREATMENT OF SUSTAINED VENTRICULAR
TACHYCARDIA

Jose Aguilera, MD, Jay Patel, Ayman A. Hussein, MD, FHRS,
Erika Hutt, MD, Aldo Schenone, MD, Jad A. Ballout, Wael A.
Jaber, MD and Oussama M. Wazni, MD, FHRS. Cleveland
Clinic, Cleveland, OH

S-PO04-169
MODIFIED BIPOLAR RADIOFREQUENCY ABLATION
“SIMULTANEOUS SENSING” CONFIGURATION
FOR REFRACTORY INTRAMURAL VENTRICULAR
ARRHYTHMIAS

Arun Kannan, MD, Zaid Aziz, MD, Frank Miele, Gaurav A.
Upadhyay, MD, FHRS, Andrew D. Beaser, MD, Hemal M.
Nayak, MD, FHRS and Roderick Tung, MD, FHRS. University

Background: Acute ischemia is considered a potential
reversible cause of sustained ventricular tachycardia (VT).
For this reason, it is a common practice to perform ischemic
evaluation with stress test or left heart catheterization (LHC) in
patients presenting with sustained VT. However the utility of this
is questionable as VT mostly originates from areas of scar.
Objective: To evaluate the diagnostic yield of ischemic
evaluation in patients presenting with sustained VT.
Methods: We enrolled patients who presented with sustained
VT to our institution in a prospectively collected registry. Stress
test, LHC and clinical characteristics were obtained from
electronic medical records.
Results: A total of 728 patients who underwent catheter ablation
for sustained VT were included. Mean age was 60.5 ± 14.1 and
68% were male. Prevalence of CAD was 41%, hypertension
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40%, diabetes 14%, cardiomyopathy 36% and smoking history
40%. Mean EF was 43 ± 15%. Catheter ablation was successful
in 675 (93%) patients. Of the total population, 172 (24%) did
not undergo ischemic evaluation while 556 (76%) did. The
majority of these underwent nuclear stress test= 277; while the
remaining had echocardiogram stress test= 127, diagnostic
LHC=89, or exercise ECG stress test= 63. Positive ischemia was
documented in 59 (9.8%) of patients who underwent ischemic
evaluation. Scar was identified in 118 (16%) patients (22 in the
positive ischemia group versus 96 in the negative ischemia
group). Revascularization was performed in 32 (4.4%) patients
(23 with positive stress test and 9 with negative ischemia).
Conclusion: A high percentage of patients presenting with
sustained VT undergo ischemic evaluation, however the
prevalence of ischemia in our patient population is low (9.8%)
and rarely changed management with revascularization in only
4.4% of patients. These findings deserve further investigation but
suggest that a change in practice may be necessary.

S-PO04-171
CATHETER ABLATION OF VENTRICULAR ARRHYTHMIAS
IN LEFT VENTRICULAR NON COMPACTION
CARDIOMYOPATHY
Carmen Muñoz-Esparza, Juan J. Sánchez Muñoz, Pablo
Peñafiel Verdú, Juan Martínez Sánchez, Francisco J. García
Almagro, Gines Elvira, Juan R. Gimeno Blanes and Arcadio
García Alberola. Virgen de la Arrixaca University Hospital,
Murcia, Spain

Background: Data about ventricular arrhythmias (VA)
associated with left ventricular non-compaction (LVNC)
cardiomyopathy are limited.
Objective: The aim of this study was to analyze the clinical and
electrocardiographic characteristics of VA in a group of patients
with LVNC.
Methods: 41 non-related patients (aged 46±11 years, 34 (83%)
males) with LVNC and VA were included. Fourteen patients
(34.1%) had isolated LVNC, 25 (61%) LVNC associated with
dilated cardiomyopathy (DCM) and 2 (4.9%) with hypertrophic
cardiomyopathy (HCM).
Results: In the group of DCM with LVNC, 8 (32%) patients
presented premature ventricular contractions (PVC), 14 (56%)
ventricular tachycardia (VT) and 2 (8%) ventricular fibrillation
(VF). Between isolated LVNC individuals, 10 (71.4%) had PVC/
non-sustained VT (1 patient showed ventricular fibrillation
triggered by PVCs) and 4 (28.6%) VT. In the HCM group, one
patient presented PVCs and the other VT. The QRS morphology
of VAs was right bundle branch block (RBBB) in 21 patients
(51.2%) with variable precordial R/S transition and frontal plane
axis, left bundle branch block (LBBB) in 14 (34.1%), unknown
morphology in 4 (9.8%) and VF in 2 (4.9%). Endocardial
mapping and ablation were performed in 18 patients (43.9%):
6 in ventricle outflow tracts (4 right ventricle outflow tract, 1 left
coronary cup, 1 right coronary cusp), 2 LV summit, 5 related with
Purkinje potentials at mid inferoseptal area and 5 associated
with endocardial scar localized in the basal anterolateral and
inferolateral segments. Epicardial ablation was carried out in 2
cases.
Conclusion: Substrate of VA in DCM with LVNC resembling
isolated DCM mechanism, and is frequently associated with
endocardial/epicardial scar. However, VA in isolated LVNC have
a location similar to idiopathic VT and/or are related with purkinje
potentials.

S-PO04-172
MYOCARDIAL CALCIFICATION IS ASSOCIATED
WITH ENDOCARDIAL ABLATION FAILURE IN POSTMYOCARDIAL INFARCTION VENTRICULAR TACHYCARDIA
Marta De Riva Silva, MD, Yoshihisa Naruse, MD, PhD, Micaela
Ebert, José Manuel Montero-Cabezas, Adrianus P. Wijnmaalen,
Serge A. Trines, Martin J. Schalij and Katja Zeppenfeld. Leiden
University Medical Cent, Leiden, Netherlands, Leiden University
Medical Center, Netherlands

Background: In patients with post-myocardial infarction (MI)
ventricular tachycardia (VT), myocardial calcification (MC)
protecting a subepicardial substrate for VT might be a cause of
endocardial ablation failure requiring therapy escalation (TE)
Objective: To assess the prevalence of MC and to evaluate its
impact on outcome of endocardial ablation
Methods: Consecutive post-MI patients referred for VT ablation
(2009-2016) were included. In all, fluoroscopy recordings in
7 standard views obtained during pre-procedural coronary
angiograms were reviewed. MC was defined as the presence
of a distinct radiopaque area that moved synchronously with
the cardiac contraction. Calcifications from the valvular annuli
and the coronary arteries were excluded. After ablation,
complete success was defined as non-inducibility of any VT,
partial success as inducibility of ≥1 non-clinical VT and failure
as inducibility of the clinical VT. TE was defined as escalation
of anti-arrhythmic drugs and/or epicardial ablation and/or
arrhythmia surgery. Patients were followed for VT recurrence
and mortality.
Results: Out of 158 patients (68±9 years, 87% men, LVEF
33±12%), 30 (19%) had MC. MC patients were younger (64
vs. 69 years; P=0.019), had more often an anterior MI (63 vs.
36%; P=0.008) and a prior VT ablation attempt (28 vs. 11%;
P=0.038). In 8 patients with MC (27%), endocardial ablation
failed to abolish the clinical VT (compared to 9 (6%) without;
P=0.003) requiring TE. After a median of 31 months, 62 patients
(40%) had VT recurrence and 47 (30%) died. Patients with
MC had a higher incidence of the composite endpoint of VT
recurrence or TE at 12-month follow-up (66% vs. 34%; P=0.001).
Presence of MC (HR 1.84; P=0.026), a lower LV function (HR
1.03 per 1% decrease; P=0.021) and non-complete success
(HR 2.12; P=0.012) were independently associated with a higher
incidence of the composite endpoint of VT recurrence or TE after
endocardial ablation.
Conclusion: MC was present in 19% of post-MI patients
referred for VT ablation and was associated with a high
incidence of endocardial ablation failure. Careful assessment
of pre-procedural coronary angiograms for MC may be useful
to plan the ablation since in up to 74% of patients with MC an
epicardial access, when possible, might be justified.

S-PO04-173
BILATERAL CARDIAC SYMPATHETIC DENERVATION
IN CARDIAC SARCOIDOSIS AND REFRACTORY
VENTRICULAR TACHYCARDIA

David Robert. Okada, MD, Fabrizio R. Assis, MD, Nisha A.
Gilotra, MD, Kaushik Mandal, MBBS, MD, MPH, Jonathan
Chrispin, MD and Harikrishna Tandri, MD. Johns Hopkins
Hospital, Baltimore, MD, Johns Hopkins University School of
Medicine, Baltimore, MD, Johns Hopkins University, Ellicott
City, MD
Background: Patients with cardiac sarcoidosis (CS) may have
ventricular arrhythmias (VA) refractory to both anti-arrhythmic
drug therapy (AAD) and catheter ablation (CA).
Objective: We report our center’s preliminary experience with
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cardiac sympathetic denervation (CSD) for the treatment of CS
patients with VA refractory to AAD and CA.
Methods: Consecutive patients with known or presumed CS
who underwent CSD at our institution were included. Patient
characteristics, procedural outcomes, and number of arrhythmic
events including ICD shocks pre- and post- CSD were reported.
Results: Five CS patients (mean age 53 ± 11 yrs; 40% male;
mean LVEF 38 ± 11) underwent CSD; 3 patients presented in
ventricular tachycardia (VT) storm. Four patients successfully
underwent video assisted thoracoscopic (VATS) removal of the
lower half of the stellate ganglia and the first 2 thoracic ganglia
bilaterally; 1 patient underwent right-sided sympathectomy only
due to poor intra-operative visualization on the left. Procedural
complications included hemothorax requiring chest tube
placement in 1 patient and azygous vein injury requiring surgical
repair in 1 patient. The mean number of ICD shocks in the 6
months pre-CSD was 13 ± 16. During mean follow- up of 18 ±
14 months (range 1.5 - 29 months), the mean number of ICD
shocks post-CSD was 0 ± 0; 1 patient had sustained VA that
was below the threshold for device therapy, and 1 patient had
symptomatic PVCs; both underwent repeat CA. In addition, 1
patient required cardiac transplantation for progressive heart
failure.
Conclusion: CSD may be a feasible and safe therapeutic
adjunct for patients with CS and VA refractory to AAD and CA.
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in the study group.
Conclusion: SGB gives rise to an acute and significant
decrease in aSKNA without changing the heart rate. Noninvasive
SKNA recording is feasible to assess the sympathetic activity.

S-PO04-175
COMPARISON OF ABLATION EFFECT OF HIGH POWER
SHORT DURATION ABLATION AND THE CONVENTIONAL
SETTING FOR PULMONARY VEIN ISOLATION

Libin Shi, MD, Songyun Chu, Peter Schuster, MD, PhD, Eivind
Solheim, MD, Lizhi Sun, Per Ivar Hoff, MD, Ole-jurgen Ohm,
MD, PhD and Jian Chen, MD, PhD. Haukeland University
Hospital, Bergen, Norway, Peking University First Hospital,
Beijing, China, Haukeland Univ Hospital, Bergen, Norway,
Haukeland University Hospital, Institute of Medicine, University
of Bergen, Bergen, Norway, Haukeland Sykehus, Bergen,
Norway, Dept Of Heart Disease, Bergen, Norway

S-PO04-174
STELLATE GANGLION BLOCK RAPIDLY REDUCES SKIN
SYMPATHETIC NERVE ACTIVITY

Cheng Cai, Ming-Yan Dai, Johnson Wong, Pei Zhang, Qian Ye
and Yong-Mei Cha, MD, FHRS. Mayo Clinic, Rochester, MN,
Indiana University School of Medicine, Indianapolis, IN
Background: Skin sympathetic nerve activity (SKNA) has been
recently employed to estimate sympathetic discharge in humans.
Objective: The objective of this study was to test the hypothesis
that SKNA could be used to assess the reduction of sympathetic
tone by stellate ganglion block (SGB).
Methods: The study included a consecutive 11 patients who
had complex regional pain syndrome or neuropathic pain of
the upper extremity and underwent 13 episodes of SGB. 1%
lidocaine was injected into the prevertebral fascia at C6 level
under the guidance of fluoroscopy and ultrasound. SKNA
recording was continuous before, during and after SGB.
Quantitative analysis of SKNA was performed to compare 5
minutes before injection, during injection and 5 minutes after
injection.
Results: Average SKNA (aSKNA) during 5 minutes before SGB
was 1.75 µV (95% CI 1.32-2.17) and significantly decreased to
1.11 µV (95% CI 0.90-1.32, p=0.0009) after SGB. No significant
change in heart rate was observed (pre- and post-SGB 62±16
bpm vs. 63±16 bpm, p=0.3115). Figure depicts aSKNA in 10-s
segments over a 5-min period before and after lidocaine injection

Background: Radiofrequency ablation with high power short
duration (HP-SD) has emerged as a new strategy for pulmonary
vein isolation procedure.
Objective: We sought to compare the ablation effect of HP-SD
delivery of radiofrequency energy with the conventional ablation
setting during pulmonary vein isolation.
Methods: 740 ablation points were acquired from 35 patients
with paroxysmal atrial fibrillation who underwent pulmonary
vein isolation for the first time. The points were collected at
the beginning of the procedure at separate sites to avoid the
mutual effect. A Thermocool SmartTouch catheter was used for
radiofrequency ablation. The HP-SD (50W for 10 s) ablation was
performed in 17 patients and the conventional in the other 19
patients. In the conventional group, the energy was applied for
60s at every site under the same power setting (25W, 30W or
35W). Ablation time, power, contact force (CF) and impedance
were recorded on a Carto 3 system and analyzed off-line.
Maximal impedance drop (IDmax) was used as a surrogate for
evaluating ablation effectiveness and IDmax>10Ω regarded as
adequate lesion formation.
Results: There was no significant difference on the IDmax
between HP-SD and the conventional ablation with 25W/60s
under the similar CF. The IDmax during HP-SD ablation was
lower than the conventional 30W or 35W in 60s (P<0.01). When
the CF was <5g, the IDmax of HP-SD was less than 10Ω. (Table)
Conclusion: The effect of HD-SD ablation is equivalent to that
with 25W in 60s under the similar CF, but less than that with
30W or 35W in 60s. At least a CF over 5g is required for creating
an adequate lesion by HP-SD ablation.
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The impedance drop of high-power and short-duration ablation comparing with that
of the conventional
Contact Force (CF)

50W/10s

25W/60s

30W/60s

35W/60s

CF<5g

6.56±3.73

7.50±3.19

9.89±5.58

5g≤CF<10g

11.58±6.56

10.22±3.81

15.41±7.38**

18.19±10.20**

10g≤CF<15g

11.73±6.68

11.53±3.16

17.89±8.48**

22.65±10.70**

15g≤CF<20g

14.19±6.99

15.65±4.18

21.42±8.57

26.74±5.55**

CF≥20g

14.92±6.09

19.59±4.68

28.55±9.39**

12.27±8.47

**

**

**

28.52±12.05**

**P<0.01 vs. 50W/10s and 25W/60s.

S-PO04-176
LONG TERM SURVIVAL AFTER SUDDEN CARDIAC
ARREST

Aditya Bhonsale, MD, Adetola Ladejobi, MD, Krishna Kancharla,
MD, Norman C. Wang, MD, MS, Sandeep K. Jain, MD, N. A.
Mark Estes, MD, FHRS, CCDS and Samir Saba, MD. UPMC,
Pittsburgh, PA, Mayo Clinic, Rochester, MN
Background: Impact of age and comorbidities on long-term
prognosis of sudden cardiac arrest (SCA) survivors remains
undefined.
Objective: We hypothesized that an integrated clinical
phenotype based risk model would predict survival in SCA
patients.
Methods: Detailed information regarding presenting rhythm,
clinical phenotype at index hospitalization and comorbidities
was obtained for 1285 (mean age 62±15 years, 83% white,
59% male, 42% out of hospital arrest) SCA survivors (alive >30
days post SCA) evaluated at the hospitals of the University of
Pittsburgh Medical Center between 2002 and 2012 . Age (<35,
35-50, 50-65, 65-80, >80 years) related trends in phenotype and
outcome were ascertained.
Results: Over a median follow up of 4 [1-6] years, 580 (45%)
patients died. Substance abuse, peri-arrest electrolyte/metabolic
abnormality and out of hospital location were significantly
(p<0.001) higher in the younger age group . Increasing age
was significantly associated with occurrence of atrial fibrillation,
diabetes mellitus, vascular disease, chronic kidney disease,
COPD and heart failure (p<0.001). Bootstrapped Cox regression
analysis (Figure 1A) identified key independent predictors of
mortality with step-wise risk increase noted with age (Hazard
Ratio: 1, 1.4, 2.2, 3.8 and 7.7). An additive 10-point risk score
utilizing independent predictors (Hazard Ratio 1-2: 1 point, 2-4: 2
points, >4: 3 points) stratified long term survival (Figure 1B).
Conclusion: There is incremental impact of age on long term
survival among SCA survivors. We report an integrated survival
score that can help prognosticate long term mortality among
SCA survivors.

S-PO04-177
PREDICTORS OF INCIDENT ATRIAL FIBRILLATION IN
PATIENTS WITH SARCOIDOSIS

David G. Rosenthal, MD, Thomas A. Dewland, MD, Gregory
Nah, Eric G. Vittinghoff and Gregory M. Marcus, MD, FHRS.
UCSF, San Francisco, CA, Oregon Health & Science University,
Portland, OR, Univ of California, San Francisco, Medicine, Div
of Cardiology, Cardiac EP, San Francisco, CA
Background: Cardiac sarcoidosis is known to result in heart
failure, AV block, and ventricular tachycardia. While there is no
known reason that the atria would be spared from this infiltrative
disease, the risk of atrial fibrillation (AF) in patients with
sarcoidosis has not previously been studies.
Objective: To characterize the risk of AF in subjects with
sarcoidosis
Methods: We identified subjects using the Healthcare Cost and
Utilization Project database, a longitudinal analysis of California
residents > 21 years of age who received ambulatory surgery,
emergency, or inpatient care from 2005-2011. After excluding
those with prevalent AF, we assessed the relationship between
sarcoidosis and new onset AF.
Results: Among 14,816,596 California residents, we identified
13,116 patients with sarcoidosis. Of these, 192 (1.37%)
developed AF over a median 2.6 (interquartile range 2.8) years.
After adjustment, sarcoidosis was the strongest risk factor for
incident AF (HR 17.0, 95% CI 15.8-18.3), followed by heart
failure (HF), ventricular arrhythmia (VA), hypertension, diabetes,
coronary disease, obesity, alcohol and tobacco abuse, AV block,
age, male sex, and non-white race (Figure).
Conclusion: Sarcoidosis is strongly associated with incident AF
after adjustment for other AF risk factors. These findings further
elucidate the relationship between cardiac manifestations in
sarcoidosis, which may facilitate earlier diagnosis and treatment.

S-PO04-178
ISOLATED CARDIAC SARCOIDOSIS ON POSITRON
EMISSION TOMOGRAPHY: A PREDICTOR OF SUDDEN
DEATH?

Joseph Donnelly, MD, Sarah Flint, James K. Gabriels, MD,
Bruce G. Goldner, MD, FHRS, Josephine Rini and Haisam
Ismail, MD. Northwell Health, Manhasset, NY, Northwell Health,
Rockville Centre, NY, Long Island Jewish Medical Center, New
Hyde Park, NY, Beth Israel DeaconessMedical Center Inc,
Boston, MA
Background: Cardiac sarcoidosis (CS) remains a poorly
understood disease. The decision to implant a defibrillator (ICD)
in patients with CS remains controversial.
Objective: We reviewed our experience of patients with isolated
cardiac sarcoidosis and those with cardiac sarcoidosis with
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extracardiac involvement to identify predictors of mortality and
sudden death.
Methods: We reviewed all patients undergoing 18F-FDG PET/
CT (PET) imaging from January 1st 2016 to December 1st 2018.
25 patients with cardiac sarcoidosis were identified. Patients
were divided into those with sarcoidosis limited to the heart,
and those with both heart and other organs affected. Baseline
variables and outcome data were assessed.
Results: Baseline characteristics for both groups were not
significantly different in regards to age, race, gender, heart
failure, diabetes, and coronary artery disease. Average age was
56 years. 23% of patients were female. Average ejection fraction
was 43%±6%. Mean follow up was 394 days. In patients with
isolated CS, when compared to those with CS and extracardiac
involvement, the composite of death, aborted cardiac death, or
unexplained syncope was 63% vs 6% (p<0.05). The rate of heart
block in isolated CS vs CS with extra-cardiac involvement was
25% vs 41% (p=0.45) and the incidence of sustained VT was
88% vs 12% (p<0.05).
Conclusion: We reviewed our experience of patients with
cardiac sarcoidosis and identified two phenotypes. Sarcoidosis
involving the heart and other organs is associated with a
phenotype with heart block, without VT or sudden death. Isolated
cardiac sarcoidosis is associated with a phenotype with heart
block, and also high rates of VT, sudden death and unexplained
syncope. We find that isolated CS is a more malignant syndrome
and the finding of isolated CS may warrant ICD implantation.
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Conclusion: Noninvasive electrical mapping during CRT
demonstrates frequent discordance in the effects of CRT on RV
and LV activation, and these activation changes are associated
with CMR-based changes in RV and LV function 6 months after
CRT.

S-PO04-179
INTRAPROCEDURAL CHANGES IN CARDIOINSIGHTDERIVED ELECTRICAL ACTIVATION WITH CARDIAC
RESYNCHRONIZATION THERAPY AND ASSOCIATION
WITH 6-MONTH CMR CHANGES IN RIGHT AND LEFT
VENTRICULAR FUNCTION

Xu Gao, MD, MS, Thien-Khoi Phung, Brian George, Mohammad
Abdishektaei, Trent M. Fischer, MD, MS, Jeffrey W. Holmes,
Jeffrey M. Gillberg, MSEE and Kenneth C. Bilchick, MD, MS,
FHRS. University of Virginia Health System, Charlottesville, VA,
Medtronic, Inc., OH, Medtronic, Inc., Cardiac Rhythm Disease
Management, Mounds View, MN
Background: Noninvasive multielectrode mapping during
cardiac resynchronization therapy (CRT) can be used to
evaluate acute changes in electrical activation as a result of
different CRT pacing configurations.
Objective: To characterize acute changes in right ventricular
(RV) and left ventricular (LV) electrical activation during CRT
implant procedures and determine associations between these
electrical findings and subsequent changes in RV and LV
function with cardiac magnetic resonance imaging (CMR).
Methods: The CardioInsight™ Noninvasive 3D Mapping System
was applied prior to CRT and used to evaluate the impact
of CRT pacing on RV and LV electrical activation during the
procedure. Stability of electrical changes were evaluated after
6 months of follow-up. CMR was performed at baseline and 6
months after CRT.
Results: In 14 patients (age 69.3 ± 10.8 years, 50% female,
64% with LBBB, 7% with IVCD, and 29% with RBBB), the time
to activation of 80% of the LV myocardium (LV-80 time) improved
with CRT in 86%, while the time to activation of 80% of the RV
(RV-80 time) improved only in 36% with CRT. A discordant LV-RV
effect on electrical activation (LV better/RV worse or vice versa)
with CRT was observed in 64%. For comparison, the Figure
shows an example of a concordant CRT effect on electrical
activation. The change in RV or LV electrical activation with CRT
was significantly associated with CMR-derived changes in RVEF
or LVEF 6 months after CRT (r=0.59; p=0.009).

S-PO04-180
PREGNANCIES IN WOMEN WITH ARRHYTHMOGENIC
RIGHT VENTRICULAR CARDIOMYOPATHY ARE
ASSOCIATED WITH LOW RISK OF VENTRICULAR
ARRHYTHMIAS

Pyotr G. Platonov, MD, PhD, FHRS, Anneli Svensson, MD,
Henrik K. Jensen, MD, PhD, Thomas Gilljam, Henning
Bundgaard, Trine Madsen, Jim Hansen, Meriam Aneq
Åström, Morten K. Christiansen, Jonas Carlson and Jesper
H. Svendsen. Lund University, Lund, Sweden, Department of
Cardiology, Linkoping, Sweden, Aarhus University Hospital,
Aarhus N, Denmark, Queen Silvias Hospital, Gothenborg,
Sweden, Rigshospitalet & University of Copenhagen,
Copenhagen, Denmark, Aalborg University Hospital, Aalborg,
Denmark, Herlev-Gentofte Hospital, University of Copenhagen,
Copenhagen, Denmark, Linköping University Hospital,
Linköping, Sweden, Aarhus University Hospital, Aarhus,
Denmark
Background: Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is associated with a risk of ventricular arrhythmias (VA)
and sudden cardiac death (SCD). Even though female patients
with ARVC are considered to be at lower risk of VA, the impact
of pregnancy and child birth in the context of ARVC remains
insufficiently studied.
Objective: To assess the risk of VA in relation to childbirth in
women with ARVC.
Methods: The study included 117 females with definite ARVC
(n=71) or unaffected mutation-carriers (n=46). VA was defined
as ventricular tachycardia, appropriate ICD therapy, aborted
cardiac arrest or SCD. VA-free survival was compared between
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nulliparous women (n=46) and those with reported child births
(n=71). Cumulative probability of VA for each pregnancy
(n=161) was assessed from conception through 2 years after
child birth and compared between those that occurred before
ARVC diagnosis (Pre-Ds, n=107), after it (Post-Ds, n=9) and in
unaffected mutation carriers (No-Ds, n=45).
Results: Eight women had 1 child birth, 41 had 2 and 22
women had ≥3. The nulliparous women had lower age at ARVC
diagnosis (24 vs 41, p=0.04) and more often had VA before
diagnosis (35% vs 15%, p=0.02). VA-free survival did not differ
between nulliparous and those who gave 1, 2 or ≥3 births
(Figure A). VA risk related to Post-Ds pregnancies (n=9) was
higher than in Pre-Ds (n=107) or No-Ds (n=45) groups though
few events were observed (log rank p=0.001, Figure B).
Conclusion: Our data based on a Scandinavian cohort of
females with ARVC give no indication of VA risk associated with
pregnancy at early disease stages though the data concerning
pregnancies occurring after ARVC diagnosis remain limited and
inconclusive.

were the most frequent finding. Five/18 (28%) had also rest
and/or exercise induced RA. Ten/18 (55%) athletes underwent
electrophysiological study without any VA induction. Seven/18
(39%) underwent also electroanatomical mapping (EAM) with
pathological findings in 5/7 (71%). All of these 5 underwent
endomyocardial biopsy guided by EAM: bioptic findings were
consistent with arrhythmogenic cardyomyopahty (ACM) in 2
cases. All 18 athletes were disqualified from competitive sport as
for Italian Sport Medicine protocols.
Conclusion: MF consistent with past MYO is a not infrequent
finding in athletes with VA. VA morphology and exercise
behavior are the most important “alarm bell”, while VA number
is not correlated with MRI pathological findings. Sometimes MF
interpreted as consistent with past MYO is actually the ACM
manifestation. Identification of these diseases is of extreme
importance for athletes’ safety.

S-PO04-182
PERSONALIZED VIRTUAL HEART IMPROVES
VENTRICULAR ARRHYTHMIA (VA) RISK STRATIFICATION
IN PATIENTS WITH NON-ISCHEMIC CARDIOMYOPATHY
(NICM)
Adityo Prakosa, PhD, Kalen Clifton, Plamen Nikolov, Katherine
C. Wu, MD and Natalia A. Trayanova, PhD, FHRS. Johns
Hopkins University, Baltimore, MD, Johns Hopkins Univ, Div of
Biomedical Engineering, Baltimore, MD

S-PO04-181
MYOCARDITIS: A DECEITFUL BUT NOT INFREQUENT
ATHLETES’ ENEMY

Maria Antonietta Dessanai, Francesca Pizzamiglio, Valentina
Catto, Stefania Riva, Antonio Dello Russo, Michela Casella,
Gaetano Fassini, MD, Fabrizio Tundo, Massimo Moltrasio,
Benedetta Majocchi, Martina Zucchetti, Valentina Ribatti, Giulia
Vettor, Rita Sicuso and Claudio Tondo. Centro Cardiologico
Monzino, IRCCS, Milan, Italy
Background: Myocarditis (MYO) represents a not negligible
cause of sudden death (SD) in athletes, representing the cause
of 4-14% cardiac arrests and deaths in athletes. Preparticipation
screening could drastically reduce SD in athletes and screening
programs are recommended by most medical and sport
associations. No data in literature are available about incidence
of concealed MYO in athletes but there is general consensus
about disqualification from competitive sport in the presence of
myocardial fibrosis (MF).
Objective: Purpose of our study was to quantify incidence of
MF consistent with past MYO in athletes that referred to our
Sport Cardiology Center for ventricular arrhythmias (VA) +/repolarization abnormalities (RA) detected at preparticipation
screening.
Methods: We retrospectively evaluated all athletes with VA
+/- RA and we quantified how many were found to have MF
consistent with MYO at cardiac MRI. We analyzed presentation
characteristics (clinical symptoms, VA frequency and
morphology) and invasive diagnostic findings (when available).
Results: In the last 2 years we evaluated 111 athletes for VA
+/- RA and we found MF consistent with MYO in 18 (16%) of
them. Two/18 referred past febrile status and 1 had symptoms
consistent with acute MYO. VA number was not correlated
with MF fibrosis, while polymorphic and exercise-correlated VA

Background: The use of left ventricular ejection fraction
(LVEF) < 35% to stratify patients at high VA risk results in a
low rate of appropriate prophylactic device therapy. Clinical
electrophysiology (EP) testing provides a means to assess VA
propensity but is invasive and has decreased sensitivity but high
specificity in NICM. The recently developed non-invasive Virtualheart Arrhythmia Risk Predictor (VARP) has demonstrated high
predictive capability in VA risk assessment in post-infarction
patients.
Objective: To test the feasibility of VARP to stratify VA risk in
patients with NICM.
Methods: 16 patients with idiopathic NICM (LVEF < 35%, 8 with
appropriate ICD shock) referred for primary prevention ICD were
included. Patients also underwent invasive EP testing to assess
VA risk with inducible monomorphic ventricular tachycardia
(MVT) defined as positive EP testing. 3D personalized virtual
hearts were reconstructed from each patient’s contrast
enhanced MRI prior to ICD implantation, incorporating fibrosis
distribution based on signal intensity (Fig A). Inducibility for any
sustained ventricular arrhythmia for each model was assessed
by rapid pacing.
Results: In silico VAs induced from 2 pacing sites, at the right
ventricular (RV) outflow tract and RV apex, correctly predicted
VA events in 11/16 patients. VARP achieved superior sensitivity
and negative predictive value (87.5%, 80%) compared to clinical
EP testing (62.5%, 62.5%) (Fig B). In silico VA morphologies
were consistent with the recorded clinical VAs (Fig C).
Conclusion: VARP shows promise in assessing VA risk noninvasively in patients with NICM.
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assessment and studied its relationship with the occurrence of
VA in post-MI pts.
Methods: 110 pts who received an ICD for primary prevention
in two European centres underwent cardiac CT at a median of
87.5 months after implantation. A full-automated segmentation
of the LV wall was developed by training a neural network on
462 CT with expert segmentation. Scar was characterized from
LV thickness as severe (<3mm) and moderate (3-5mm) WT.
Remote monitoring records and in-office ICD follow-up (FU)
reports were reviewed to identify arrhythmic pts.
Results: Out of 110 pts (98 male, 69±9y), 39 (35%) had
experienced at least one VA episode since implantation (FU
89±24 months). The automated CT segmentation method was
validated on 51 CT studies segmented by experts that were not
used for training, showing excellent accuracy (Dice score 0.95).
In the study cohort, automated WT measurement was feasible
in all pts, with processing time <1 min/pt. Total scar area was
7.0±3.6cm2, including 4.0±2.1cm2 and 2.8±2.0cm2 for moderate
and severe WT, respectively. Arrhythmic pts showed higher LV
volume (P=0.009) and higher total scar area (P=0.02). Areas
with moderate WT closely related to arrhythmia (P=0.005), while
areas of severe WT did not (P=0.35).
Conclusion: In post-MI pts implanted with ICDs for primary
prevention, areas with moderate LV WT are associated with
higher risk of VA. These scar characteristics can be assessed by
a full-automated CT analysis.

S-PO04-183
FULLY AUTOMATED MEASUREMENTS OF SCAR SIZE ON
COMPUTED TOMOGRAPHY RELATE TO ARRHYTHMIA
RISK IN POST-INFARCTION PATIENTS IMPLANTED WITH
ICDS FOR PRIMARY PREVENTION

Anna Lam, MD, Nicolas Cedilnik, Konstantinos Vlachos, MD,
PhD, Masateru Takigawa, MD, William Escande, Clementine
Andre, MD, Remi Chauvel, MD, Josselin Duchateau, MD,
Nicolas Derval, MD, Arnaud Denis, MD, Thomas Pambrun,
MD, Hildegard Tanner, MD, Jens Seiler, MD, Helge Servatius,
MD, Fabian Noti, MD, Samuel Baldinger, MD, Andreas
Haeberlin, MD, PhD, Helene Eigensatz, Elena Elchinova, MD,
Romy Sweda, MD, Meleze Hocini, MD, Michel Haissaguerre,
MD, PhD, Tobias Reichlin, MD, Laurent Roten, MD, Frederic
Sacher, MD,PhD, Pierre Jais, MD,PhD, Maxime Semesant and
Hubert Cochet, MD, PhD. Electrophysiology and Ablation Unit,
Bordeaux University Hospital (CHU), Bordeaux-Pessac, France,
Universite Cote d’Azur, Inria, Epione, Sophia Antipolis, France,
Electrophysiology and Ablation Unit, Bordeaux University
Hospital (CHU), Pessac-Bordeaux, France, Department of
Cardiology, Inselspital, Bern University Hospital and University
of Bern, Bern, Switzerland, IHU Liryc, Electrophysiology and
Heart Modeling Institute, Fondation Bordeaux Université,
Pessac-Bordeaux, France
Background: An association between wall thinning (WT)
measurements from CT and arrhythmogenic substrate of
ventricular arrhythmia (VA) has been reported after myocardial
infarction (MI).
Objective: We developed a fully automated CT based substrate

S-PO04-184
NOVEL ECHOCARDIOGRAPHIC RISK SCORE FOR
SUDDEN CARDIAC DEATH

Kyndaron Reinier, PhD, Audrey Uy-Evanado, MD, Harpriya
Chugh, Eric Stecker, MD, FHRS, Jonathan Jui, MD, MPH and
Sumeet S. Chugh, MD, FHRS. Cedars-Sinai Heart Institute, Los
Angeles, CA, Cedars-Sinai Medical Center, Los Angeles, CA,
Oregon Health & Science University, Portland, OR
Background: LV ejection fraction (EF ≤ 35%) remains the
clinically utilized echocardiographic risk predictor for primary
prevention of sudden cardiac death (SCD). However, left
ventricular hypertrophy (LVH) and abnormal LV geometry have
also been independently associated with increased risk of SCD.
Objective: We evaluated whether LV dysfunction (EF ≤ 35%),
LVH, and LV geometry considered together would improve risk
stratification for SCD.
Methods: From a community-based study of SCD in the Pacific
Northwest, we included SCD cases and controls (2002 - 2016)
who were age ≥18 with medical history and echocardiograms
available prior to their SCD event. Control subjects were
selected from the same geographic region, and were enriched
for coronary artery disease. We used multivariable logistic
regression to evaluate LVEF, echo LVH, and LV relative wall
thickness (RWT) separately as independent predictors of SCD.
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We then assessed whether an echo risk score created by
summing the number of abnormal echo findings (from 0 to 3)
predicted SCD risk.
Results: SCD cases (n=849) were somewhat older than controls
(n=476) (69.9 vs 67.8, p=0.005). Approximately two-thirds of
each group was male, and obesity was highly prevalent (42% vs
45%, p=0.30). Documented coronary disease prior to arrest was
common in SCD cases (61%), and by design in controls (68%;
p=0.02). LVEF ≤ 35% was more common among cases (27%
vs 13%, p<0.001), as was LVH (39% vs 18%, p<0.001), and
abnormal RWT <0.30 or >0.45 (vs. 0.30-0.45; p<0.001). After
adjustment for age and sex, each abnormal echo finding (LVEF
≤35%, LVH, RWT <0.30 or RWT >0.45) independently increased
odds of SCD by at least 50% (p≤0.02). An echo risk score of 3 vs
0 resulted in a six-fold higher odds of SCD (OR 6.3, 95% CI 2.9
- 13.8) (C 0.653). In comparison, a model with only LVEF ≤35%
resulted in a doubling of odds of SCD (OR 2.0, 95% CI 1.5 - 2.7,
p<0.001) (C 0.590).
Conclusion: Combining LV ejection fraction with LV mass and
geometry, all measured on the same echocardiogram, can
improve clinical prediction of SCD risk and warrants further
evaluation.

S-PO04-185
SCAR LOCATION AND ARRHYTHMIC EVENTS IN CARDIAC
SARCOIDOSIS: A COMPARISON OF FEATURE TRACKING
AND LATE GADOLINIUM ENHANCEMENT CARDIAC
MAGNETIC RESONANCE IMAGING

David Robert. Okada, MD, Eric Xie, Fabrizio R. Assis, MD,
Zimmerman L. Stefan, MD, Elzbieta Chamera, Bharath Ambale.
Venkatesh, Nisha A. Gilotra, MD, Joao Lima, Harikrishna Tandri,
MD and Jonathan Chrispin, MD. Johns Hopkins Hospital,
Baltimore, MD, Johns Hopkins University, Ellicott City, MD,
Johns Hopkins University School of Medicine, Baltimore, MD
Background: Patients with cardiac sarcoidosis (CS) may
present with atrio-ventricular block (AVB) and/or ventricular
arrhythmias (VA).
Objective: We sought to assess the relationship between
regional functional analysis and scar location with the type of
arrhythmic outcome in CS.
Methods: We included consecutive patients treated at our
institution from 2000-17 for suspected or established CS with
interpretable cardiac magnetic resonance imaging studies
(CMR). We analyzed cine CMR images using feature tracking
software to determine maximum longitudinal strain (LSmax)
in each myocardial segment. We analyzed late gadolinium
enhancement imaging using a 3-SD threshold to determine
percent scar (%scar) in the same segments. Distal and apical
segments were excluded due to variable image quality. Medical
records were reviewed for the presence of either AVB (complete
or high degree heart block) or VA (sustained ventricular
tachycardia, ventricular fibrillation, sudden cardiac death, or ICD
shock).
Results: A total of 54 patients were included (42% female,
average age 54 yrs, mean LVEF 56%), of whom 5 had AVB
and 5 had VA. Comparing patients with AVB to those without,
LSmax was significantly lower in the anteroseptal (-13.9 ± 7.0
vs -18.1 ± 1.5; p = 0.0006) and inferolateral (-8.3 ± 6.6 vs -16.9
± 9.0; p=0.04) walls; and %scar was significantly higher in the
anteroseptal wall (12.6 ± 16.8 vs 4.0 ± 6.1; p= 0.02). Comparing
those with VA to those without, no significant differences in
LSmax or %scar were observed in any territory. (Figure)
Conclusion: Among patients with suspected or established CS
undergoing CMR, regional differences in LSmax and %scar are
associated with AVB but not VA.

S-PO04-186
COMMON ABNORMAL REPOLARIZATION ON
ELECTROCARDIOGRAPHIC FINDING IN PATIENTS WITH
EPILEPSY

Haruhiko Abe, MD, Hayashi Katsuhide, Ritsuko Kohno and
David Benditt. Univ of Occup. & Environmental Health, Japan,
Kitakyushu, Japan, University of Minnesota, MN
Background: Early repolarization (ER) on electrocardiograms
(ECGs) have been considered a possible marker of increased
sudden cardiac death risk in both patients without structured
heart disease and healthy subjects.
Objective: The frequency, characteristics, and clinical followup with which these forms of ER are present in patients with
epilepsy and whether abnormal ER on ECGs contributes to
Sudden Unexplained Death in Epilepsy Patients (SUDEP) has
been unknown.
Methods: The amplitude of J peak and ST segment morphology
after ER on 12-lead ECGs were assessed and compared
between in 354 epilepsy patients (age, 33 ± 16 years; 54% men)
and 140 age- and sex-matched control subjects (age, 31 ± 12
years; 50% men).
Results: Prevalence of abnormal ER (J-wave amplitude ≥0.1
mV) was greater in epilepsy patients (19.8%) compared with
controls (8.6%; p=0.002) in inferior ECG leads, but not in lateral
leads (p=0.40). ER with a horizontal or descending ST segment
was also more prevalent in epilepsy patients (p<0.001). After
introducing anti-epileptic drugs in 36 epilepsy patients, there
were no significant ER characteristics changes, compared
before.Similarly, in 64 epilepsy patients with seizure suppression,
ER comparison before and after seizure control revealed no
significant changes. Male gender was the only significant
predictor of abnormal ER in epilepsy patients (p=0.03). During a
median follow-up of 7 years, SUDEP occurred in 2 patients, one
with abnormal ER and another without.
Conclusion: Abnormal ER may be more prevalent in epilepsy
patients than in controls and is not altered by antiepileptic drugs
or achievement of epilepsy suppression. The relation of abnormal
ER on ECGs to SUDEP remains in need of further study.

S-PO04-187
CLINICAL IMPACT OF ECTOPIC ATRIAL RHYTHM ON
PACEMAKER IMPLANTATION AND CARDIOVASCULAR
MORTALITY

Sung-Hao Huang, I-Chien Wu, Yu-Feng Hu, Pei-Fen Chen,
Yenn-Jiang Lin, MD, PhD, Shih-Lin Chang, Li-Wei Lo, Fa-Po
Chung, MD, Ting-Yung Chang, MD, Chin-Yu Lin, MD, Da-Chuan
Duan, Tze-Fan Chao, Jo-Nan Liao, MD, Cheng-I Wu, Chih-Min
Liu, MD, Chung-Hsing Lin, Jennifer Jeanne Vicera, Chun-Chao
Chen, Chye-Gen Chin, Po-Tseng Lee, Wen-Han Cheng, MD,
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Shin-Huei Liu, MD, Ching-Yao Chou, Ching-Han Liu, Isaiah
Carlos. Lugtu and Shih-Ann Chen. Heart Rhythm Center and
Division of Cardiology, Department of Medicine, Taipei Veterans
General Hospital, Taipei, Taiwan, Institute of Population Health
Sciences, National Health Research Institutes, 35 Keyan Road,
Zhunan, Miaoli County, Taiwan
Background: Ectopic atrial rhythm (EAR) is a frequent
arrhythmia. The incidence and clinical impact of EAR are
not clear. We still do not know whether EAR is a high risk
cardiovascular (CV) phenotype (e.g., the manifestation of a
diseased sinoatrial node [SAN]), or just a benign accelerated
ectopic pacemaker.
Objective: We aimed to analyze the future risk in patients with
EAR for pacemaker implantation and mortality.
Methods: A hospital-based propensity score-matched
prospective cohort study was performed. A total of 2958 patients
diagnosed with EAR by 12-leads ECG were retrieved from a
hospital-based ECG database. Each patient with EAR was 1:3
propensity-matched to control (sinus rhythm [SR]) subjects. The
primary outcomes were first pacemaker implantation, CV, and
all-cause mortality, ascertained using hospital-based medical
records and Taiwan National Death Registry.
Results: In the hospital-based ECG database, the prevalence
of EAR was 1.1% and increased with age. Patients with EAR
were older, more male, and had more co-morbidities than those
without EAR. Compared with those with SR, patients with EAR
were more likely to have pacemaker implantation (SR vs. EAR:
0.1% vs. 0.6%), higher CV mortality (1.4% vs. 3.3%), and
higher all-cause mortality (15% vs. 21%) by the Kaplan-Meier
analysis at the mean follow-up of 3.4 ± 2.3 years. EAR was not
associated with higher non-CV mortality. After adjusting for age,
gender, co-morbidities and medications in the Cox regression
multivariate analysis, individuals with EAR still had higher risk
for future pacemaker implantation (Hazard ratio [HR] = 5.5,
P <0.001), CV mortality (HR = 2.3, P <0.001), and all-cause
mortality (HR = 1.6, P <0.001). The CV mortality risk in the
presence of EAR did not differ across subgroups based on age,
gender, diabetes mellitus, hypertension, myocardial infarction,
stroke, or congestive heart failure. EAR imposed a 5-fold higher
incidence of CV death than that of pacemaker implantation.
Conclusion: EAR was an ECG risk marker independently
predicting pacemaker implantation and CV mortality. Not
merely considered as a manifestation of SAN dysfunction, the
presence of EAR was probably a phenotype of indeterminate CV
pathology.

S-PO04-188
PREDICTORS OF INCIDENT AV BLOCK IN PATIENTS WITH
SARCOIDOSIS

David G. Rosenthal, MD, Thomas A. Dewland, MD, Gregory
Nah, Eric Vittinghoff and Gregory M. Marcus, MD, FHRS.
UCSF, San Francisco, CA, Oregon Health & Science University,
Portland, OR, Univ of California, San Francisco, Medicine, Div
of Cardiology, Cardiac EP, San Francisco, CA
Background: Sarcoidosis is an infiltrative process usually
affecting the lungs, although cardiac involvement is common.
Granuloma deposition within the conduction system can result
in atrioventricular block (AVB), but characteristics predicting this
outcome among sarcoidosis patients remain largely unknown.
Objective: To describe predictors of incident AVB in sarcoidosis.
Methods: We identified subjects using the Healthcare Cost and
Utilization Project database, a longitudinal analysis of California
residents > 21 years of age who received ambulatory surgery,
emergency, or inpatient care from 2005-2011. After excluding
those with prevalent AVB, we assessed demographic variables
and medical diagnoses as predictors of new onset AVB.
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Results: Among 14,816,596 California residents, we identified
10,622 with sarcoidosis. Of these, 50 (0.5%) developed AVB
over a median 2.6 (interquartile range 2.8) years. Those who
developed AV block were more likely to be older (64.7 v 57.9
years, p=0.05) and have a preceding diagnosis of hypertension
(74% v 48%, p<0.01), coronary disease (40% v 15%, p<0.01),
stroke (10% v 3%, p=0.01), atrial fibrillation (20% v 8%,
p<0.01), heart failure (HF, 62% v 15%, p<0.01), and ventricular
tachyarrhythmias (VT, 16% v 2%, p<0.01). After adjusting for
covariates, only HF and VT remained predictive of incident AVB
among sarcoid patients (Figure).
Conclusion: Patients with sarcoidosis and a history of HF and
VT, events compatible with cardiac infiltration, are at increased
risk of developing incident AVB. These findings further elucidate
the relationship between cardiac manifestations in sarcoidosis,
which may facilitate earlier diagnosis and treatment.

S-PO04-189
DECLINING INCIDENCE OF SUDDEN CARDIAC ARREST
OVER TIME IN A US POPULATION

Eric Stecker, MD, FHRS, Kyndaron Reinier, PhD, Audrey
Uy-Evanado, MD, Harpriya Chugh, BS, Andrea Binz, Kotoka
Nakamura, Arayik Sargsyan, Jonathan Jui and Sumeet S.
Chugh, MD, FHRS. Oregon Health & Science University,
Portland, OR, Cedars-Sinai Medical Center, Los Angeles, CA
Background: Sudden cardiac arrest (SCA) is a major cause of
mortality, responsible for more than 350,000 deaths each year in
the US. Improvements in prevention and treatment of heart failure
and ischemic heart disease, as well as SCD-targeted prevention
with implantable cardioverter-defibrillators (ICDs), may have had
measurable impact o n the public health burden of SCA.
Objective: Evaluate the incidence of SCA over time, after the
introduction of ICDs for primary prevention
Methods: We evaluated cases of SCA occurring among
adults in Multnomah County Oregon between February 2002
and February 2012, with sufficient information available from
emergency medical service and/or pre-arrest medical records to
reasonably exclude non-cardiac causes. Cases were identified
if sudden, unexpected pulseless condition of likely cardiac origin
occurred among witnessed cases, or the subject was seen alive
and in usual state of health within 24 hours prior for unwitnessed
cases.
Results: A total of 2,386 cases of SCA were identified over 10
years. Over the course of the study, the proportion of females
decreased (2002-2006: 38%, 2007-2012: 32%; p=0.004) and
the mean age decreased (2002-2006: 68±15 years old, 20072012: 66±16 years old; p=0.03). The annual population-based
incidence of SCA decreased during the study period (Figure),
most notably after 2004.
Conclusion: The incidence of sudden cardiac arrest declined
progressively over time. Potential explanations, including the
relative contribution of primary prevention ICDs, require further
investigation.
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Clinical Features of patients
Clinical Features

Responsive to
Ivabradine n 7

Ivabradine non
responsive n 21

Age

2-26

14-84

Sex

M5F2

M 9 F12

Spontaneous Heart rate variation

7/7

0/21

P wave

Inferior axis 7

Mixed

EF on presentation

28

52

Automaticity on EP study

3/3

1/18

Site of origin

RAA and LAA

Mixed

S-PO04-191
S-PO04-190
IVABRADINE IN INCESSANT ATRIAL TACHYCARDIA AND
PREDICTORS OF RESPONSE
Shomu Bohora, MD and Yash Lokhandwala. UN Mehta
Institute of Cardiology and Research Center, Vadodara, India,
Arrhythmia Associates, Mumbai, India

Background: Ivabradine role in atrial tachycardia has not been
well established.
Objective: To evaluate the role of ivabradine in drug resistant
atrial tachycardia not willing to undergo EP study and RF
ablation.
Methods: Over 8 years, we enrolled 28 consecutive patients
who were not willing to undergo radiofrequency ablation
immediately. Ivabradine was added to the current medications
and response to medication was assessed at the end of 2
days. Ivabradine responsiveness was defined as termination
of tachycardia or slowing of rate of tachycardia, with relief of
symptoms and re-initiation of tachycardia on withdrawal of
ivabradine.
Results: 7 out of 28 patients responded to ivabradine.
Predictors of response to ivabradine included younger age,
spontaneous changes in tachycardia rate of more than 10% and
P wave morphology with an inferior axis. Ivabradine was well
tolerated in all patients.
Conclusion: Ivabradine can be useful in treating incessant
atrial tachycardia especially in young children having an inferior
axis of P wave and with heart rate variability >10% during the
tachycardia.

CLINICAL FACTORS AND TIME COURSE OF ATRIAL
INFLAMMATION IN PATIENTS WITH ATRIAL FIBRILLATION
AS ASSESSED BY FDG-PET
Yasushi Miyauchi, MD, FHRS, Shunsuke Uetake, MD, Mitsunori
Maruyama, MD, FHRS, Tatsuya Mitsuishi, Kenta Takanashi,
Mizuho Miyauchi, MD, Wataru Shimizu, MD and Yoshihiko
Seino. Department of Cardiovascular Meicine, Nippon
Medical School Chiba-Hokusoh Hospital, Inzai, Chiba, Japan,
Department of Cardiovascular Medicine, Health Evaluation
and Promotion Center, Yotsuya Medical Cube, Tokyo, Japan,
Department of Cardiovascular Medicine, Nippon Medical
School, Tokyo, Japan

Background: Atrial inflammation may play a significant role in
atrial fibrillation (AF). However, detection of atrial inflammation
is difficult in the clinical setting. Recently, fluorine 18
fluorodeoxyglucose positron emission tomography (FDG-PET) is
utilized for assessing inflammatory changes in the cardiac tissue.
Objective: To investigate the clinical factor and time course
of atrial inflammation by FDG-PET in patients with AF who
undergoes radiofrequency catheter ablation.
Methods: FDG-PET was performed in 20 male patients (66±8
years) with AF within 2 weeks before radiofrequency catheter
ablation. Repeat FDG-PET was performed 6-12 months after
successful ablation.
Results: Atrial FDG uptake was positive in any part of the atria
in 9 patients (45%). All of these 9 patients had persistent AF
(N=15) lasting for 2 to 60 months, and none of the 5 patients
with paroxysmal AF had positive FDG uptake. There was no
significant difference in hs-CRP (0.12±0.14 vs. 0.06±0.04 mg/
dl, P=0.29) and hs-troponin T (0.027±0.053 vs. 0.007±0.004 ng/
ml, P=0.35) between patients with positive and negative FDG
uptake. However, BNP level was significantly greater in patients
with positive FDG uptake (198±124 vs. 71±41 pg/ml, p<0.05).
Repeat FDG-PET performed in 8 of 9 patients with positive
uptake FDG in pre ablation study revealed disappearance of
FDG uptake. BNP level (219±135 vs. 36±39 pg/ml, p<0.05) and
LA dimension (47±7 vs. 43±4 mm, p=0.06) decreased in these
patients.
Conclusion: Persistence of AF and hemodynamic overload
promotes atrial inflammation that is detectable with FDG-PET.
Atrial inflammation disappears after restoration and maintenance
of sinus rhythm.
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S-PO04-193
REAL WORLD DATA OF LEFT ATRIAL THROMBUS
OCCURRENCE IN PATIENTS WITH ATRIAL
FIBRILLATION SCHEDULED FOR TRANSESOPHAGEAL
ECHOCARDIOGRAM UNDER DIRECT ORAL
ANTICOAGULANTS

S-PO04-192
SAFETY AND EFFICACY OF IBUTILIDE FOR ACUTE
CARDIOVERSION OF RHEUMATIC ATRIAL FIBRILLATION

Bharatraj Narayan. Banavalikar, MBBS, MD, CEPS-A, Sanjai
Pattu. Valappil, MBBS, MD, DM, Jayaprakash Shenthar, MBBS,
MD, DM, FACC, Deepak Padmanabhan, MBBS, MD, DM
and Sinam Inauton. Singha, MBBS, MD, DM. Sri Jayadeva
institute of Cardiovascular Sciences and Research, Bengaluru,
Bengaluru, India
Background: Ibutilide, a pure class III antiarrhythmic drug, is
approved for acute cardioversion of non-valvular atrial fibrillation
(AF). However, its safety and efficacy in patients with rheumatic
AF has not been determined.
Objective: To evaluate the efficacy and safety of intravenous
(IV) ibutilide in patients with rheumatic AF.
Methods: Consecutive patients with mild-moderate rheumatic
valvular disease and symptomatic paroxysmal or persistent
AF with normal left ventricular (LV) function were enrolled
prospectively. Exclusion criteria included patients with NYHA
class IV symptoms, left atrial (LA) clot, and prolonged QTc at
baseline (>480 ms). Serum electrolytes were measured in all
patients prior to ibutilide infusion and corrected, if necessary. IV
ibutilide tailored to body weight was administered over 10 min
and repeated after 15 min if necessary, up to a maximum dose
of 2 mg. Efficacy was determined by the rate of conversion of
AF to sinus rhythm within 90 min of ibutilide infusion. Safety
parameters included incidences of torsades de pointes (TDP)
and death within 24 hr of ibutilide infusion.
Results: From June 2016 to October 2018, 165 patients
with rheumatic AF (mean age 51.2±15.4 years; 82/165
females) received ibutilide. Previous valvular interventions
included balloon mitral valvotomy in 75 patients, closed mitral
valvotomy in 12, mitral valve repair in 14, and mitral valve
replacement in 37 patients. Mitral stenosis was observed in 98
patients with a mean mitral valve area of 1.87±0.13 mm2 and
mean gradient of 4.8±0.9 m/s. Moderate mitral regurgitation
occurred in 23 patients and mixed mitral valve disease in eight
patients. Mean LV ejection fraction and LA dimensions were
60.6±4.8% and 52.9±4.3 mm respectively. Ibutilide successfully
converted 127/165 (76.9%) patients to sinus rhythm with a
mean conversion time of 7.9±4.1 min. The QTc increased
from 419.9±15.8 ms to 487.5±34 ms after ibutilide (P<0.001).
Although TDP developed in nine patients (5.5%), only three of
them required defibrillation. There were no deaths during the
study.
Conclusion: Ibutilide effectively converts 77% of rheumatic AF
to sinus rhythm. TDP requiring defibrillation is observed in 1.8%
patients, and hence, careful monitoring is required.

Fábio Cesar. Gouvêa, Francisco Darrieux, MD, PhD, Thiago S.
Marques, MD, Leandro Garambone, MD, Ana Paula Lindoso,
MD, Denise Hachul, MD, PhD, Ana Lúcia Coimbra, RN, Luciana
Sacilotto, MD, Natalia Esteves, MD, Pedro Veronese, MD, PhD,
Tan C. Wu, MD, PhD, Martina Pinheiro, MD, Natália Olivetti, MD,
Sissy Lara, MD, PhD, Carina Hardy, MD, Cristiano Pisani, MD
and Mauricio Scanavacca, MD, PhD. Heart Institute - University
of Sao Paulo, São Paulo, Brazil, Heart Institute - University of
Sao Paulo, Sao Paulo, Brazil
Background: Direct-acting oral anticoagulants (DOAC) are an
alternative for patients (pts) with non-valvular AF, but adherence
is not always guaranteed. Transesophageal echocardiogram
(TEE) helps detect left atrial thrombus (LAT) in the context
of elective electrical cardioversion (EC) and/or AF ablation
(ABL). LAT detection with warfarin ranges from 0.25 to 5.3%.
Information about the occurrence of LAT in AF pts who
underwent EC and/or ABL under DOAC is scarse.
Objective: To analyze the LAT occurrence in pts under DOAC
for at least 3 weeks who underwent EC/ABL.
Methods: Single center, cross-sectional registry of AF pts
using DOAC, analyzed consecutively, between March/2012 and
May/2018, scheduled for EC/ABL. Continuous variables were
expressed as mean ± SD or median (IQR) based on normality of
distribution. Statistical differences were evaluated by the Student
t test or Mann Whitney U test as appropriate. Categorical
values were expressed as number and percentages. Statistical
differences were evaluated using the chi-square test. Univariate
and multivariate logistic regression analysis was performed to
identify independent factors associated with LAT.
Results: Four-hundred TEE procedures (122 in EC and 278
in ABL) of 354 pts (72% male) were evaluated. Mean age was
59.8 ± 11.4 years, mean LVEF was 59.7 ± 8.4% and mean LA
size was 43.3 ± 6.1 mm. Of the TEE performed, 11 (2.75%)
detected LAT. Spontaneous contrast (SC) was observed in 29
cases (7.23%). The mean of CHA2DS2VASC score in pts with
LAT was 3.0 ± 1.5 and in those without LAT was 1.65 ± 1.3
(p=0.016). There was an association between the presence of
LAT and age ≥75 years (p=0.003), previous stroke (p=0.006)
and age 65-74 years (p=0.04). LAT was observed in 1/6 pts with
apixaban 2.5 mg bid (16%) and 3/73 with apixaban 5.0 mg bid;
for dabigatran users LAT was detected in 2/16 (12.5%) and 1/83
(1%) for 110 mg bid and 150 mg bid, respectively; and in 4/205
for rivaroxaban 20 mg qid (2%) and 0/17 for 15 mg qid pts.
Conclusion: The incidence of LAT and SC in pcts using
DOAC in the context of CVE and/or ABL, although small, is
not negligible. Initial data also indicate that pts with greater
CHA2DS2VASC score are more exposed to this risk. Measures
to ensure adherence and/or its extension for a longer time needs
to be clarified.

S-PO04-194
QT INTERVAL IN ATRIAL FIBRILLATION-CHALLENGING
CONVENTIONAL MEASUREMENT IN THE ERA OF
ANTIARRHYTHMIC DRUG THERAPY

Aditee Dash, Cyril Torado, MD, Dali Fan, MD, PhD, Nayereh
G. Pezeshkian, MD, FHRS, Nipavan Chiamvimonvat, MD and
Uma N. Srivatsa, MBBS, MS, FHRS. University of California
Medical Center - Davis, Sacramento, CA, Altru Family Medicine
Residency, Grand Forks, ND, University of California, Davis
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Medical Center, Sacramento, CA, UC Davis Medical Center,
Gold River, CA, Univ of California at Davis, Cardiology, Davis,
CA, UC Davis, Sacramento, CA
Background: QT interval measured in the electrocardiogram
(ECG) varies with RR interval; number of complexes needed to
calculate QTc in Atrial fibrillation (AF) is unknown. Bazett formula
overestimates the QTc, thus impacting anti-arrhythmic drug
utilization in AF.
Objective: To identify the ideal lead, number of complexes and
the formula that correlates best between AF and sinus rhythm
(SR).
Methods: We identified ECGs from patients with AF before
and after conversion to SR. We excluded patients treated with
drugs and clinical conditions that prolong QT interval. QTc was
calculated from all the leads using the formulae: Bazett (BF),
Fridericia (FF), Framingham(FrF), Hodges (HF), Saige (SF) and
Rautaharju (RF) during AF and SR. After identifying the lead with
best linear correlation, we calculated QTc following the longest
RR, multiple QRS complexes and average automated RR
interval during AF and compared to QTc during SR.
Results: Between AF and SR in 52 patients (male 69%, age 63
+ 9 yrs, hypertension 62%, Diabetes 17%), Lead II correlated
best in majority of the formulae. QTc was consistently shorter
with linear formulae. While BF overestimated QTc, FF correlated
best comparing AF vs SR (416 + 33 vs 411 + 38 msec, ns)
calculated from single, multiple or average automated RR
interval. Bland Altman analysis of the average of the automated
QTc compared with the delta of individual automated QTcs
shows that the mean difference in the Fridericia Formula has the
best agreement between the QTc values.
Conclusion: BF in commercial software is not ideal for
measurement of QTc in AF, FF in lead II from the average RR
from automated ECG measurement maybe utilized for the
calculation of QTc.

AF remains unknown.
Objective: To determine the incremental yield of AF detection
when AECG monitoring is extended from 14 to 28 days.
Methods: In a retrospective analysis, the time of the first
documented AF was noted for 2684 randomly selected patients
who had undergone AECG monitoring with the BodyGuardian
Heart device (Preventice Solutions, Inc). Figure (1a) shows
the frequency distribution of days till the first AF detection.
Figure (1b) shows the number of AF patients that would remain
undetected if AECG was not extended to 28 days. Figure (1c)
shows the additional patients detected, for a minimum duration
of AF, by monitoring beyond 14 days to the full 28 days.
Results: At least one AF event was present for 1598 patients
(59.5%). Had ECG monitoring been truncated at 14 days, 247
(15.5%) patients with AF would have been missed (Figure 1b).
This includes 105 (6.6%) patients with > 1 hour of AF and 58
(3.6%) patients with > 6 hours of AF.
Conclusion: In patients undergoing AECG monitoring, if
detection of AF is the goal, monitoring should be extended to
28 days. This is the longest feasible duration based on current
coverage guidelines. Truncating duration of monitoring is
associated with “missed” AF in 15.5% of patients; many of whom
have > 1 hour of AF.

S-PO04-196
SERUM BNP LEVELS AT TIME OF LEFT ATRIAL
APPENDAGE (LAA) OCCLUSION AND ASSOCIATION WITH
LAA MORPHOLOGY
Arvindh N. Kanagasundram, MD, FHRS, Ricardo Miguel. Lugo,
MD, Rachel Schreier, Robert Piana and Christopher R. Ellis,
MD, FHRS. Vanderbilt University, Brentwood, TN, Vanderbilt
University Medical Center, Nashville, TN, Vanderbilt Heart and
Vascular Institute, Cardiology, Nashville, TN

S-PO04-195
IMPACT OF STUDY DURATION ON DETECTION OF ATRIAL
FIBRILLATION IN PATIENTS UNDERGOING AMBULATORY
EXTERNAL ECG MONITORING

Pooja Mehta, Benjamin Adam Teplitzky, Michael McRoberts and
Suneet Mittal, BA, MD, FHRS. Preventice Solutions, Houston,
TX, Preventice Solutions, Eagan, MN, Preventice Solutions,
Rochester, MN, The Valley Hospital, New York, NY
Background: Single-lead patch-based ambulatory external ECG
(AECG) monitoring devices are being used for diagnosis of atrial
fibrillation (AF). These AECG systems can be used for up to a
month; however, in many instances, monitoring is terminated
after just 1-2 weeks. The loss of diagnostic yield with respect to

Background: The left atrial appendage (LAA) is the main source
of BNP in patients with AF and its myocardium has the highest
density of natriuretic peptides in the heart. Serum BNP levels
correlate with the presence of spontaneous echo contrast,
reduced LAA ejection velocity <20cm/sec on TEE, and left atrial
(LA) thrombus in patients with non-valvular atrial fibrillation
(NVAF).
Objective: To determine whether the morphology of the LAA
is associated with serum BNP levels adjusted for left atrial
pressure (LAP) at the time of LAA device closure.
Methods: All subjects were prospectively enrolled in the
Vanderbilt LAA registry. Serum BNP was collected in 59
consecutive patients with NVAF who presented for LAA
occlusion (Watchman, or IDE for LARIAT, Amulet or Watchman
FLX). LAA measurements were performed using biplane transesophageal echocardiography (TEE) with ostial dimensions in
two orthogonal (0/90, and 45/135 degree) planes and maximal
depth from ostium. Left atrial filling pressures were transduced at
the time of sample collection.
Results: Serum BNP correlated with LA mean pressure
(p=0.013), BMI (p=0.023) and LAA maximal depth (p=0.018)
on Pearson’s test. In linear regression analysis, the association
between BNP and LAA maximal depth persisted after
normalizing for mean LA pressure (p=0.012). This relationship

S404
persisted in multi-variable analysis after controlling for BMI,
Creatinine, EF and CHADS2VASC score (p=0.028).
Conclusion: In patients with NVAF presenting for LAA
occlusion, serum BNP is associated with LAA morphology with
significant association with LAA depth. This may reflect that the
deeper LAA has more atrial tissue leading to increased serum
BNP.
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Parameter
Number of treated patients
(N= 562)
CHADS-VASc (Mean +SD)
HASBLED (Mean +SD)
Post-operative AF (POAF)
detected (N=284)

LAAE Arm

No-LAAE Arm

376

186

3.4 ± 1.18
2.8 ± 0.68

3.4 ± 1.12
2.9 ± 0.65

47% (178/376)

38% (70/186)

CVA rates in patients for whom
1.7% (3/178)
POAF was detected

Comments

p=NS
p=NS
44% (248/562)
overall POAF
rate

5.7% (4/70)

p = 0.08

CVA rates in patients
1.6% (6/376)
irrespective of POAF detection

4.8% (9/186)

p=0.02

50% (3/6)
Contribution of Strokes Vs TIA
Strokes, 50%
towards overall CVA rate
(3/6) TIAs

77% (7/9)
Strokes, 29%
(2/9) TIA

Conclusion: At 3 months, prophylactic LAAE in cardiac surgery
patients with elevated CHADS2VASc and HASBLED resulted
in significantly lower CVA incidence, without increase in AEs.
Further trials to evaluate the long-term effects of LAAE during
cardiac surgery are needed.

S-PO04-198
S-PO04-197
PROPHYLACTIC LEFT ATRIAL APPENDAGE EXCLUSION
REDUCES STROKE INCIDENCE IN HIGH RISK CARDIAC
SURGERY PATIENTS: RESULTS FROM THE ATLAS
RANDOMIZED CONTROLLED TRIAL

Marc William. Gerdisch, MD, FHRS, H. Edward Garrett Jr., M.D.,
Mubashir Mumtaz, MD, FACS, FACC, John Grehan, MD, PhD
and Basel Ramlawi, MD, MMSc. Franciscan St Francis Health,
Indianapolis, IN, Cardiovascular Surgery Clinic, Memphis, TN,
Pinnacle Health Cardiovascular Institute, Harrisburg, PA, Allina
Health Clinic, St Paul, MN, Valley Health System - Heart &
Vascular Center, Winchester, VA
Background: Patients without history of AF undergoing cardiac
surgery (CS) have a high incidence of new onset post-operative
AF (POAF). While POAF is typically transient, it may occur
several days after surgery and is a predictor of recurrent AF,
which may go undetected. Since AF is a stroke risk, there may
be an indication to manage patients prophylactically. As clots
in AF arise frequently in the LAA, LAA exclusion (LAAE) during
cardiac surgery may reduce strokes in high risk patients.
Objective: ATLAS, a prospective, multicenter, randomized trial
was conducted to determine the cerebrovascular event rate
(CVA, stroke + TIA) in CS patients without AF history, but with
elevated AF stroke and bleeding risk (CHA2DS2-VASc=>2,
HASBLED=>2) undergoing concomitant LAAE vs without LAAE.
Methods: 562 patients were randomized 2:1 to LAAE Vs NoLAAE. LAAE was done using epicardial AtriClip©. Both arms
received institutional standard treatment on POAF detection.
As POAF incidence is highest in early post-operative period, an
analysis of CVA rates at 3 months post-procedure was done.
The adverse events (AEs) were adjudicated by an independent
medical reviewer. Patients are followed to 12 months, which is
underway.
Results: The baseline characteristics in both arms were similar.
Intraoperatively 99% patients had no flow between LAA and
LA, 98.4% had LAA remnant < =10 mm. No major device or
procedural AEs were attributed to LAAE.

UTILIZATION AND INHOSPITAL ADVERSE OUTCOMES
ASSOCIATED WITH WATCHMAN DEVICE

Abhishek J. Deshmukh, MD, FHRS, Shilpkumar Arora, Nandini
Mehra, Byomesh Tripathi, Vaibhav Vaidya, MBBS, Awani
Deshmukh, Apurva Badheka, MD, CCDS, Paul A. Friedman,
FHRS, Thomas M. Munger, MD, FHRS and David R. Holmes,
MD. Mayo Clinic, Rochester, MN, Mount Sinai St Luke’s
Roosevelt Hospital, New York, NY, Mount Sinai St. Luke’s-West
hospital, New York, NY, University of Miami, Miami, FL
Background: The FDA approval of Watchman device
[percutaneous left atrial appendage occlusion (LAAO)] has
resulted in widespread use of this procedure in many centers
across United States
Objective: We sought to estimate the nationwide utilization and
frequency of adverse outcomes associated with this procedure.
Methods: The National Inpatient Sample (NIS) was queried for
all adult patients (pts) with primary diagnosis of atrial fibrillation
or flutter during the year 2016 who had percutaneous LAAO
during the same admission. (ICD 10 code - 02L73DK )The
incidence of peri-procedural complications including mortality,
stroke, major bleeding requiring blood transfusion, pericardial
effusions and vascular access complications was assessed.
We also compared the complication rates with the published
randomized control trials and the European registry.
Results: Estimated 5175 LAAO procedures were performed
in 2016. Majority of the patients were male (59.1%) , age > 75
years (58.6%) , Caucasians (83%). The overall complication
rate was 1.93%. The in hospital mortality was 0.29%. Pericardial
effusion requiring pericardiocentesis was the most frequent
complication (0.6%).Bleeding requiring transfusion was noted
in 0.1% of implants. The rates of ischemic stroke , hemorrhagic
stroke and systemic embolism were 0.1% , 0.29% and 0.29%
respectively. Table1 shows comparison of complication rates
between NIS data , PROTECT AF , PREVAIL , CAP registry and
the EWOLUTION cohort.
Conclusion: Percutaneous LAAO using the Watchman device
in the US is associated with low in-hospital complications and
similar safety profile to a recently published EWOLUTION cohort
and lower than the RCTs.
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Table 1
PROTECT
CAP
AF

EWOLUTION
PREVAIL
cohort

NIS

Total implants (n)

408

460

265

1025

5175

Overall complications (%)

1.6

0.2

0.4

0.09

0.29

Pericardial effusion requiring
2.4
surgery(%)

1.2

1.5

0.29

0.68

Pericardial effusion with
pericardiocentesis (%)

2.4

1.2

1.5

0.29

0.68

Procedure-related strokes
(%)

1.1

0

0.7

0

0.1

Mortality (%)

0

0

0

0.39

0.29

S-PO04-199
EPICARDIAL-ONLY APPROACH TO LEFT ATRIAL
APPENDAGE LIGATION

Jose M. Sanchez, MD, Adam C. Lee, MBBS, CEPS-A, CCDS
and Randall J. Lee, MD, PhD. UCSF, San Francisco, CA,
University of San Francisco, San Francisco, CA, University of
California, San Francisco, Cardiac EP, San Francisco, CA
Background: Atrial fibrillation is the leading cause of stroke, and
the left atrial appendage (LAA) is the most common source of
thrombus. A percutaneous suture delivery system (LARIAT) for
LAA closure has emerged, however this requires simultaneous
endo-epicardial access. We describe a new epicardial-only
approach for LAA closure.
Objective: To assess the feasibility and safety of a novel
epicardial-only approach to LAA ligation in an animal model.
Methods: The pericardium of 5 dogs was accessed via
percutaneous subxyphoid approach. A 20F epicardial cannula
was inserted and contrast injected. Under fluoroscopic guidance,
a suction cup (VacCup) catheter was inserted and attached
to the LAA. A LARIAT suture device was then loaded over
the VacCup catheter to close the LAA. Closure of the LAA
was verified with TEE and LA angiography. All animals were
sacrificed for post hoc assessment of LAA closure.
Results: The VacCup easily captured the apex of the LAA.
The LAA was completely closed with the LARIAT device as
assessed by TEE. An appendagram was performed in two
animals confirming complete LAA closure (Figure 1A). Post
hoc assessment was notable for a small well-circumscribed
hematoma on the LAA, consistent with point of VacCup
attachment, as well as complete closure of the LAA (Figure 1B).
No laceration or perforation was noted on the LAA.
Conclusion: Exclusion of the LAA via a novel percutaneous
epicardial-only approach was successful without complications.
This demonstrates the feasibility, efficacy, and safety of this
technique in an animal model, and may provide an effective
approach for epicardial-only LAA exclusion in humans.

INCIDENCE AND PREDICTORS OF DEVICE-RELATED
THROMBUS AFTER LEFT ATRIAL APPENDAGE CLOSURE:
INSIGHTS FROM A META-ANALYSIS
Mohamed A. Bassiouny, MBChB, MD, Domenico Giovanni.
Della Rocca, MD, Sanghamitra Mohanty, MBBS, MD, MS,
FHRS, Chintan G. Trivedi, MD, MPH, FHRS, Qiong Chen,
Alfredo Chauca Tapia, Carola Gianni, MD, PhD, J. David
Burkhardt, MD, FHRS, Javier E. Sanchez, MD, Patrick M.
Hranitzky, MD, FHRS, G. Joseph Gallinghouse, MD, FHRS,
Amin Al-Ahmad, MD, FHRS, CCDS, Rodney P. Horton, MD,
FHRS, Luigi Di Biase, MD, PhD, FHRS and Andrea Natale,
MD, FHRS. Texas Cardiac Arrhythmia Institute, Austin, TX,
Texas Cardiac Arrhythmia Institute, St. David’s Medical Center,
Austin, TX, St. David’s Medical Center, Austin, TX, Texas
Cardiac Arrhythmia Institute, Electrophysiology, Austin, TX,
Texas Cardiac Arrhythmia, Austin, TX, Texas Cardiac Arrythmia
Institute, Austin, TX, Albert Einstein College of Medicine at
Montefiore Hospital, New York, NY, Texas Cardiac Arrhythmia
Institute at St. David’s Medical Center, Austin, TX

Background: Transcatheter left atrial appendage (LAA)
occlusion is an effective alternative to oral anticoagulation for
stroke prevention in patients with atrial fibrillation (AF). Thrombus
formation on device (TOD) is a possible finding during follow-up
after LAA occlusion.
Objective: We performed a meta-analysis to assess the actual
incidence and predictors of thrombus formation on devices in
patients with AF who were treated with LAA closure device.
Methods: We searched MEDLINE database up to November
2018; we included all studies published as a full-text, reporting
the incidence of TOD following LAA occlusion.
Results: Eight studies comprising 2548 patients (Watchman
devices: 2272; Amulet devices: 276) were included in the metaanalysis. TOD was documented in 135 cases (5.3%). The
incidence of stroke/transient ischemic attach (TIA) was 15.6%
(21/131; 7 studies) in the TOD Group and 6.25% (139/2224; 6
studies) in the non-TOD Group (p<0.001). TOD did not correlate
with age, gender, AF type, device size, or HAS-BLED score.
Patients without TOD had lower CHA2DS2-VASc score (RR:
0.61; 95% CI: 0.1-1.12; p=0.02) and higher LAA velocity (RR:
-16.4; 95% CI: -28.6 - -4.12; p=0.009). History of stroke/TIA
(RR: 1.61; 95% CI: 1.13-2.3; p=0.008), vascular disease (RR:
1.82; 95% CI: 1.15-2.88; p=0.01), and coronary artery disease
(RR: 1.72; 95% CI: 1.11-2.5; p=0.01) were associated with a
significantly higher risk of TOD.
Conclusion: In patients with LAA occlusion, the incidence of
TOD is nearly 5% and is associated with a significantly higher
risk of stroke/TIA. Further research is needed to elucidate the
best strategies for TOD prevention.

S-PO04-201
RISK OF PROGRESSION TO MALIGNANT VENTRICULAR
ARRHYTHMIAS IN CARRIERS OF THE CARDIOMYOPATHY
CAUSING (PLN) P.ARG14DEL MUTATION
Tom Emile. Verstraelen, MD, MS, Freyja H.M. van Lint, Laurens
P. Bosman, MD, F. W. Asselbergs, MD, PhD, Paul A. van der
Zwaag, MD, PhD, M. P. van den Berg, Peter van Tintelen,
MD, PhD and Arthur A. M. Wilde, MD, PhD. Amsterdam UMC,
University of Amsterdam, Amsterdam, Netherlands, UMC
Utrecht, Utrecht, Netherlands, University Medical Center
Groningen, Groningen, Netherlands
Background: The founder mutation p.Arg14del in the gene
encoding phospholamban (PLN) is a known cause of dilated
cardiomyopathy (DCM) and arrhythmogenic cardiomyopathy
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(ACM). With cascade screening an increasing number of carriers
of the PLN p.Arg14del mutation are identified. Currently, their
risk of developing malignant VA’s compared to probands is
unclear.
Objective: To determine the risk of developing malignant
arrhythmias in initially arrhythmia free PLN p.Arg14del mutation
carriers.
Methods: Data were collected from p.Arg14del carriers,
identified between September 2009 and July 2018 in three Dutch
university hospitals. Genetic analysis of PLN was performed in a
clinical setting in index patients with clinical signs of DCM/ACM,
or in family members of p.Arg14del carriers. Malignant VAs
were defined as sustained VA, appropriate ICD intervention or
(aborted) sudden cardiac death.
Results: We evaluated 374 carriers without malignant VA at
presentation of a total cohort of 448 carriers. 79 were probands
and 295 were family members. At presentation, carriers had a
mean age of 41 (+/-17SD) and a median left ventricular ejection
fraction of 55% (IQR 45 - 60). Median follow-up was 4.4 years
(IQR 1.6 - 6.8). During follow-up, 41 (11%) carriers developed
malignant VA. Figure 1 shows a Kaplan Meier curve with
malignant VA free survival during follow-up stratified by proband
status. Significance was tested with the log-rank test.
Conclusion: Carriers of the p.arg14del mutation in PLN are
at significant risk of malignant ventricular arrhythmia’s. Family
members have a significantly lower risk of malignant ventricular
arrhythmia’s compared to probands.

S-PO04-202
PHOSPHOLAMBAN (PLN) P.ARG14DEL
CARDIOMYOPATHY: INSIGHT INTO AGE-RELATED
PENETRANCE OF CARDIAC PHENOTYPE AND
MALIGNANT VENTRICULAR ARRHYTHMIAS FROM A
LARGE MULTICENTER REGISTRY

Tom E. Verstraelen, MD, MS, Freyja H. van Lint, Laurens P.
Bosman, MD, F. W. Asselbergs, MD, PhD, Paul A. van der
Zwaag, MD, PhD, M. P. van den Berg, MD, PhD, J. P. van
Tintelen, MD, PhD and Arthur A. Wilde, MD, PhD. Amsterdam
UMC, University of Amsterdam, Amsterdam, Netherlands,
UMC Utrecht, Utrecht, Netherlands, University Medical Center
Groningen, Groningen, Netherlands
Background: The founder mutation p.Arg14del in the gene
encoding phospholamban (PLN) is a known cause of dilated
cardiomyopathy (DCM) and arrhythmogenic cardiomyopathy
(ACM).
Objective: To demonstrate the age-related penetrance of
cardiac phenotype and malignant ventricular arrhythmia’s (VA) in
carriers of the PLN p.Arg14del mutation.
Methods: Genetic analysis of PLN was performed in a clinical
setting in index patients with clinical signs of DCM/ACM, or in
family members of p.Arg14del carriers between 2009 and 2018.
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A cardiac phenotype was defined as sustained VA, appropriate
ICD interventions, (aborted) sudden cardiac death or at least one
episode of clinical heart failure. Malignant VAs were defined as
sustained VA, appropriate ICD intervention or (aborted) sudden
cardiac death.
Results: We evaluated 448 p.Arg14del carriers with a mean age
of 42 +/- 17 (SD) and mean ejection fraction of 51 +/- 15% (SD)
at first cardiac evaluation. Of the 448 carriers, 109 (24.3%) were
probands and 339 (75.7%) were family members. 127 (28%)
carriers developed a cardiac phenotype, of which 77 (61%)
developed malignant VA. Figure 1a and 1b show a Kaplan Meier
curve with age as time scale, and age at cardiac phenotype and
age at malignant VA respectively as event.
Conclusion: The prevalence of a cardiac phenotype is 50% at
age 70 in carriers of the p.Arg14del mutation in PLN. Cardiac
phenotypes emerge from adolescence to senior age. This
suggests the need for life-long clinical cardiac follow-up starting
from adolescence. Furthermore, p.Arg14del carriers are at
serious risk of malignant VA during their entire lifetime, which
supports the use of ICD therapy in a subset of p.Arg14del
carriers.

S-PO04-203
PREDICTING RESPONSE TO CARDIAC
RESYNCHRONIZATION THERAPY BY MACHINE LEARNING
Filip Plesinger, PhD, Pavel Jurak, Ph.D., Josef Halamek,
Ph.D., Ivo Viscor, Ph.D., Pavel Leinveber, MSc., Antonius van
Stipdonk, MD, Uyên Châu. Nguyên, MD, Ph.D., Kevin Vernooy,
MD, Mathias Meine, MD, Alexander H. Maass, MD and Frits
W. Prinzen, PhD. ISI of the CAS, v.v.i., Brno, Czech Republic,
ICRC, St. Anne’s University Hospital, Brno, Czech Republic,
Maastricht University Medical Centre, Maastricht, Netherlands,
Maastricht University, Maastricht, Netherlands, Cardiovascular
Research Inst. Maastricht, Maastricht, Netherlands, University
Medical Center, Cardiologie, Utrecht, Netherlands, University
Medical Center Groningen, Groningen, Netherlands

Background: Cardiac Resynchronization Therapy (CRT) is
usually used in patients with a conduction disturbance in heart
ventricles. However, reliable identification of CRT responders
and non-responders remains an open question.
Objective: Our goal was to automatically build a model for
distinguishing CRT responders regardless of any kind of
conduction disturbance.
Methods: ECG recordings from a 3-center database (N=922;
632 males, age 66±11; QRS duration 159.4±19.6 ms) were fully
automatically processed using 10-sec signal-averaged ECG
(fs=250-500Hz). Then, 566 recordings from 2 centers were
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used for automated feature selection and training of the logistic
regression model, resulting in a model composed of 5 ECG
features (QRS shape descriptors based on Frank leads), BMI
and creatinine level. The model was applied to the remaining
356 recordings, from the 3rd center to check model validity.
Finally, the model coefficients were re-trained using 60% of the
mixed population. The strength of stratification to the endpoint of
all-cause mortality, LVAD or heart transplant was compared by
the log-rank test.
Results: Stratification based on the model median showed a
Hazard Ratio of 3.09 (95% CI 2.27-3.83, p<0.0001), which was
higher than stratification using left-bundle-branch block status
leading to a Hazard Ratio of 1.72 (95% CI 1.36-2.6, p=0.0002).
The results also show the potency of machine learning in
unbiased signal analysis.
Conclusion: We present a logistic regression model that is
strongly associated with long-term clinical outcome to CRT.
The use of automated ECG analysis may make this approach
suitable for future clinical use.

S-PO04-204
FUNCTIONAL PROPERTIES OF PACED QRS COMPLEX
FROM LOW RIGHT ATRIAL SEPTUM: OBSERVATIONS IN
PATIENTS WITH COMPLETE HEART BLOCK

Rehan Mahmud, MD, Anas Obeid, Yousaf Bader, Stacey L.
Kukla, BSN and Brenda L. Harris, ADN, CCRN, CEPS. McLaren
Bay Region, Freeland, MI, Mclaren Bay Region, Caro, MI,
McLaren Bay Region, Bay City, MI
Background: Patients (pts) with complete heart block (CHB)
and congestive heart failure (CHF) often have no identifiable His
bundle (HB) electrogram (EGM) to allow HB pacing.
Objective: As HB paced complex have unique characteristics,
we hypothesized that the pace mapping (PM) at typical site of
HBE, i.e., low right atrial septum (LRAS) may identify sites with
paced complex similar to HB paced QRS complex.
Methods: In twelve pts with CHB, 8/12 pts were unresponsive
to biventricular pacing (Bi-V non-responders), 4/12 had right
ventricular pacemakers. All pts had refractory CHF and were
referred for HB pacing. Using an active fixation lead, the LRAS
was pace mapped. The site where pacing produced a normal
QRS axis with the narrowest QRS duration (QRSD) was used
as site for active fixation (LRAS group). Pacing was done with
increasing pacing voltage(V) (from threshold + 1V up to 5V) and
increasing pacing rates (from sinus+10 bpm and then 40 bpm
faster). The effect on QRS duration (QRSD) and QRS axis was
recorded and compared with a control group of 15 patients with
left bundle branch block (LBBB group), who underwent a similar
pacing protocol.
Results: In the LRAS group, the paced QRSD decreased
from 165±25ms to 138±20 ms (p=0.02) with low V pacing and
decreased further to 118±17 ms (p=0.001) with higher V pacing.
No pacing rate related QRS widening was seen in LRAS group.
The paced QRS axis became normal in LRAS group (from
-22±56 to +47±16). In the LBBB group, the baseline QRSD

was 160±19 ms, it decreased to 136±25 ms with low V pacing
(p=0.01); QRSD further decreased to 120±22 ms with high V
pacing. The QRS axis in LBBB group decreased from -10±4 to
+36±30. 4/15 pts with LBBB showed rate related widening.
Conclusion: 1) LRAS mapping can identify sites where paced
QRS complexes have functional properties similar to HB paced
complex in LBBB.2) QRS narrowing along with normalizing
of QRS axis suggests that HPS conduction may resume in
CHB not unlike LBBB; and may be therefore also be a voltage
dependent phenomenon,. 3) High voltage pacing devices may
be required for optimal narrowing of QRSD in pts with CHB.

S-PO04-205
GENDER DIFFERENCES IN ARRHYTHMIA BURDEN
FOLLOWING CRT-D UTILIZING HIS BUNDLE PACING : A
CARELINK ANALYSIS

Aysha Arshad, MD, FHRS, Lauren B. Cooper, MD and Tracy
Bergemann. Carient, Manassas, VA, Inova, Falls Church, VA,
Medtronic, Minneapolis, MN
Background: Studies suggest that women with heart failure with
reduced ejection fraction (HFrEF) treated with CRT-D are less
likely to experience appropriate and inappropriate ICD therapies
compared to men.
Objective: To investigate the relationship between gender and
device-detected atrial and ventricular arrhythmias after CRT-D
implant in HFrEF patients using a lead for His bundle pacing
(HBP).
Methods: A retrospective analysis of CRT-D devices
incorporating HBP lead (3830) was performed using deidentified data from US patients enrolled in the Medtronic
CareLinkTMdatabase. All the patients included in this analysis
were identified via device registration. Only patients with an
indication for cardiomyopathy and at least one transmission >
30 days post-implant were included. Device-detected arrhythmia
rates were compared between genders using negative binomial
regression
Results: 321 patients with cardiomyopathy and HFrEF
underwent HBP during a de novo CRT-D implant. Reported
gender was 115 women (36%) and 206 men (64%). The amount
of transmission follow-up was equal between genders, averaging
9.6 ± 7.7 months. The average atrial arrhythmia burden was
higher in men (1.7 hours/day in women and 2.8 hours/day in
men p-value=0.32). The device-detected ventricular burden and
shock rates were also higher in men with a three-fold increase in
the VT/VF episode rate (p-value = 0.05) and a 1.3-fold increase
in the VF episode rate (p-value = 0.46) (see Figure).
Conclusion: Women with HBP at time of CRT-D implant
experience significantly less AF, VT/VF, and fewer shocks over
time compared to men. This is similar to published arrhythmic
benefit of CRT-D in women and needs further study.
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S-PO04-206
EFFECT OF PACING PARAMETERS IN PATIENTS WITH
ACUTE AND CHRONIC CONDUCTION BLOCK OF HIS
PURKINJE SYSTEM: OBSERVATIONS USING ACTIVE
FIXATION HIS BUNDLE PACING LEAD

Rehan Mahmud, MD, Kim Heath, RCIS, Mirza Rasheed, MD
and Kalil Masri, MD. McLaren Bay Region, Freeland, MI
Background: The electrophysiological mechanism which
causes sinus impulse to block(B) in the His Purkinje system
(HPS) is unknown. Conduction block occurs both in chronic
HPS disease e.g., left anterior fascicle block (LAFB), left bundle
branch block (LBBB) as well as following acute trauma during
active fixation of His Bundle (HB) pacing lead.
Objective: We studied the effect of pacing voltage (V), and
pacing rate on QRS duration (QRSD) and QRS axis in patients
with acute as well as chronic HPS conduction block
Methods: Data was obtained from pts who underwent HB
pacing with active fixation lead. QRS duration (QRSD) and QRS
axis were recorded while pacing with low V (from threshold +
1V) to high V (up to 5V), and while pacing at rates from sinus+10
bpm and then pacing 40 bpm faster.
Results: Group 1: In 20 pts with normal QRSD and QRS axis
the paced QRSD increased from 88±12 ms to 103±15 ms
(P=0.006) when paced at low V, however, narrowed to 86±12
ms at high V(P=ns compared to baseline). Acute complete heart
block (CHB) in 3 pts, but resolved with both low V and high
V pacing. No change in QRSD was noted at low versus high
pacing rates. Group 2: In 15 patients with LAFB, the leftward
QRS axis (-38°±6) normalized to +21°±22, at low V in 9 pts) and
required up to 5V in remaining pts (p=0.0001). QRSD prolonged
at low V pacing (108±14 ms, p=0.005) but narrowed with higher
V (99±10 v 97±9 at baseline p=ns). No change in QRSD was
noted with higher pacing rates. Group 3: In 18 pts with LBBB,
QRSD of 166±19 ms decreased with low V (136±14. P=0.005)
and decreased further with high V (120±25 p=0.004). QRS axis
decreased from baseline of -10°±42 to +36°±3 (p=0.02). In 5 of
18 patients QRSD widened at higher pacing rates.CHB occurred
in 4 pts which resolved with low V pacing.
Conclusion: 1. Both the acute and chronic conduction blocks
are voltage dependent and resolve when higher voltage is
delivered. 2. Normal QRS axis is obtained with HB pacing even
when QRSD remains prolonged in LBBB.3.The QRS widening
seen in narrow QRS pts with low V pacing reflects acute local
HPS conduction block as it resolves with H voltage pacing. 4.
Our data suggest that high voltage pacing may be required
for maximal reduction of QRSD and to normalize QRS axis in
some pts with LAFB. Voltage adjustment for pacing rates would
address rate related QRS widening in LBBB.

S-PO04-207
LEFT VENTRICULAR LEAD PLACEMENT USING ACTIVE
FIXATION AND PASSIVE FIXATION LEADS FOR CARDIAC
RESYNCHRONISATION THERAPY: DOES IT IMPACT FINAL
LEAD POSITION?
Michael Chapman, MBChB, Nicholas John Linker, BSc,
MBChB, MRCP, MD, Matthew G. D. Bates, MBChB, PhD,
Saher Anwar, MBChB, Matthew J. Dewhurst, MBBS, Jenna
McMinn, MBChB, Andy Thornley, MBBS, MRCP and Andrew
John Turley, MBChB, MD. The James Cook University Hospital,
Middlesbrough, United Kingdom
Background: Targeted LV lead placement for CRT results in
reduced heart failure hospitalisation and mortality. Apical LV
lead placement is associated with increased mortality. In the
majority of patients, optimal LV activation occurs in basal-to-mid
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segments.
Objective: We compared basal LV lead positioning between
active (Medtronic Attain StabilityTM) and passive fixation leads.
Safety measures were procedure time, fluoroscopy dose and
contrast volume.
Methods: Data were collected retrospectively from all implants
utilising this active fixation lead. In order to quantify positioning,
the most basal LV lead electrode was measured along a line
perpendicular to the CS from images obtained in an RAO
projection (fig 1). Distances from the CS were compared
between all active fixation leads and consecutive passive fixation
leads implanted before May 2018 (1:1). All implants acquire
images in LAO 45o, PA and RAO 30o.
Results: A total of 152 implants were assessed, mean pt age
70.0 ±10.9 yrs, 75% male. There were no differences between
age, gender, ejection fraction or device upgrade status between
groups (p > 0.05). Lead placement was analysed in 29.4o (±2.8)
RAO. Mean proximal electrode distance in active fixation leads
was 23.6mm (±18.9) vs 36.6mm (±18.0), p <0.001. There were
no differences in procedure time (130.7 vs 129.3mins, p=0.79),
fluoroscopic dose (23,885 vs 19,800 mGy, p=0.20) or contrast
volume (25.6 vs 20.9ml, p=0.29).
Conclusion: CRT utilising active fixation LV leads results
in a more basal lead position without significant alteration in
procedure time, fluoroscopic dose or contrast volume. Further
work will assess whether this alters clinical outcome or lead
displacement rates.

S-PO04-208
FIRST CLINICAL USE OF NEW VENDOR INDEPENDENT
SOFTWARE FOR IMAGE GUIDED LV LEAD PLACEMENT
DURING CARDIAC RESYNCHRONIZATION THERAPY

Frebus van. Slochteren, MSci, PhD, Odette A. Salden, PhD
candidate, Thijs H. van den Broek, PhD candidate, Wouter
M. van Everdingen, PhD, Paul W. Leufkens, MBA, Pieter A.
Doevendans, Professor and Mathias Meine, MD. University
Medical Center Utrecht, Utrecht, Netherlands, CART-Tech B.V.,
Utrecht, Netherlands, University Medical Center, Cardiologie,
Utrecht, Netherlands
Background: Response to CRT can be improved by targeting
the LV lead to a segment with no infarction and late mechanical
contraction. CARTBox software for image guided LV lead
placement provides a new and promising method.
Objective: Investigate the feasibility of targeted LV lead
implantation towards a predefined target identified by CARTBox.
Methods: In 15 patients LV lead targets were identified based
on myocardial infarction and latest mechanical contraction
assessment by late gadolinium enhanced and CINE-MRI.
The left phrenic nerve (LPN) and coronary sinus ostium were
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identified on cardiac CT. The targets are registered with live
fluoroscopy images during the procedure. The LV lead is
implanted away from infarcted tissue and LPN and towards
the segment with late mechanical contraction. After LV lead
placement, the distances to infarct, latest contracting segment,
and LPN were measured, as well as electrical delay (QLV).
Results: Fifteen patients were included (8 ischemic, 10 LBBB,
1 RBBB, QRS-width 165±24ms). In all patients a quadripolar LV
lead was implanted without LPN stimulation (>10V@0.5ms) and
low pacing threshold (0.6±0.4V@0.5ms). LV leads were placed
significantly closer to the target area compared to patients
from the non-target group (8mm [IQR: 0-22] versus 26mm
[IQR 17-46], p=0.04). All patients in the target group where
echocardiographic responders after 6 months. Mean distance
of the pacing electrode to the infarct and LPN was 2.90±1.21cm
and 3.48±2.69cm, respectively. QLV was 134±34ms.
Conclusion: CARTBox is easy, vendor independent software
only for treatment planning and image guided LV lead
implantation towards a pre-procedurally defined target segment.

sampling rate. The data were then bandpass filtered between
500-1000 Hz to display SKNA and between 1- 150 Hz to display
ECG. Data were analyzed to determine the average SKNA
(aSKNA, in μV) per digitized sample during four phases of HUT.
Results: Seventeen of 40 (43%) subjects developed syncope
induced by provocation. The aSKNA at rest and provocation
phases, respectively, were 1.21 (95% CI=1.08~1.35) and
1.40 (95% CI=1.22~1.57) in the tilt-positive group, which were
significantly higher than 0.97 (95% CI=0.87~1.08) (p = 0.006)
and 1.19 (95% CI=1.04~1.33) (p=0.044), respectively, in the
tilt-negative group. The aSKNA 30 s before syncope was higher
than the rest phase, suggesting SKNA surge prior to syncope (p
= 0.034). The correlation coefficient between aSKNA and systolic
BP in the provocation phase was negative (-0.55 (95% CI=
-0.87~-0.23)) in tilt-positive patients, but was positive (0.26 (95%
CI= -0.01~0.52)) in tilt-negative patients (p=0.006).
Conclusion: Subjects with positive HUT had increased SKNA
both at rest and during provocation as compared with patients
with negative tilt. The SKNA surge is associated with reduced BP
and syncope in patients with positive HUT.

S-PO04-210
ACHIEVING A HIGH ANAEROBIC THRESHOLD
ON CARDIOPULMONARY EXERCISE TESTING IS
INDEPENDENTLY ASSOCIATED WITH A FAVOURABLE
RESPONSE TO CARDIAC RESYNCHRONISATION
THERAPY

Baldeep Singh Sidhu, BM, Justin Gould, MBBS, Bradley
Porter, MBChB, Benjamin J. Sieniewicz, MBChB, Thomas
Teall, Steven A. Niederer, PhD and Christopher A. Rinaldi, MD,
FHRS. Guys and St Thomas NHS Foundation Trust, London,
United Kingdom, Guy’s & St Thomas’ Hospital & King’s College
London, London, United Kingdom, Kings College London,
London, United Kingdom, King’s College London, London,
United Kingdom, King’s College London, London, United
Kingdom, St. Thomas Hospital, Cardiac Dept, London, United
Kingdom

S-PO04-209
HIGH SKIN SYMPATHETIC NERVE ACTIVITY IN PATIENTS
WITH RECURRENT SYNCOPE

Chih-Sung Lan, MS, Chang-Jen Chen, MD, Tien-Chi Huang,
Shien-Fong Lin, PhD, Peng-Sheng Chen, MD, FHRS, Wen–
Ter Lai, MD and Wei Chung Tsai, MS. Division of Cardiology,
Department of Internal Medicine, Kaohsiung Medical University
Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan,
Institute of Biomedical Engineering, National Chiao-Tung
University, Hsin-Chu, Taiwan, Indiana Univ School of Medicine,
Krannert Institute of Cardiology, Indianapolis, IN, Kaohsiung
Medical University, Kaohsiung, Taiwan
Background: Previous microneurography studies suggested
that abnormal sympathetic nerve activity plays a role in
vasovagal syncope. neuECG is a new method to record and
analyze electrocardiogram and skin sympathetic nerve activity
(SKNA) in humans. The relationship between SKNA and blood
pressure (BP) in patients with head up tilt (HUT) is unclear.
Objective: To test the hypothesis that SKNA elevation and BP
reduction occur prior to syncope during HUT.
Methods: We prospectively recorded neuECG in 40 subjects
who underwent HUT for recurrent syncope. The subjects were
tilted according to the “Italian protocol” including rest, tilting,
provocation and recovery phases. neuECG was recorded using
standard ECG patch electrodes in Lead I positions with 10,000/s

Background: Studies have shown that between 30-40% of
patients will fail to respond to CRT and identifying markers that
predict a favourable response is increasingly important.
Objective: A cardio-pulmonary exercise test [CPET] is a useful
clinical adjunct to evaluate a patients functional capacity prior to
undergoing cardiological intervention. It provides an objective
measure of a patients pulmonary, cardiovascular and skeletal
muscle response during exercise. The indices which are
produced during CPET may help to provide reliable markers of
CRT response.
Methods: A prospective registry of patients who underwent
CPET prior to CRT was evaluated. Patients were defined as
CRT responders if they survived to follow-up and had ≥5%
absolute improvement in LVEF.
Results: A total of 126 patients were included, with a mean
follow-up of 7±3months. Patient demographics included: age of
69±11 years; 80% were male; 53% had an ischaemic aetiology;
44% had AF; QRS duration 163±26msec and LVEF 29%±8%.
In total, 58% of patients were classified as CRT responders.
Univariate logistic regression showed that a non-ischaemic
aetiology and a high anaerobic threshold [AT] measured on
CPET were associated with a favourable CRT response. A high
AT remained predictive at multivariable logistic regression.
Conclusion: CPET is useful in the evaluation of patients who
present with severe left ventricular systolic impairment and
dyspnoea. Achieving a high AT is independently associated
with a favourable CRT response and further studies are needed
to determine whether this may be useful clinical adjunct when
evaluating patients prior to CRT implantation.

S410

Heart Rhythm, Vol. 16, No. 5, May Supplement 2019
the leading causes of readmission were septicemia (10%),
congestive heart failure (8.4%), hypertensive cardiac and renal
disease (6.2%), and respiratory failure (5.9%).
Conclusion: In a nationally representative cohort of patients,
early mortality within 90 days following CRT implantation was
2.1%, with the majority of these deaths occurring during 90-day
readmission. Device infections were strong predictors of early
mortality.

S-PO04-212
PROGRESSION OF HEART FAILURE DIFFERS IN
PATIENTS WITH ATRIAL FIBRILLATION WITH RATE AND
RHYTHM CONTROL STRATEGIES

Sanjeev Saksena, MBBS, MD, FHRS and April E. Slee, MS.
Rutgers - Robert Wood Johnson Medical School, Warren, NJ,
EP Research Foundation, Warren, NJ

S-PO04-211
EARLY MORTALITY FOLLOWING CARDIAC
RESYNCHRONIZATION THERAPY DEVICE IMPLANTATION:
INSIGHTS FROM THE NATIONWIDE READMISSIONS
DATABASE 2010 - 2014
Edward Peiyang. Cheng, MD PhD, James E. Ip, MD, FHRS,
Ilhwan Yeo, MD, MS, Christopher F. Liu, MD, FHRS, Steven M.
Markowitz, MD, FHRS, George Thomas, MD, Luke Kim, Bruce
B. Lerman, MD, FHRS, CCDS and Jim W. Cheung, MD, FHRS.
New York-Presbyterian/Weill Cornell Medical Center, New York,
NY, Weill Cornell Medical Center, New York, NY, Icahn School
of Medicine at Mount Sinai, New York, NY, Weill Cornell Medical
College, New York, NY, New York Presbyterian Hospital and
Cornell Medical Center, New York, NY, Weill Cornell Medical
College - Cardiology, New York, NY, Cornell Univ Medical
Center - The New York Hospital, New York, NY

Background: There are limited data on early mortality during
the first 90 days after de novo cardiac resynchronization therapy
(CRT) device implantations or CRT upgrade procedures.
Objective: We sought to identify rates, trends and predictors of
90-day early mortality following de novo CRT device implantation
or CRT upgrade procedures using a nationally representative,
all-payer administrative database.
Methods: Using the Nationwide Readmissions Database
between 2010 and 2014, we evaluated 131,242 admissions
for CRT, including 127,016 (96%) de novo CRT implantations
and 4,226 (3.2%) CRT upgrade procedures. Early mortality
was defined as any death during index admission or 90-day
readmission following a CRT procedure. Based on ICD9-CM codes, we identified co-morbidities and procedural
complications. Multivariable logistic regression was performed to
assess predictors of early mortality.
Results: The overall rate of early mortality following CRT
was 2.1%, with 53% of all deaths occurring during 90-day
readmission. Between 2010 and 2014, there was a significant
increase in rates of early mortality after CRT procedures from
1.7% to 2.4% (P-for-trend = 0.004). The median time from
procedure to death was 21.5 (IQR: 8.6 - 41.9) days. The rate
of device infection in those who died was higher than those
who did not (3.6 vs. 1.3%; P<0.001). After adjustment for age,
co-morbidities and hospital factors, chronic renal disease (aOR
1.36; P =0.028), anemia (aOR 1.41; P = 0.003), and prolonged
index admission hospitalization > 3 days (aOR 2.72; P <
0.0001) were found to be independently associated with early
mortality. In addition, device infection (aOR 6.57; P < 0.001)
and other infections (aOR 24.91; P < 0.001) were independently
associated with early mortality. Among the patients who died,

Background: The impact of rate or rhythm control strategies on
HF
progression and patient (pt) survival remains unclear
Objective: We examined the risk of HF progression on survival
in AF pts in the AFFIRM trial with a prior HF event and minimal
or no HF burden at entry (NYHA class 0 or 1) in the Rate and
Rhythm arms, stratified into HF with preserved left ventricular
ejection fraction (≥ 40%, pEF) or reduced EF (<40%,rEF).
Methods: 492 AF pts (HFpEF = 349, HFrEF = 143) were
analyzed. Pt
characteristics were comparable in the treatments arms of these
two subgroups.
Results: Over a median follow-up of 4 years, HF recurred and
worsened in 66.6% and 41.2% of pts by ≥ 1 and ≥ 2 NYHA
classes, respectively. HF progression of HF by even 1 NYHA
class increased mortality risk in HFpEF (Hazard ratio {HR}
2.06, 3.67, 95% confidence intervals {CI} 1.25, 3.4 p=.004) and
HFrEF (HR 1.9, 95% CI 0.99, 3.66, p=.054). Cardiovascular
hospitalization (CVH) increased in HFpEF ( HR 3.67, 2.56, 5.25,
p<.0001) and HFrEF ( HR 2.8, 95% CI 1.53, 5.14, p=.0009).
HF progression by> 2 NYHA classes or death was significantly
worse in pts with HFrEF with the Rate control strategy compared
to Rhythm control (HR: 1.62, 95% CI: 1.03-2.53, p = 0.036) but
similar in pts with HFpEF (HR: 0.88, 95% CI: 0.64-1.21, p =
0.440).The time to first AF recurrence was longer in the Rhythm
arms of both HF subgroups as compared to Rate.( Figure,
p<.05)
Conclusion: 1. HF progression in AF pts with a prior HF event
confers significant mortality and CVH risk in both HFrEF and
HFpEF populations. 2.HF progression > 2 HF classes is more
pronounced with a Rate control strategy in AF than in pts with
HFrEF 3.A Rhythm control strategy may be desirable to reduce
HF progression in pts with HFrEF and AF.

S411

Poster Session IV

S-PO04-213
USE OF THE WEARABLE CARDIOVERTER
DEFIBRILLATOR IN LEFT VENTRICULAR ASSIST DEVICE
PATIENTS - A NOVEL APPLICATION

Valentina Kutyifa, MD, PhD, FHRS, Leway Chen, MD, Nicole
Bianco, PhD and Steven J. Szymkiewicz, MD. University of
Rochester Medical Center, Rochester, NY, ZOLL, Pittsburgh, PA
Background: Ventricular arrhythmias (VA) are frequent, but
often asymptomatic in left ventricular assist device (LVAD)
patients. The wearable cardioverter defibrillator (WCD) could
monitor and treat sustained VA events in LVAD patients.
Objective: We aimed to assess WCD use in LVAD patients,
compliance, and VA events.
Methods: The WCD (LifeVest®, ZOLL) Medical Order Registry
was screened for patients with an implanted LVAD at the time of
WCD use. WCD indication, compliance data, VA events, and end
of WCD use reasons were reviewed.
Results: Between 2010 and 2018, 23 patients (4 females,
mean age 58 years) with an implanted LVAD (HeartMateII=11, HeartWare=4, unknown=8) were prescribed the WCD.
Indications for WCD were ICD infection (n=14, 61%), ICD/lead
malfunction (n=4, 17%), ventricular arrhythmia (n=2), and other
(n=3). WCD use averaged 38 days, with an average wear time
of 20 hours per day. There were 6 VA episodes in 5 patients
(22%). Two VA events were asymptomatic, one lasting over an
hour and one an entire day, and response button use prevented
WCD shocks. Two VA events were appropriately treated with
WCD shock, one treated after minutes of response button use
(Figure). The remaining 2 VA events were induced in the EP
lab. Six patients (26%) had ICD implantation at the end of WCD
use, 3 patients underwent heart transplantation/artificial heart,
and 1 patient (4%) ended WCD use early due to noise and false
arrhythmia alarms.
Conclusion: In our large series of LVAD patients, WCD use
was safe. LVAD patients frequently had VA events, appropriately
treated by the WCD when needed. WCD use is feasible in LVAD
patients for detection and treatment of VA events.

used in advanced heart failure as a bridge to transplant (BTT),
bridge to ventricular assist device (BTVAD), bridge to further
decision on advanced care (BTD), bridge to recovery (BTR), or
as palliation. Malignant ventricular arrhythmias can occur with
HIT but the incidence and risk factors for ventricular tachycardia
(VT) and ventricular fibrillation (VF) in this population are not well
studied.
Objective: This study seeks to examine the incidence and risk
factors for VT/VF in patients on HIT with implantable cardioverter
defibrillators (ICD).
Methods: This is a retrospective study of patients on HIT.
Patients were discharged on milrinone (93.6%), dobutamine
(2.5%) or dopamine (3.9%). Indications included BTT (32.9%),
BTVAD (35.4%), BTD (4.4%), BTR (14.6%), or palliation
(12.7%). VT/VF and ICD data were obtained via regular ICD
interrogations.
Results: 158 patients had a median follow up of 79 days.
End points for HIT included transplant (8.9%), VAD (48.1%),
withdrawal of HIT (10.8%), death (10.1%), or continuing HIT
(22.2%) after the follow up period. Primary prevention ICDs
were implanted in 132 patients and secondary prevention in
26. 27 patients with primary prevention ICDs had VT/VF after
ICD implant and prior to HIT. 105 patients had never had a
VT/VF event prior to HIT initiation. 36 (22.8%) patients had
ventricular arrhythmias on HIT including 31 with VT (19.6%)
and 15 with VF (9.5%). Of 105 patients with no prior VT/VF, 18
(17.1%) had at least one episode of VT/VF. All patients with VT/
VF received effective anti-tachycardia pacing or ICD shocks. 24
patients received at least 1 appropriate shock. 2 patients had
spurious shocks. Predictors of VT/VF on HIT included secondary
prevention ICDs (HR:3.097; p=.001) and prior VT/VF (HR:2.584;
p=.005).
Conclusion: Patients with prior VT/VF and those with secondary
prevention ICDs are at increased risk for VT/VF on HIT, but
potentially lethal arrhythmia may occur in 15-20% of patients
without previous VT/VF. Patients on HIT were excluded from
most trials establishing guidelines for ICDs, but the significant
risk of VT/VF supports the common practice of monitoring ICD
protection and implanting an ICD in those who do not have one
prior to HIT.

S-PO04-215
ATRIOVENTRICULAR BLOCK IN PATIENTS WITH
CONGENITALLY CORRECTED TRANSPOSITION OF THE
GREAT ARTERIES

Marie-Helene Gagnon, MD, Audrey Dionne, MD, Candice
S. Vacher, BS, Stephanie Frances Chandler, MD, Kevin G
Friedman, MD, Edward P. Walsh, MD, FHRS, CCDS, CEPS-P,
Aditya Kaza, MD and Dominic J. Abrams, MBBS, MD. Boston
Children’s Hospital, Boston, MA

S-PO04-214
RISK OF VENTRICULAR ARRHYTHMIAS IN PATIENTS ON
CONTINUOUS AT HOME INOTROPIC THERAPY
Christopher Sloan. Grubb, BS, Michael Bohnen, MD, PhD,
Audrey Kleet, MS, ACNP-BC, Veli K. Topkara, MD, Rachel
Bijou, MD, Arthur R. Garan, MD, Mathew S. Maurer, MD,
Maryjane Farr, MD and Hasan Garan, MD, MS. Columbia
University Medical Center, New York, NY
Background: Continuous home inotropic therapy (HIT) is

Background: Atrioventricular block (AVB) in patients with
congenitally corrected transposition of the great arteries (ccTGA)
results in long term morbidity and mortality and is thought to
be secondary to the extended course of conduction bundles
resulting from septal misalignment and correlating with larger
pulmonary artery (PA) size.
Objective: To determine if certain anatomic characteristics can
predispose patients with ccTGA to develop AVB before surgical
repair. We hypothesized pulmonary stenosis or atresia may be
associated with smaller PA size and lesser incidence of AVB.
Methods: We identified patients with ccTGA from a single center
between 1975-2018 prior to surgical intervention. AVB was
defined as 1st, 2nd degree or complete block. We assessed for
the association with AVB and the following anatomic features:
(i) pulmonary valve stenosis (gradient >10mmHg) or atresia, (ii)
ventricular septal defect (VSD) and (iii) Ebsteinoid malformation
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of the tricuspid valve, defined as abnormal delamination,
tethering, and apical displacement of the valve leaflets. Groups
were compared using Kaplan-Meier analysis. Exclusion criteria
include atrial situs inversus, single ventricular physiology and
patients with AVB following palliative or corrective surgery. All
patients were censored at the time of first surgery.
Results: AVB developed in 54 patients with ccTGA at a median
age of 15.3 [2.5, 28.6] years compared to 174 patients with
normal conduction. In the 54 patients with AVB; 23/54 (43%)
had complete, 9/54 (16%) had 2nd degree and 22/54 (41%) had
1st degree. AVB was not associated with pulmonary stenosis/
atresia (p=0.94) or a VSD (p=0.46), but was associated with an
Ebsteinoid tricuspid valve (HR 3.4 [95% CI 2.9, 17.0] p<0.001).
Conclusion: In patients with ccTGA, an Ebsteinoid tricuspid
valve is associated with a higher risk of AVB. Whether this
results in hemodynamic abnormalities that further exacerbates
the propensity to AVB or is part of an overarching developmental
abnormality requires further evaluation. Neither PA stenosis nor
atresia assumed to decrease the degree of septal misalignment
appear to be protective against AVB.

S-PO04-216
OUTCOMES OF PEDIATRIC PATIENTS WITH
DEFIBRILLATORS FOLLOWING INITIAL PRESENTATION
OF SUDDEN CARDIAC ARREST

Jeffrey A. Robinson, MD, Nicholas J. Ollberding, PhD, Martin
J. LaPage, MD, MS, FHRS, CCDS, CEPS-P, Gregory Webster,
MD, MPH, CCDS, Christina Y. Miyake, MD, Joseph Atallah,
MDCM, MS, Christopher Ratnasamy, MD, FHRS, CEPS-P,
Shaun Mohan, MD, MPH, CEPS-P, Nicholas H. Von Bergen,
MD, Christopher L. Johnsrude, MD, MS, Jason M. Garnreiter,
MD, MSc, CEPS-P, David S. Spar, MD, FHRS, CCDS, CEPS-P
and Richard J. Czosek, MD, CCDS. Dr. C.C. and Mabel L. Criss
Heart Center, Children’s Hospital & Medical Center, University
of Nebraska Medical Center, Omaha, NE, The Heart Institute,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
University of Michigan, Ann Arbor, MI, Lurie Children’s Hospital,
Chicago, IL, Texas Children’s Hospital, Houston, TX, University
of Alberta, Edmonton, AB, Canada, Helen Devos Childrens
Hospital, Grand Rapids, MI, University of Kentucky, Kentucky
Children’s Hospital, Lexington, KY, University of Wisconsin,
Madison, WI, Univ of Louisville, Pediatric Cardiology, Louisville,
KY, Saint Louis University, Saint Louis, MO
Background: Implantable cardiac defibrillator (ICD) placement
is a mainstay of therapy for secondary prevention after sudden
cardiac arrest (SCA) in pediatric patients. The outcomes of
pediatric patients receiving an ICD after SCA remain unclear.
Objective: Evaluate outcomes, determine future risk for
appropriate device shocks, and identify patient and event
characteristics that are associated with appropriate ICD therapy
during clinical follow-up.
Methods: An international, multi-center retrospective analysis
of patients (age < 21 yrs) without known congenital heart
disease who received an ICD after a SCA event. Patients were
excluded if they had a previous cardiac diagnosis prior to SCA.
Patient demographics, history, cardiac function, and underlying
diagnoses were collected, along with SCA event characteristics.
Patient outcomes including complications and device therapies
(appropriate and inappropriate) were analyzed.
Results: A total of 106 patients met inclusion criteria, median
age 14.7 yrs, 36% female, 77% Caucasian. Of these, 20
(19%) received one or more appropriate shocks and 16 (15%)
received inappropriate shocks over a mean follow up time of 3
years. Two patients (2%) died, neither of SCA. History of a firstdegree relative with SCA was associated with appropriate shock
(p<0.05) in univariable and multivariable analyses. A definitive

Heart Rhythm, Vol. 16, No. 5, May Supplement 2019
underlying diagnosis was made in 60% of patients and 40%
patients were considered idiopathic. Neither a specific underlying
clinical diagnosis nor idiopathic diagnosis was associated with
increased incidence of future appropriate shock. Lead fracture
was the most common device-related complication, with no
difference between groups. A multivariable regression model
was created that provided an optimism corrected AUC of 0.7 that
included: time from diagnosis (OR 1.8 [0.8; 4.1]), monomorphic
VT (OR 5.2 [0.8; 31.6]) and family history of SCD (OR 9.0 [1.4;
58.7]).
Conclusion: The annualized risk of future therapy is high
in pediatric patients receiving ICD after SCA, despite the
underlying disease process. Lack of a definitive diagnosis after
SCA is not associated with lower risk. These findings support
that ICD therapy should be strongly considered for all pediatric
patients following SCA.

S-PO04-217
FEVER IN CHILDREN AT-RISK FOR THE BRUGADA
SYNDROME

Puck Peltenburg, MD, A. Suzanne Vink, Nico A. Blom, MD,
PhD, Lukas A.J. Rammeloo and Sally A.B. Clur. Amsterdam
UMC - AMC, Amsterdam, Netherlands, Leiden University
Medical Center, Leiden, Netherlands, Amsterdam UMC - VUMC,
Amsterdam, Netherlands
Background: Brugada syndrome (BrS) is a rare inherited
arrhythmia syndrome. Of the genes associated with BrS,
variants in the SCN5A gene are most frequently described.
Usually however, no associated genetic variant is identified. BrS
patients, especially children, are at risk for arrhythmic events
during fever. Fever is known to unmask the Brugada-type-1
pattern. Children with a positive family history for BrS, genotypepositive, and phenotype-positive children are considered at-risk
for Brugada-type-1 pattern and cardiac events (CE). They are
thus advised to record an ECG during fever, which is a stressful
experience.
Objective: We aimed to identify risk factors for Brugadatype-1 pattern during fever (f-type-1) and CE by evaluating
demographics and genetic background in an at-risk paediatric
population.
Methods: Children with a positive family history for BrS,
genotype-, and phenotype-positive children with at least
1 available fever-ECG from three tertiary medical centres
were included and divided into two groups depending on the
occurrence of f-type-1 during follow-up. Demographics and
ECGs during fever were retrospectively retrieved and analysed.
Chi square test and applicable post-hoc analyses with Bonferroni
correction were used.
Results: The study population consisted of 68 children, 21 were
allocated to the f-type-1 positive group and 47 to the f-type-1
negative group. The groups differed significantly in CE; in the
f-type-1 positive group 7 (33,3%) children had CE during followup in comparison to 0 in the f-type-1 negative group (p=0,000).
Five of them had symptoms during fever. The two groups
also differed significantly in genetic background (p=0,002). In
the f-type-1 positive group 14 (43,8%) were SCN5A variant
carriers in comparison to 1 (4,2%) in the genotypic negative
children (p=0,001). When children diagnosed with BrS at first
presentation after CE (n=3) or type-1-ECG at baseline (n=1)
were excluded, this result remained unchanged.
Conclusion: Our results suggest that carrying a SCN5A variant
is a risk factor for f-type-1 in children. F-type-1 is also associated
with symptoms in this population. Children carrying SCN5A
variants associated with BrS should be closely watched during
febrile episodes and an ECG should be recorded.

S413

Poster Session IV

S-PO04-218
MAPPING OF ATRIAL PREMATURE COMPLEXES
TRIGGERING ONSET OF ATRIAL FIBRILLATION IN
PATIENTS WITH ATRIAL SEPTAL DEFECT

Koji Nakagawa, MD, PhD, Satoshi Nagase, MD, PhD, Atsuyuki
Watanabe, MD, PhD, Saori Tsukuda, Yoshimasa Morimoto,
Masakazu Miyamoto, MD, Nobuhiro Nishii, MD, PhD, Kazufumi
Nakamura, MD, PhD, Hiroshi Morita, MD, PhD and Hiroshi Ito,
MD, PhD. Department of Cardiovascular Medicine, Okayama
University Graduate School of Med, Okayama, Japan, National
Cerebral and Cardiovascular Center, Cardiovascular Medicine,
Suita, Japan
Background: Atrial fibrillation (AF) is one of the most common
comorbidities in middle-aged and elderly patients with atrial
septal defect (ASD). It has been shown that pulmonary vein
(PV) ectopy can trigger AF and electrical isolation of PVs can
suppress AF in many cases. And to this day, PV isolation (PVI)
is the cornerstone of catheter ablation strategy for AF in patients
without specific structural abnormalities. However, it is still not
validated whether the PV is also the major origin of ectopic
activity triggering AF in patients with ASD.
Objective: We aimed to evaluate the origin of ectopic activities
triggering onset of AF in patients with ASD.
Methods: The subjects of this study were 14 unclosed ASD
patients (7 women and 6 men, median age 67 years) who
underwent catheter ablation of paroxysmal or persistent AF
in our hospital. Spontaneous or isoproterenol-induced atrial
premature complexes (APCs) were mapped before catheter
ablation of AF. Foci of APCs triggering onset of AF were mapped
using 4 multielectrode catheters located in the coronary sinus
(covered coronary sinus and RA/SVC), right superior PV, left
superior and inferior PVs, respectively. Isoproterenol (ISP) was
infused through a peripheral vein at rates of 5, 10, 15, 20 μg/min
for 2 minutes at each infusion rate until AF was induced. The foci
of APCs were localized according to the earliest atrial activity
relative to the reference electrogram or the onset of the APC’s
P wave. PVI was performed after the ISP infusion study in all
patients.
Results: AF was induced by ISP infusion in 9 (60%) of 15 ASD
patients, and 19 PACs triggering onset of AF were observed in
those patients. Among them, the focus of 6 (32%) APCs was
in the right superior PV, 12 (63%) in the left superior PV and 1
(5%) in the left inferior PV. After the ISP infusion study, PVI was
performed successfully in all patients. Seven (78%) of 9 patients
with PV foci APCs maintained sinus rhythm during median
follow-up period of 18 months after the PVI.
Conclusion: Our results suggest that the PVs are important
origin of APC triggering onset of AF in ASD patients. PVI is
considered to be a valid treatment of paroxysmal AF even in
patients with ASD.

S-PO04-219
IMPROVEMENT IN LEFT VENTRICULAR SYSTOLIC
FUNCTION AFTER CATHETER ABLATION OF ATRIAL
FIBRILLATION IN ADULTS WITH CONGENITAL HEART
DISEASE AND REDUCED LEFT VENTRICULAR FUNCTION
Jackson J. Liang, DO, David S. Frankel, MD, FHRS, Valay
K. Parikh, MD, Dhanunjaya R. Lakkireddy, MD, FHRS,
Sanghamitra Mohanty, MBBS, MD, MS, FHRS, J. David
Burkhardt, MD, FHRS, Andrea Natale, MD, FHRS, Adam Lee,
MD, Edward P. Gerstenfeld, MD, FHRS, Jeremy P. Moore, MD,
MS, FHRS, CCDS, CEPS-P, Kathryn K. Collins, MD, FHRS,
CEPS-P, Joseph D. Kay, MD, Pasquale Santangeli, MD, PhD,
Francis E. Marchlinski, MD, FHRS, William H. Sauer, MD,
FHRS, CCDS and Duy T. Nguyen, MA, MD, FHRS. Hospital

of the University of Pennsylvania, Philadelphia, PA, Baptist
Medical Center, San Antonio, TX, The Kansas City Heart
Rhythm Institute at HCA Midwest Health, Leawood, KS, Texas
Cardiac Arrhythmia Institute at St. David’s Medical Center,
Austin, TX, UCSF, San Francisc, CA, UCSF, San Francisco,
CA, UCLA, Los Angeles, CA, Children’s Hospital Colorado,
Aurora, CO, University of Colorado, Aurora, CO
Background: Catheter ablation has been shown to improve
heart failure and left ventricular ejection fraction (LVEF) in
patients with atrial fibrillation (AF) and structural heart disease
with reduced LVEF. Whether AF ablation results in similar
benefits for patients with adult congenital heart disease (CHD)
and reduced LVEF remains unknown.
Objective: To examine the effect of AF ablation on LVEF in CHD
adults with reduced LV function.
Methods: Adult patients with CHD who underwent AF ablation
at six centers were included in the multicenter CHD AF ablation
registry. All patients with pre- and post-ablation transthoracic
echocardiograms (TTEs) available for review were identified, and
changes in LVEF between baseline (pre-ablation) and the last
TTE were analyzed. AF ablation procedural success was defined
as freedom from AF at one year post-ablation, in the absence of
drugs (complete) or on previously failed drugs (partial).
Results: Out of 84 patients in the registry with adult CHD who
underwent AF ablation, 21 patients (71.4% male, mean age
50.5±10.5y) had pre-ablation TTE with reduced LVEF (<50%) as
well as follow-up post-ablation TTE available for review. Mean
LVEF improved from 38.4±9.2% at baseline before ablation
to 53.7±11.8% on the most recent TTE after a median 1048.5
days post-ablation (interquartile range: 556.5, 1817.3 days).
Improvement in LVEF after ablation was seen in 19 (90.5%)
patients, and normalization of LV function (to LVEF ≥50%)
was seen in 15 (71.4%). Complete and partial success were
achieved in 11 (55.0%) and 14 (70.0%), respectively, for those
with at least one year follow-up, and there was no association
between complete or partial success with improvement or
normalization of LVEF.
Conclusion: Catheter ablation for AF in adults with CHD and
reduced LVEF can facilitate improvement in LVEF. Increased
LVEF after AF ablation may occur in some patients despite
continued AF recurrences, potentially due to reduction in AF
burden.

S-PO04-220
COST-EFFECTIVENESS OF INSERTABLE CARDIAC
MONITORS IN DETECTING PREVIOUSLY UNDIAGNOSED
ATRIAL FIBRILLATION TO REDUCE STROKE RISK IN A
HIGH-RISK POPULATION IN THE UNITED STATES

Mitchell S. V. Elkind, MD, MS, Klaus K. Witte, Claudia Rinciog,
Laura Sawyer, Marta G. Viola, Alex Diamantopoulos, Stelios
I. Tsintzos, MD, MS, Katherine Lindborg, PhD, Rachelle
Kaplon and Matthew R. Reynolds, MD, MS, FHRS. Columbia
University, New York, NY, University of Leeds, Leeds, United
Kingdom, Symmetron UK Ltd., Uxbridge, United Kingdom,
Medtronic International Trading Sarl, Tolochenaz, Switzerland,
Medtronic, Plc, Saint Paul, MN, Medtronic, Minneapolis, MN,
Lahey Clinic Medical Center, Needham, MA
Background: Atrial fibrillation (AF) is a major risk factor
for stroke, the risk of which is greatly reduced by oral
anticoagulation (OAC). AF can be intermittent and asymptomatic.
Thus, opportunistic, symptom-based and single time-point
diagnostic tests (e.g. ECGs/Holters) have limited yield. The
incidence of AF in high-risk patients with previous negative
external monitoring (≥24 hours) has been demonstrated.
Objective: Evaluate the lifetime cost-effectiveness of ICMs in
identifying AF in patients with elevated risk (CHADS2≥2) in US.
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Methods: The REVEAL AF study was used for patient
characteristics and AF burden in this population. A Markov model
extrapolated costs and benefits. Diagnostic procedures for
Standard of Care (SoC) were based on the Optum© Electronic
Health Record de-identified database (2007-17). REVEAL AF
ICM data informed simulations determining SoC yield. Strokes
and major/minor bleeds were costed using commercial payor
and Medicare datasets and included together with device and
diagnostic costs.
Results: Base case assumptions led to a total cost per ICM
patient of $66,109 vs. $58,522 for SoC. ICMs generated 9.4 LifeYears (LY) vs. 9.1 for SoC. The incremental cost-effectiveness
ratio (ICER) was $28,874/LY gained. Assuming full NOAC
adherence, 10 ICMs prevented one stroke, with an ICER of
$12,525/LY gained. These findings were robust to sensitivity
analyses.
Conclusion: The use of ICMs to detect AF in high-risk patients
is a cost-effective stroke prevention strategy in the US.

S-PO04-221
INCREASED RISK OF ATRIAL FIBRILLATION IN PATIENTS
WITH NONTUBERCULOUS MYCOBACTERIAL INFECTION:
A KOREAN NATIONWIDE POPULATION-BASED STUDY

Seo-Young Lee, Chan Soon Park, Eue-Keun Choi, KyungDo Han, So-Ryung Lee, Myung-Jin Cha and Seil Oh. Seoul
National University Hospital, Republic of Korea, Korea
Advanced Institute of Science and Technology, Republic of
Korea, The Catholic University of Korea, Republic of Korea,
Soon Chun Hyang University Hospital Seoul, Republic of Korea
Background: Nontuberculous mycobacterial (NTM) is
ubiquitous pathogen and cause chronic infection. NTM infection
has demonstrated increasing incidence and prevalence
worldwide.
Objective: We sought to find out the effect of NTM in
cardiovascular (CV) events.
Methods: Using the Korean National Health Insurance Service
database, we included newly diagnosed 1,730 NTM patients
(≥ 20 years-old, mean age 52.8 years, male, 36.3 %) between
2005 and 2008, and followed up for new onset atrial fibrillation
(AF), myocardial infarction (MI), and heart failure (HF). Age- and
sex-matched non-NTM subjects (1:5, n = 8,650) were selected
and compared with NTM patients. In addition, NTM infection was
classified into indolent or progressive NTM for risk stratification.
Results: During 4.16 ± 1.15 years of follow-up period, AF, MI,
HF and death were newly diagnosed in 87, 125, 121, and 468
patients, respectively (35, 11, 21, and 108 patients of the NTM
group). In Cox regression analysis, NTM group showed an
increased risk of AF (hazard ratio [HR] 2.307, 95% confidence
interval [CI] 1.560-3.412) and all-cause death (HR 1.751, 95%
CI 0.896-2.016) compared to non-NTM subjects, whereas no
significant difference in MI (HR 0.868, 95% CI 0.461-1.634) and
HF (HR 1.259, 95% CI 0.896-2.016). After stratification, 1,730
NTM patients were stratified into 1,375 (79.5%) indolent NTM
group and 355 (20.5%) progressive NTM group. Progressive
NTM showed increased risk of AF and mortality.
Conclusion: NTM infection showed an increased risk of AF
and all-cause mortality, especially in those with progressive
NTM infection. Screening for AF and stroke prevention would be
appropriate in these high-risk patients.

S-PO04-222
SEX DIFFERENCES IN ADVERSE EVENTS FROM
SUBCUTANEOUS IMPLANTABLE CARDIOVERTERDEFIBRILLATOR IMPLANTATION

Sanket Dhruva, MD, MHS, Craig Parzynski, MS, Karl Minges,
PhD, MPH, Joseph G. Akar, MD, PhD, Rachel Dreyer, PhD,
Daniel J. Friedman, MD, Pamela Peterson, MD, MSPH, Merritt
H. Raitt, MD, FHRS, Rita Redberg, MD, MSc, Erica Spatz, MD,
MHS and Jeptha P. Curtis, MD. UCSF School of Medicine, San
Francisco, CA, Yale University School of Medicine, New Haven,
CT, Yale University School of Medicine, Cardiology, Southport,
CT, Duke University Hospital, Durham, NC, University of
Colorado Anschutz Medical Campus, Aurora, CO, Portland VA
Medical Ctr, Cardiology, Portland, OR, Yale University, Yale
Cardiology-Branford, Branford, CT
Background: Women have more in-hospital adverse eventsfrom
transvenous implantable cardioverter-defibrillator (ICD)
implantation than men. However, it is unknown if adverse event
rates for subcutaneous ICD (S-ICD) implants differ by sex, since
S-ICD was approved on data from only 83 women.
Objective: To examine in-hospital adverse events by sex during
hospitalization for S-ICD placement.
Methods: We identified all S-ICD implants in the NCDR ICD
Registry from 9/29/12 to 3/30/18. Baseline characteristics were
compared by sex for patients receiving S-ICDs using chi-square
tests or t-tests accounting for multiple comparisons. We then
performed 1:1 propensity score matching between men and
women and calculated the odds of any adverse event using
logistic regression.
Results: Of 18,786 S-ICD recipients, 5710 (30.4%) were
women. Women were younger than men (mean age 51 vs. 53
years, p<0.01) and less likely to have ischemic heart disease
(32.0% vs 47.9%, p<0.01). In the propensity-matched analysis,
women had higher odds of any in-hospital adverse event than
men (n=94; OR 1.41, 95% CI 1.03-1.93, p=0.0341; Table);
this included a statistically significant increased risk of lead
dislodgement (OR 6.52, 95% CI 2.28-18.71), with non-significant
increases in death and infection.
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Conclusion: Women receiving an S-ICD have a higher rate of
in-hospital adverse events than men that appears primarily due
to an increased risk of lead dislodgement.

S-PO04-223
NATIONAL TRENDS IN RHYTHM CONTROL AND
ANTIARRHYTHMIC MEDICATION USE FOR ATRIAL
FIBRILLATION BETWEEN 2012-2018

Tina Baykaner, MD, MPH, Albert J. Rogers, BSE, MBA, MD,
Junaid A.B. Zaman, MD, Mahmood I. Alhusseini, BS, MS,
Christopher Kowalewski, Sanjiv M. Narayan, MD, PhD, FHRS,
Bryant Y. Lin, MD, Paul J. Wang, MD, FHRS and Randall S.
Stafford, MD, PhD, FHRS. Stanford University, Stanford, CA
Background: Recent studies suggest a potential benefit of
rhythm over rate control in atrial fibrillation (AF) in certain
populations, and emphasize caution in the use of digoxin.
Objective: To examine trends in rate control and antiarrhythmic
drug (AAD) therapy for U.S. outpatients with AF between 20122018.
Methods: Data from 11661 office visits among patients with AF
were obtained from the National Disease and Therapeutic Index
(NDTI), a nationally representative physician survey produced
by IQVIA. We assessed trends in medication use for rate
control agents and AAD. Differences between 2 groups were
assessed with Student’s t-test, trends were analyzed with logistic
regression.
Results: Overall, rate control agents (29.1% of all AF patient
visits) and AAD use (10.8%) were low in AF (Figure 1A).
Amiodarone represented 35.1% of reported AAD’s, followed by
sotalol (20.9%) and flecainide (17.8%). From 2012 to 2018, there
was a significant increase in the use of sotalol, while dofetilide
and propafenone use decreased (p<0.05, Figure 1B). Among
rate control agents, beta-blockers comprised the largest share
(59.4%), with significant fall in digoxin use over time (p<0.05).
Dofetilide, flecainide and dronaderone were more frequently
used by younger providers; digoxin by older providers (p<0.05,
Figure 1C). When comparing visits by specialty, patients seen
by a cardiologist used AAD more frequently and digoxin less
frequently (p<0.05, Figure 1D).
Conclusion: We demonstrate increased AAD use over time,
with significantly decreased digoxin use. Differences by
physician age and specialty suggest the presence of barriers to
rapid adoption of new evidence.

S-PO04-224
OUTCOMES OF PATIENTS REQUIRING EMERGENT
SURGICAL INTERVENTION FOR MAJOR COMPLICATIONS
OF CARDIAC ELECTROPHYSIOLOGY PROCEDURES

Shady Nakhla, MD, Oussama M. Wazni, MD, FHRS, Ruth A.
Madden, MPH, RN, David Rausch, Khaldoun G. Tarakji, MD,
MPH, FHRS, Walid I. Saliba, MD, FHRS, John Rickard, MD,
MPH, Thomas D. Callahan, MD, FHRS, Daniel J. Cantillon, MD,
FHRS, Thomas J. Dresing, MD, Mandeep Bhargava, MBBS,
Bruce L. Wilkoff, MD, FHRS, CCDS, Bruce D. Lindsay, MD,
FHRS, CCDS and Ayman A. Hussein, MD, FHRS. Cleveland
Clinic, Cleveland, OH, Cleveland Clinic, Bentleyville, OH,
Cleveland Clinic, EP and Pacing, Cleveland, OH, Cleveland
Clinic, Pepper Pike, OH, Cleveland Clinic, Cleveland Heights,
OH, Cleveland Clinic, EP, Shaker Heights, OH, Cleveland
Clinic, Cardiology, Hudson, OH, Cleveland Clinic Foundation,
Dept of Cardiovascular Medicine, Cleveland, OH, Cleveland
Clinic, Cardiology, Solon, OH, Cleveland Clinic, Dept of
Cardiovascular Medicine, Cleveland, OH
Background: While cardiac electrophysiological (EP)
procedures have become increasingly safe, proper surgical
back-up is essential for complication management. Little is
known about outcomes of patients requiring emergent surgical
interventions for major complications of EP procedures.
Objective: To report a large tertiary care center’s experience
and outcomes in cases where an urgent or emergent surgical
intervention was needed for management of EP procedural
complications
Methods: All patients undergoing cardiac EP procedures at our
center were enrolled in a prospectively maintained registry. All
procedural related complications were prospectively identified
and adjudicated into a dedicated complications database.
Quality improvement initiatives were implemented in real-time to
improve outcomes.
Results: Between 1996 and 2018, among 64,577 patients
requiring invasive EP lab procedures, surgical assistance was
required for complication management in 54 patients (0.08%).
The majority of emergent surgical interventions (n=25) were for
pacer or defibrillator lead extraction (46%), 12 for atrial ablations
(22%) and 9 for ventricular ablations (17%). 42 patients required
surgery during or within the first 24 hours of EP procedures
(78%) and the remaining within a median of 5 days (1-16 days).
Indications for surgical intervention were cardiac perforation
(n=23), vascular tears (n=22), AV fistula (n=4), mechanical
support with ECMO (n=2), procedural myocardial infarction
requiring bypass surgery (n=1) and tamponade without clear
perforation (n=1). Peri-procedural death within 24 hours occurred
in 7 patients (13%) and 8 additional deaths (15%) occurred

S416
within 30 days of the initial electrophysiological procedure. 12
deaths out of 38 surgical bailouts occurred between 1996 and
2009 with only 3 deaths out of 16 occurred since 2009.
Conclusion: Requiring emergent surgical interventions for major
complications of EP procedures is associated with significant
acute and 30 day mortality. A lower number of mortalities in
recent years reflects ongoing quality improvement initiatives.

S-PO04-225
COST-EFFECTIVENESS OF RIVAROXABAN COMPARED
TO WARFARIN FOR STROKE PREVENTION IN ATRIAL
FIBRILLATION WITH INTERMEDIATE RISK OF STROKE
Boyoung Joung, MD, PhD, Hyunmi Kim and Changsoo Kim.
Yonsei Medical College, Seoul, Republic of Korea

Background: According to current ACC/AHA, ESC, and Korean
atrial fibrillation (AF) guideline, non-vitamin K antagonist (NOAC)
should be recommended in patients with high risk (CHA2DS2VASc score≥1) of stroke and be considered in patients with
intermediate risk (CHA2DS2-VASc score=1). However, the
cost-effectiveness of NOAC in these patients has not been well
identified.
Objective: To assess the cost- effectiveness of rivaroxaban
compared to adjusted-dose warfarin for the prevention of stroke
in nonvalvular AF with intermediate risk of stroke.
Methods: We built a Markov model using the Korean Health
Insurance Review & Assessment Service database. The basecase analysis assumed a cohort of patients with prevalent AF
from January 2012 to December 2014 who were aged 18 years
or older without contraindications to anticoagulation.
Results: Number of patients with CHA2DS2-VASc scores 0,
1 and ≥2 were 56 (0.2%), 1,944 (6.3%) and 28,650 (93.5%),
respectively. In patients with CHA2DS2-VASc scores≥2, the
incidence rate of ischemic stroke was 3.11% and 3.76% in
warfarin and rivaroxaban groups, respectively. The incidence
rates of ICH were 0.42% and 0.15%, and those of GI bleeding
were 0.32% and 0.15% in warfarin and rivaroxaban, respectively.
Patients with AF treated with rivaroxaban lived an average of
11.8 quality-adjusted life years (QALYs) at a lifetime treatment
cost of $20,617. Those receiving warfarin lived an average
of 11.4 QALYs and incurred costs of $17,612. Patients with
rivaroxaban gained an additional 0.40 QALYs over a lifetime
with an additional cost of $3,005, resulting in an incremental
cost-effectiveness ratios (ICER) of $7,513 per QALY. However, in
patients with CHA2DS2-VASc scores=1, those with rivaroxaban
lived an average of 11.7 quality-adjusted life years (QALYs) at
a lifetime treatment cost of $25,039. Patients with rivaroxaban
gained only 0.17 QALYs over a lifetime with an additional cost
of $14,506, resulting in an ICER of $96,707 per QALY above the
willingness-to-pay thresholds of $30,000 per QALY.
Conclusion: Rivaroxaban may be a cost effective alternative
to warfarin for stroke prevention in Korean AF patients with
CHA2DS2-VASc scores≥2, but not in those with CHA2DS2VASc scores=1.

S-PO04-226
COMPARISON OF MOBILE WEB-BASED ECG READINGS
BY COLLECTIVE INTELLIGENCE AND ECG INTERPRETED
BY CARDIOLOGISTS IN TERTIARY-LEVEL HOSPITAL
Yoo Ri Kim, MD, PhD, Sun-hwa Kim, MD, Young Choi, MD,
Sung-Hwan Kim, MD, Yong-Seog Oh, Ju Youn Kim, Tae-Seok
Kim, MD, You Mi Hwang, MD, PhD, Ji Hoon Kim, Man Young
Lee, MD, PhD, Sung Won Jang, MD, PhD and Tai Ho Rho,
MD, PhD. The Catholic University of Korea, Incheon, Republic
of Korea, Seoul St. Mary’s Hospital, Seoul, Republic of Korea,
Department of Cardiology, Seoul St. Mary’s Hospital, Seoul,
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Republic of Korea, The Catholic University of Korea, Seoul,
Republic of Korea, Seoul St.Mary’s Hospital, Cardiology, Seoul,
Republic of Korea, Daejun St.Mary’s Hospital, Seoul, Republic
of Korea, St.Vincent Hospital, Suwon, Republic of Korea, St.
Vincent Hospital, Kyunggido, Republic of Korea, Yeouido St.
Mary’s Hospital, Seoul, Republic of Korea, St. Paul Hospital,
Seoul, Republic of Korea
Background: Due to the variability of Electrocardiography
(ECG) instruments and medical specialists’ interpretation skills, it
remains a challenge to deliver rapid and accurate ECG reports in
general practice.
Objective: We hypothesized that collective intelligence (CI)
by mobile web-based tele-consultation service with doctors
would enable extending the utility of the ECG beyond its current
limitations, while preserving interpretability which remains critical
to medical decision making.
Methods: We create a new mobile web-based tele-consultation
service to realize ubiquitous ECG tele-diagnosis for general
practitioners in primary hospital.
Results: From December 2017 to November 2018, 116
ECGs (34.8%) were interpreted as CI through a mobile webbased system and 217 ECGs (65.2%) were analyzed by three
cardiologists in a tertiary-level hospital. All ECG reading data
lastly confirmed with a cardiac electrophygiologist (EP). The time
to an initial ECG reading by CI was faster than by cardiologists
(0.3 days vs. 2.9 days, p< 0.0001). However, the time to the last
ECG reading were comparable (2.2 days vs. 2.9 days, p=0.07).
Surprisingly, the numbers of total ECG readings that the CI
system outnumbered the conventional ECG reading system (3.3
vs. 1.2, p<0.0001). the consensus of ECG reading with a cardiac
EP was similar in both groups (97.4 % vs. 98.2%, p=0.698)
Conclusion: This mobile web-based ECG reading by collective
intelligence expands the traditional ECG applications onto the
collaboration of clinicians at different locations among hospitals.
In short, this service can greatly improve medical service quality
and efficiency, especially for patients in general primary practice.
Comparison of ECG readings between collective intelligence and conventional
consult system
Collective
intelligence
(N=116)

Cardiologists in
tertiary hospital
(N=217)

p-Value

Time to an initial reading (days)

0.3±0.8

2.9±3.2

<0.0001

Time to the last reading (days)

2.2±3.4

2.9±3.2

0.071

Number of total ECG readings

3.3±2.5

1.2±0.5

<0.0001

Consensus rate with reading by
Cardiac EP (%)

97.4

98.2

0.698

S-PO04-227
SINOATRIAL NODAL ARTERY ISCHEMIA-INDUCED ATRIAL
FIBRILLATION
Matthew A. Goldstein, BA, MD, FHRS, Aaron M. Giltner,
Richard Tucci, MD, Mark D. Heimann, ACNP, CEPS, CCDS,
Amanulla Khaji, MD and Colin M. Movsowitz, MBChB.
Cardiology Consultants of Philadelphia, Paoli, PA, Main Line
Health Services, Kennett Square, PA, Lankenau Medical
Center, Wayne, PA, Cardiology Consultants of Philadelphia,
Bryn Mawr, PA

Background: Atrial Fibrillation (AF) is the most prevalent
human arrhythmia. Common causes include atrial fibrosis, atrial
stretch, electrolyte abnormalities, thyroid disorders, medication
toxicities, post-operative inflammation, alcohol, acute and
chronic lung disease, and obstructive sleep apnea. While
ventricular fibrillation (VF) is often presumed to be caused by
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myocardial ischemia, AF does not trigger the same diagnostic
and therapeutic approach despite the fact that the presence of
SinoAtrial Nodal (SAN) artery disease doubles the risk of AF
after coronary artery bypass grafting (CABG) and that early
AF post acute myocardial infarction (AMI) is associated with
coronary occlusion just prior to the SAN branch origin.
Objective: To increase awareness of myocardial ischemia of the
atrium, especially involving the SAN artery, as a common cause
of AF.
Results: We present a 69 year-old male who underwent
elective coronary angiography due to chest pain with exertion,
palpitations, and an abnormal stress test. Echocardiogram
demonstrated normal left ventricular ejection fraction with no
wall-motion abnormalities and no significant valvular disease.
Angiography revealed an isolated distal RCA lesion just prior
to the take-off of a recurrent atrial / SAN artery branch. Wiring
the lesion resulted in atrial fibrillation. Balloon dilation of the
stent also resulted in atrial fibrillation. Sinus rhythm resumed
immediately upon resumption of normal blood flow. The patient
had no post-procedural chest pain or palpitations.
Conclusion: Myocardial ischemia of the atrium, especially
involving the SAN branch should be considered a reversible
cause of atrial fibrillation.

that inherited channelopathy could be complicated with CHD.
Objective: We experienced two CHD patients who experienced
fatal VAs after cardiac surgery in associatiton with inherited
cardiac channelotpathies.
Results: Case 1: A 4-year-old boy with tetralogy of Fallot lost
his consciousness during exercise and was resuscitated from
ventricular fibrillation (VF). He had underwent the cardiac
reconstruction at the age of 6 months. Even after the admission,
multifocal, bidirectional ventricular tachycardias (VTs) with
alternating QRS waveforms occurred repetitively. We started
beta-blocker and flecainide, and implanted a defibrillator.
A mutation in the cardiac ryanodine receptor gene (RyR2)
was detected and he was diagnosed as catecholaminergic
polymorphic VT. Case 2: A 27-year-old woman has underwent
repeated cardiac surgery of total cavopulmonary connection for
congenitally corrected transposition of great artery. Her 12-leads
ECG showed prolonged QTc interval (507 ms). VF occurred and
was successfully defibrillated on the 3rd postoperative day and
we started nadolol. Genetic analysis showed a KCNH2 mutation
and she was diagnosed as LQT2.
Conclusion: Inherited channelopathies complicated with CHD
could promote fatal VAs after cardiac surgery. Genetic analysis
could add therapeutic options in CHD patients with fetal VAs
associated with channelopathies.

S-PO04-229
A CASE OF LAMIN A/C CARDIOMYOPATHY: A SAGA OF
INTRAMURAL VENTRICULAR TACHYCARDIA

S-PO04-228
OCCURRENCE OF VENTRICULAR FIBRILLATION
ASSOCIATED WITH INHERITED CHANNELOPATHIES IN
TWO PATIENTS WITH CONGENITAL HEART DISEASE

Yoshimasa Morimoto, MD, Hiroshi Morita, MD, PhD, Saori
Asada, MD, Tomonari Kimura, MD, Masakazu Miyamoto,
MD, Koji Nakagawa, MD, PhD, Nobuhiro Nishii, MD, PhD,
Atsuyuki Watanabe, MD, PhD, Kazufumi Nakamura, MD,
PhD and Hiroshi Ito. Department of Cardiovascular Medicine,
Okayama University Graduate School of Medicine, Dentistry,
and Pharmaceutical Sciences, Okayama, Japan, Department
of Cardiovascular Therapeutics, Okayama University Graduate
School of Medicine, Dentistry, and Pharmaceutical Sciences,
Okayama, Japan
Background: Patients with congenital heart disease (CHD)
sometimes experience fatal ventricular arrhythmias (VAs)
after the cardiac surgery. These VAs are usually associated
with incisional line of the past cardiac surgery and impaired
myocardium. On the other hands, recent reports have showed

Kenneth Quadros, MBBS, MSc, Saurabh Kumar, MD, PhD,
William G. Stevenson, MD, FHRS, Neal K. Lakdawala, MD
and Usha B. Tedrow, MD, MS, FHRS. Brigham and Women’s
Hospital, Boston, MA, Westmead Hospital, University of
Sydney, Westmead, Australia, Vanderbilt University Heart and
Vascular Center, Nashville, TN, Brigham and Women’s Hospital,
Cardiology, Boston, MA
Background: Lamin A/C cardiomyopathy (CM) is characterized
by atrial arrhythmias, AV block and progressive CM with
refractory ventricular arrhythmias.
Objective: Case of Lamin CM and VT treated with a range
of ablation strategies, ultimately culminating in cardiac
transplantation.
Results: A 39-year-old male presented in 2010 with VT. He
was diagnosed with Lamin CM (LMNA p.Gly382Gly; creates
cryptic splice site and downstream truncation), EF 20%. Cardiac
MRI showed diffuse late gadolinium enhancement in LV with
extensive intramural (IM) enhancement. Amiodarone was
initiated and he initially declined ICD. In 2013, cardiac arrest
occurred, he was resuscitated and underwent ICD implant. In
2014 VT storm occurred despite amiodarone. He underwent
extensive endocardial/epicardial mapping with ablation of
basal septal VTs that slowed but did not terminate. This was
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followed by trans-coronary alcohol ablation of two basal septal
perforators. VT was controlled, but amiodarone could not be
weaned.
VT storm recurred in Feb 2016. Unipolar simultaneous ablation
was performed with catheters on LV and RV side of basal
septum but slow VT with septal origin persisted. He was partly
controlled with amiodarone and mexiletine. In Oct 2016 he
underwent irrigated needle catheter ablation of septal and basallateral substrate.From 2016-2018 amiodarone was continued
with no further episodes of VT. In November 2018 he underwent
cardiac transplantation for medically refractory heart failure.
Pathology shows extensive basal septal fibrosis and IM scar
(Figure).
Conclusion: VT in Lamin CM can have extensive IM substrate.
Goals consist of palliation of arrhythmia as a bridge to
transplantation.
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analyzed at our institution. Demographic, procedural data,
bivalrudin protocol and short and long-term complications were
assessed for each patient.
Results: From 2013-2018, 9 patients (mean 59.5 +/- 9.9
years, average EF 31%) underwent 10 procedures (4 complex
VT ablations, 2 LV summit PVC ablations, 4 AF ablations)
over an average procedure duration of 6.5 hours +/- 2.1
hours (Table). RFA was conducted in the LV endocardium,
epicardium and LA. Inability to use heparin was due to heparin
induced thrombocytopenia, adverse protamine reactions and
religious considerations. In all cases, bivalrudin dosing protocol
accepted for coronary interventions was applied (0.75 mg/kg
bolus followed by 1.75 mg/kg/min infusion) with routine ACT
evaluations to titrate bivalrudin and achieve target ACT levels.
No short or long-term bleeding or thrombotic complications were
noted.
Conclusion: To our knowledge, this is the first reported cohort to
undergo safe and effective use of bivalrudin for intraprocedural
anticoagulation to support RFA of complex atrial and ventricular
arrhythmias in patients unable to receive heparin.

S-PO04-231

SAFE AND EFFECTIVE USE OF BIVALRUDIN TO SUPPORT
COMPLEX ATRIAL AND VENTRICULAR ABLATION

MULTIMODALITY APPROACH TO DIFFICULT LEFT
VENTRICULAR SUMMIT VENTRICULAR TACHYCARDIA
ABLATION

Background: Anticoagulation with heparin during
radiofrequency catheter ablation (RFA) may not be suitable for
patients with adverse reactions to heparin or protamine. Limited
case reports, describing elective atrial ablations, have reported
using bivalrudin for intraprocedural anticoagulation.
Objective: We describe the use of bivalrudin in a cohort of
patients unable to receive heparin and undergoing ablation of
complex atrial and ventricular arrhythmias.
Methods: Patients who could not receive heparin and
undergoing AF ablation, emergent VT or PVC ablations were

Background: Ventricular arrhythmias arising form the left
ventricular (LV) summit can be challenging to ablate. Novel
techniques can be employed to treat these arrhythmias.
Objective: Describe a challenging ventricular tachycardia (VT)
ablation in the LV summit
Results: A 71-year-old male with a history of nonischemic
cardiomyopathy and 2 prior endocardial VT ablations presented
with VT storm. VT (right inferior axis, positive precordial QRS
concordance, cycle length 310 ms) quickly degenerated
to ventricular fibrillation. Endo and epicardial voltage was
normal. Pace mapping at the aortomitral continuity (AMC)
identified a 96% match with stimulus to QRS onset of 115
ms. Radiofrequency ablation (RFA) up to 50 Watts with half
normal saline irrigation was unsuccessful. Pacing from the
anterior interventricular vein (AIV) produced an identical pace
morphology with stimulus to QRS of 58 ms. This site was
18 mm from the AMC ablation site. RFA at this site was also
unsuccessful. The first septal perforator branch of the left
anterior descending coronary artery traversed this area. 2 mL of
100% ethanol was infused with termination and non-inducibility

Amneet Sandhu, Alexis Z. Tumolo, MD, Blake E. Fleeman, MD,
Nicholas Mantini, MD, Brian E. Miller, MD, Shu Cheong Chang,
MD, Wendy S. Tzou, MD, FHRS, Joseph Schuller, MD, FHRS,
Matthew M. Zipse, Ryan T. Borne, Ryan G. Aleong, MD, FHRS,
Christine Tompkins, MD, Michael A. Rosenberg, MD, Paul D.
Varosy, MD, FHRS, William H. Sauer, MD, FHRS, CCDS and
Duy Thai Nguyen, MA, MD, FHRS. Univ of Colorado, Denver,
CO, University of Colorado Hospital, Denver, CO, University
of Colorado, Denver, CO, University of Colorado, Englewood,
CO, University of Colorado Denver, Aurora, CO, University of
Colorado, Aurora, CO, University of Colorado-Denver, Division
of Cardiology/EP, Denver, CO, University of Colorado Hospital,
Cardiology, Aurora, CO, University of Colorado School of
Medicine, Aurora, CO, University of Colorado Anschutz Medical
Campus, Aurora, CO, VAECHCS/University of Colorado,
Denver, CO, University of Colorado, Denver, Cardiology, Aurora,
CO

Timothy Larsen, DO, Santosh K. Padala, MBBS, Richard K.
Shepard, MD, Kenneth A. Ellenbogen, MD, FHRS and Jayanthi
N. Koneru, MBBS, CCDS. Virginia Commonwealth University,
Richmond, VA, Virginia Commonwealth University, Henrico, VA,
Medical College of Virginia Hospital, Cardiac EP, Richmond,
VA, VCU Medical Center, Richmond, VA, VCU Medical Center,
Cardiology, Richmond, VA
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of VT. VT recurred 5 days later and was successfully treated
with simultaneous unipolar ablation from the AMC and AIV which
rendered VT non-inducible (figure). He remained VT free over
the next 2 months.
Conclusion: Catheter ablation of intramural VT in the LV
summit is particularly challenging with current catheter ablation
techniques. Simultaneous unipolar radiofrequency ablation
and chemical ablation with ethanol are strategies to create
transmural lesions in this area that is inaccessible to epicardial
interventions.

S-PO04-233
UNDER-SENSING VENTRICULAR FIBRILLATION BY
A SUBCUTANEOUS IMPLANTED CARDIOVERTER
DEFIBRILLATOR LEADING TO DELAY IN DEFIBRILLATION
THERAPY

S-PO04-232
TRANSSEPTAL PUNCTURE ACROSS DOUBLE
INTERATRIAL SEPTUM: CONSIDERATION FOR A
SUCCESSFUL APPROACH

Ali H. Sheikh, DO, Kevin F. Kwaku, MD, PhD, Rajbir Sangha,
MD and Evan Grove, MD. Dartmouth Hitchcock Medical Center,
Lebanon, NH, Darthmouth Hitchcock Medical Center, Lebanon,
NH, Darthmouth Hitchcock, Lebanon, NH, Dartmouth-Hitchcock
Medical Center, Lebanon, NH
Background: Double interatrial septum (DIAS) poses technical
challenges during transseptal access. Thromboembolic risk may
be high due to blood stagnation in the interatrial cavity.
Objective: The rate of successful DIAS transseptal puncture
and its complications are unknown. We discuss our experience
in achieving transseptal access in DIAS.
Results: A 63 year old man with atrial fibrillation was referred
for ablation. Preoperative TEE showed DIAS. Intracardiac
echocardiography showed an interatrial chamber spanning
from the mid to inferior septum. A region of confluence was
seen in the high septum without fenestrations or color flow.
A Brockenbrough (BRK) needle failed to pierce through the
double membrane despite use of adequate forward pressure
and radiofrequency energy delivery. Simultaneous tenting of
both membranes by the BRK was ensured and a SafeSept
transseptal guidewire was then introduced through the BRK
needle, achieving successful left atrial access. The BRK needle
was easily advanced over the SafeSept wire, followed by a
steerable sheath into the left atrium, allowing for successful
ablation.
Conclusion: Prior case reports on transseptal access
across a DIAS focused on approaching the confluent region
of the septum, avoiding the double membrane due to risk of
thromboembolism. This was not possible in our case due to
a high septal confluence. If a SafeSept wire is used, the BRK
needle should first be advanced into and used to tent the DIAS
in order to facilitate simultaneous crossing of both septa by
the SafeSept, thereby avoiding inadvertent access into the
interatrial cavity and potentially increasing the risk for systemic
thromboembolism.

Saket Sanghai, MBBS, Bita Zahedi, David D. McManus, MD,
FHRS, Lawrence S. Rosenthal, MD, PhD, FHRS and Robert
M. Hayward. University of Massachusetts Medical School,
Worcester, MA, University of Massachusetts Medical Center,
Worcester, MA, University of Massachusetts Medical School,
Westborough, MA, UMass Memorial Medical Center - Division
of Cardiology, Worcester, MA

Background: Clinical trials have demonstrated excellent
tachycardia detection and therapy with subcutaneous implanted
cardioverter defibrillators (S-ICD). Although undersensing at
the time of DFT testing has been studied, post-implant failure
to detect ventricular fibrillation (VF) has not been previously
reported in literature or the MAUDE database. We describe
a case of cardiac arrest from delayed detection of VF due to
undersensing in a patient with an S-ICD
Results: A 63 year old man with non-ischemic cardiomyopathy,
transvenous ICD (TV-ICD) for primary prevention of sudden
death had recurrent defibrillator lead endocarditis. The TVICD was explanted, and an S-ICD system implanted. DFT
testing was performed with successful VF detection and
defibrillation at 65J. Three years later, he collapsed at home
and was successfully resuscitated and admitted to the hospital.
Interrogation of his S-ICD revealed an episode of VF with undersensing and no therapy delivered (Figure 1a). After 3.5 minutes,
the device detected VF and successfully defibrillated the patient
(Figure 1b). There were no electrolyte abnormalities and battery
life was adequate. Chest radiograph revealed unchanged and
appropriate S-ICD position
Conclusion: We suspect that the fibrillatory wave amplitudes
were lower than the non-programmable, fixed limit of 0.08
mV. Hence, VF detection criteria were not met promptly after
arrhythmia onset resulting in a delay to therapy of at least
several minutes. Further improvement in S-ICD sensing function
could perhaps be achieved by lowering of the sensing floor and/
or allowing for the use of multiple sensing vectors to prevent
under-sensing of VF
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A TALE OF TWO BIOPSIES: THE USE OF INTRACARDIAC
ECHOCARDIOGRAPHY (ICE) TO FACILITATE VOLTAGE
MAP (VM) GUIDED NATIVE HEART BIOPSIES

Shu Cheong Chang, MD, Matthew M. Zipse, Wendy S. Tzou,
MD, FHRS, William H. Sauer, MD, FHRS, CCDS and Duy
Thai. Nguyen, MA, MD, FHRS. University of Colorado, Denver,
CO, University of Colorado-Denver, Division of Cardiology/
EP, Denver, CO, University of Colorado Denver, Aurora, CO,
University of Colorado, Denver, Cardiology, Aurora, CO

S-PO04-234
NOISE OVERSENSING CAUSED BY INVOLUNTARY
MUSCLE RESPONSE INHIBITS DETECTION OF
VENTRICULAR FIBRILLATION DURING DEFIBRILLATION
TESTING

Sarah W.E. Baalman, MD, Kirsten M. Kooiman, PA, AnneFloor B.E. Quast, MD, Pieter G. Postema, MD, PhD, Steven
Donnelley, MSS and Reinoud E. Knops, MD, PhD. Amsterdam
UMC, Amsterdam, Netherlands, Boston Scientific, MN
Background: A recently published study showed absence of
ventricular fibrillation (VF) detection during defibrillation testing
(DFT) due to noise oversensing in five subcutaneous ICD
(S-ICD) patients.
Objective: To confirm the hypothesis that muscle spasm intrinsic
to S-ICD induced VF caused the sensing issue with subsequent
withholding of shock therapy.
Results: A 66 year-old man with ischemic cardiomyopathy
experienced inhibition of shock therapy due to noise oversensing
during two consecutive DFTs after elective S-ICD replacement
in our tertiary center. After changing the sensing vector from
primary to secondary, a third DFT was performed with successful
S-ICD sensing and defibrillation. An additional EP study was
performed after two months. We changed the sensing vector
back to primary and performed five DFTs with EP catheter or
S-ICD induced VF, with- or without additional muscle relaxant.
Induction of VF by pacing with the EP catheter, without muscle
relaxant, did not produce any noise. S-ICD induced VF, without
muscle relaxant, resulted in noise oversensing leading to VF
detection delay (figure A). However, S-ICD induced VF, with
muscle relaxant, did not produce any noise (figure B).
Conclusion: Involuntary muscle spasm associated with S-ICD
induced VF is a condition that in rare cases can cause a delay or
absence of VF detection during DFT. This case shows that noise
oversensing only occurs after S-ICD initiated VF without the use
of muscle relaxant in the primary sensing vector. Performing
a DFT may therefore unmask a challenging problem that is
intrinsic to S-ICD induced VF.

Background: Obtaining a diagnostic native heart biopsy is
challenging under fluoroscopic guidance in patients with patchy
inflammation and scar.
Objective: We present the first reported use of ICE in addition to
a VM to facilitate a successful endomyocardial biopsy (EMBx) in
a patient where a previous fluoroscopic guided biopsy failed.
Results: A 22-year-old previously healthy woman presented with
cardiogenic shock and VT. A cardiac MRI revealed patchy areas
of myocardial inflammation in addition to extensive areas of LGE.
A fluoroscopic guided EMBx was performed, but all 4 samples
showed normal myocardium. Given persistence of VT, an ICE
and VM guided biopsy was attempted. Two discrete areas of
low voltage were seen on her VM, which correlated with discrete
areas of hyperechoic myocardium on ICE imaging. The bioptome
naturally drifted to the distal RV free wall and required redirection
to the septum under guidance of ICE and force sensing. Biopsy
results showed myocardium with mixed inflammation and fibrosis
consistent with a diagnosis of arrhythmogenic inflammatory
cardiomyopathy. Patient was treated with steroids and received
an ICD. This technique has been used in two additional cases
with similar efficacy and safety.
Conclusion: The use of ICE and VM to guide an EMBx yielded
superior safety and diagnostic results when compared to
fluoroscopic guidance alone. In patients in whom the etiology of
acute inflammation is unclear, ICE and VM may guide EMBx to
provide superior results vs fluoroscopic guidance alone.

S-PO04-236
TRANSCATHETER TRICUSPID VALVE REPLACEMENT
WITH SIMULTANEOUS MICRA LEADLESS PACEMAKER
PLACEMENT

Jason J. Payne, MD, Austin Burrows, David Zisa, MD, PhD,
Bharath Rajagopalan, MBBS, Andrew Weintraub, MD,
Christopher Madias, MD, FHRS and Munther K. Homoud, MD,
FHRS, CCDS, CEPS-A. Tufts Medical Center, Boston, MA,
Tufts Medical Center, Weston, MA
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Background: The patient is a 57-year-old woman with history of
permanent AF and congenital tricuspid stenosis (TS). Tricuspid
valve replacement (TVR) in 1987 resulted in heart block and
epicardial PPM was implanted. In 2002 she presented with
severe TS and had in-hospital arrest during acute illness. Redo
TVR and epicardial ICD were performed. She had no recurrence
of ventricular arrhythmia. She underwent abdominal ICD change
earlier this year, but then presented with pre-syncope and early
RV lead fracture. In addition she again developed severe TS, but
was not eligible for third sternotomy. She therefore underwent
new epicardial lead placement and pocket revision with plan
for outpatient transcatheter valve replacement (TTVR). She
developed abdominal pocket infection that did not respond to IV
antibiotic.
Objective: We describe the first case of combined valve-in-valve
TTVR and Micra Leadless PPM (Medtronic, Minneapolis, MN)
implant.
Results: Via right femoral vein the patient underwent tricuspid
valvuloplasty. An Edward Sapien #29 mm bioprosthetic
valve was positioned across the tricuspid bioprosthesis. Post
deployment there was mean gradient of 3 mmHg and no
paravalvular regurgitation. After TTVR, a 23-French introducer
was successfully navigated across the new bioprosthetic valve.
Micra PPM was placed in the RV septum with pacing threshold
at 0.7 volts at 0.24 milliseconds. The patient subsequently
underwent explant of the abdominal ICD.
Conclusion: The patient tolerated the procedure well without
complication. In follow up her threshold remained stable and
abdominal pocket was healing well. Our case suggests that this
combined procedure is safe and feasible.

with recurrent syncope and admitted to our hospital. Significant
off-set pause from atrial fibrillation up to 7 seconds and sinus
bradycardia was noted. Echocardiogram was not significant.
A dual chamber pacemaker was implanted and she was
discharged to the nursing home. At 2-week follow-up visit,
massive pleural effusion was noted on chest X-ray. She also
showed the symptom of Supra Vena Cava syndrome. Contrast
CT scan showed an 8-cm mass in the high lateral right atrium.
She and her family wished for the supportive care, and the
patient passed away after 2 months. Autopsy showed an 8-cm
tumor possibly originating from the sinus node, extending
to the right atrial appendage and the septum from the SVC.
Immunochemical staining showed positive CD 20 (the B cell
marker) and CD 79a, while CD 3 (the T cell marker) and 5
were negative. Pathologic finding confirmed diffuse large
B-cell lymphoma. The patient developed sick sinus syndrome
in relatively short period, and this was most likely caused by
cardiac B cell lymphoma originating in sinus node.
Conclusion:

S-PO04-238
A SHEEP IN WOLF’S CLOTHING

Thomas A. Dewland, MD and Seshadri Balaji, MBBS, PhD,
CEPS-P. Oregon Health & Science University, Portland, OR,
Oregon Health and Science University, Portland, OR

S-PO04-237
PRIMARY CARDIAC B CELL LYMPHOMA FROM SINUS
NODE, PRESENTING AS SICK SINUS SYNDROME

Takato Mohri, Akiko Ueda, DM, Yumi Katsume, DM, Mika
Nagaoka, DM, Yuichi Momose, DM, Noriko Nonoguchi, DM,
Kyoko Hoshida, Ikuko Togashi, Toshiaki Sato, Kazunobu
Isogaya, DM, Osamu Igawa, MD and Kyoko Soejima, DM. Kyorin
University Hospital, Tokyo, Japan, Nippon Univ, Tokyo, Japan
Results: Primary cardiac lymphoma is a rare disease, and
is often difficult to diagnose. We have experienced a patient
who presented with sick sinus syndrome, and found to have
primary cardiac lymphoma involving sinus node by autopsy. A
96-year-old female with no previous medical history presented

Background: Redo ablation procedures can present unique
diagnostic challenges.
Objective: To describe a diagnostic pitfall caused by prior left
lateral AP ablation.
Results: A 21 yo man presented after a VF arrest. His
post-resuscitation ECG demonstrated manifest ventricular
pre-excitation. An EP study at an outside hospital confirmed
inducible VF due to AF with rapid conduction over a left lateral
AP. After extensive ablation along the lateral endocardial mitral
annulus and within the CS, AP conduction was abolished. Three
months after ablation, the patient presented with SVT. A second
EP study at our institution demonstrated antegrade conduction
over a left lateral AP with atrial pacing (Figure). RV pacing,
however, demonstrated concentric VA conduction. Inducible
SVT was short RP with 1) proximal to distal CS activation and 2)
earliest RA activation at the His catheter (Figure). Orthodromic
AVRT was confirmed with standard maneuvers. These findings
initially suggested the presence of two APs (antegrade left
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lateral, retrograde anteroseptal). Prior to ablation in the high
risk anteroseptal region, we mapped the LA. During SVT the
superior LA was activated in a lateral to medial fashion, while the
inferior LA was activated in a medial to lateral direction. This was
ultimately explained by mitral isthmus block from the previous
ablation procedure, with a single bidirectional AP lateral and
superior to the line of block. This was not initially appreciated
because the CS catheter could not be positioned past the line of
block due to anatomic limitations.
Conclusion: LA activation as assessed via the CS may be
misleading after prior lateral AP ablation.
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cardiomyopathy. At 2 week f/u, EKG remained normal and
he was asymptomatic. He met with a genetic counselor, but
deferred genetic testing. Given reversible cause and absence of
ventricular arrhythmia, ICD was not implanted.
Conclusion: Loperamide use at supra- therapeutic levels
causes prolonged QtC and unmasking of Brugada pattern
suggesting a potential role in blocking HERG gene and sodium
channels. Given the reversible cause, ICD can likely be deferred
in the absence of high arrhythmia burden, syncope or family
history. Whether patients with drug induced brugada pattern
have underlying genetic predisposition remains to be elucidated.

S-PO04-240
OPTIVOL-EXAM MISMATCH: A CASE OF REDUCED
THORACIC IMPEDANCE DUE TO MEDIASTINAL MASS
Julia McHugh, MD, PhD and Sharon Shen, MD. Vanderbilt
University, Nashville, TN

S-PO04-239
BRUGADA PATTERN UNMASKED BY LOPERAMIDE
ABUSE

Arshneel Singh Kochar and Mandeep Bhargava, MBBS.
Cleveland Clinic, Cleveland, OH, Cleveland Clinic Foundation,
Cleveland, OH
Background: Triggers for unmasking Brugada syndrome
include fever, electrolyte abnormalities, excessive alcohol or
cocaine use and medications. Loperamide has been implicated
in blocking HERG leading to prolonged QtC. We report a case
of drug induced brugada pattern from excessive loperamide use
suggesting a role in depolarization abnormalities as well.
Results: A 33 year-old nurse with crohn’s disease status post
ileocolic resection complicated by post-operative atrial fibrillation
presented with nausea and pre-syncope. He admitted to using
70-90 tablets of loperamide over the previous 5 days. He denied
syncope or family history of SCD. EKG on admission showed
type 1 Brugada pattern and QtC of 570. Transthoracic echo
revealed mild apical wall motion abnormalities and preserved
EF. Cardiac catheterization showed normal coronaries. Urine
drug screen was positive for opiates. Loperamide was held with
resolution of brugada pattern first and eventual normalization
of QtC. Cardiac MRI was negative for ARVC or stress induced

Background: Intrathoracic impedance (ITI) is often used as
a marker of volume status in heart failure patients with ICD
devices. We report a case of decreasing ITI without clinical
evidence of volume overload, preceding the diagnosis of lung
cancer.
Results: A 60-year-old man with PAF, cardiomyopathy, and
an ICD equipped with OptiVol impedance sensing, presented
for inappropriate shocks due to rapid AF, was found to have a
significant drop in ITI and an increase in OptiVol index (Figure).
He described worsening dyspnea, although clinically without
evidence of volume overload, and BNP was 91 pg/mL. CTA
showed a large right mediastinal mass found to be non-small cell
carcinoma. He received XRT and chemotherapy, with a marked
decrease in the mediastinal mass and a corresponding increase
in thoracic impedance back to baseline values.
Conclusion: False positive OptiVol alarms have been reported
in cases of pleural effusion, pneumonia, pocket revision,
pericardial effusion, aspiration of a pneumothorax, and lung
cancer. Suspected mechanism is change in local tissue
properties (edema or change in lung volume) producing a drop in
impedance unrelated to intravascular volume status. In this case,
thoracic impedance was inversely proportional to the size of the
mediastinal mass. To our knowledge, this is the second report of
lung cancer causing “falsely” elevated OptiVol values. The case
illustrates the importance of investigating alternate etiologies to
explain significant OptiVol-to-exam mismatch and the limitations
of interpreting thoracic impedance measurements.
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S-PO04-241
WHEN A DEVICE SOFTWARE UPGRADE GOES WRONG:
BEWARE OF DEVICE INTERACTIONS NOT HACKERS

Hector L. Banchs, MD, Jason Appelbaum, Robert Peters,
MD, Vincent Y. See, MD, Timm-Michael Dickfeld, MD, PhD,
Stephen R. Shorofsky, MD, PhD, FHRS and Alejandro Jimenez,
MD. University of Maryland Program, Baltimore, MD, UMMC,
Baltimore, MD, VA Medical Center, Baltimore, MD, University of
Maryland Medical Center, Baltimore, MD, UMD, Baltimore, MD,
Univ of Maryland Hospital, Division of Cardiology, Baltimore,
MD, University of Maryland, Medicine, Baltimore, MD
Background: A recent FDA safety communication recommends
that some RF-enabled Abbott ICD and CRT-D models undergo
firmware upgrade of their battery performance alerts and device
security algorithms. Installing the firmware patch from the
programmer into the device requires uninterrupted telemetry
communication.
Objective: We describe a case of routine firmware update
leading to a device reset.
Methods: A 45 year old man with advanced cardiomyopathy,
status post ventricular assist device (VAD) (HeartWare 5400)
and a Fortify Assura™ single chamber ICD presented to device
clinic for follow up. Interrogation showed a ventricular noise
reversion alert due to noise from the VAD recorded as multiple
non-sustained VT episodes (Fig A). No inappropriate therapies
or sustained events were recorded. During cyber security
firmware upgrade with the programmer wand taped to the
patient’s chest the device went into VVI mode with therapies off
(Fig C).
Results: The programmer alerted of a firmware reset error
(Fig B). Abbott technical support was required for firmware
restoration. Despite adequate wand placement throughout
the firmware update, apparent noise from the VAD affected
programmer to device communication transiently. Prior cases
of VAD and ICD interaction have been published but to our
knowledge this is the first case report of an Abbott ICD reset due
to a VAD interaction during the recent firmware upgrade.
Conclusion: Crosstalk in patients with VAD leading to telemetry
interruption and device reset during firmware upgrades is a
potential risk. For this reason VAD patients implanted with
devices without premature battery depletion advisory may not
warrant firmware update.

ORIENTATION INDEPENDENT HIGH DENSITY CATHETER
IMPROVES SUBSTRATE MAPPING IN COMPLEX
CONGENITAL HEART DISEASE

Mary Niu, MD, Yukiko Yukiko. Asaki, MD, Megan Kelly, BSN,
RCES, CEPS, Lisa Grau, BS, CCDS, CEPS, Lori J. Powell,
BSN, CEPS and Thomas A. Pilcher, MD, MS, FHRS, CEPS-P.
University of Utah Health Sciences Center / Primary Children’s
Hospital, Salt Lake City, UT, University of Utah/Primary
Children’s Hospital, Salt Lake City, UT, Primary Children’s
Medical Center, Salt Lake City, UT, Abbott, St. Paul, MN,
Primary Children’s Hospital, Salt Lake City, UT, Univ of Utah,
Primary Childrens Med Cntr, Ped Cardiology, Salt Lake City, UT
Background: The Advisor HD Grid (HDGC) is a multipolar
mapping catheter that incorporates wavefront direction into
tissue voltage and activation maps. Feasibility and utility of this
technology in pts with complex congenital heart disease has not
been described.
Objective: We describe a pt with palliated Ebstein’s anomaly
and multiple arrhythmias. The HDGC was used to map two
discrete arrhythmia substrates. The case highlights the
importance of wavefront direction on 1) low voltage bridge
identification for eliminating slow pathway (SP) AVNRT and 2)
determining the origin of atrial tachycardia (AT).
Results: 27 y/o F with Ebstein’s presented with palpitations, s/p
surgical repair at age 16. Long RP tachycardia was documented
on outpatient cardiac monitoring. EPS demonstrated dual AV
node physiology and reproducible slow-slow AVNRT. Using the
HDGC, the SP and its low-voltage bridge were identified. SP
cryoablation was attempted, resulting in no inducible AVNRT;
isolated AV nodal echo beats persisted. Repeat mapping
identified residual low voltage connections on both ends of the
previous low voltage bridge. These were seen on east-west
oriented bipoles but nearly absent on orthogonal pairs. (Figure
1B). Ablation in these locations resulted in complete loss of SP
activity. AT was then induced. EGMs from the earliest bipole
differed significantly from their orthogonal bipoles (Figure 1C).
Lesions placed resulted in AT termination.
Conclusion: Because activation wavefront propagation affects
local EGM voltage, orientation independent high density
catheters increase the accuracy and efficiency of mapping
arrhythmias in pts susceptible to multiple arrhythmias.
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EXTRACTION OF A DENSELY ADHERENT
SUBCUTANEOUS ICD LEAD

Ragesh Panikkath, MD, Faiz A. Subzposh, MD and
Pugazhendhi Vijayaraman, MD. Geisinger Heart Institute,
Wilkes Barre, PA, Geisinger Heart Institute, Philadelphia, PA

S-PO04-243
HIS BUNDLE PACING IN A PATIENT WITH EBSTEIN’S
ANOMALY

Ragesh Panikkath, MD, Faiz A. Subzposh, MD, Hugh
Calkins, MD, Terry D. Bauch, Vernon Mascarenhas, MD and
Pugazhendhi Vijayaraman, MD. Geisinger Heart Institute,
Wilkes Barre, PA, Geisinger, Philadelphia, PA, John Hopkins,
MD, Geisinger Health System Program, Danville, PA, Geisinger
Wyoming Valley, Mountain Top, PA
Background: His bundle pacing (HBP) is the most physiologic
form of pacing. Ebstein’s anomaly is associated with
displacement of the septal tricuspid leaflet apically into the right
ventricle with associated enlargement of the right atrium. HBP
has not been previously reported in patients with Ebstein’s
anomaly.
Methods: A 62-year-old white male with Ebstein’s anomaly,
PAF, symptomatic second-degree AV block, reduced exercise
tolerance and mild RV and LV dysfunction was referred for
permanent HBP. EKG showed PR of 350 ms and periods of
second-degree AV block. Holter showed 1736 pauses >3s. MRI
showed Ebstein’s anomaly with moderate to severe tricuspid
regurgitation (TR), right atrial and right ventricular enlargement.
Results: HBP was performed using the C-315 His sheath and
the 3830 lead with fluoroscopy and procedure duration of 5 and
65 minutes. Non-selective to selective His capture was noted
with thresholds of 2.1 and 0.4 V @ 1 ms, respectively. Sensing
1.7 mV and impedance 503 Ohms. Echocardiography post
procedure showed the HBP lead-tip in the atrial side above the
septal tricuspid leaflet (figure).
Conclusion: HBP is feasible in patients with Ebstein’s anomaly,
despite severely enlarged right atrium and severe TR. This is the
first description of HBP in a patient with Ebstein’s anomaly, to
our knowledge.

Background: Variety of techniques and tools are available
for the extraction of transvenous pacemaker or ICD leads.
However there is limited experience on removal of indwelling
subcutaneous-ICD leads.
Methods: A 48- year-old man with history of end stage renal
disease on dialysis and ischemic cardiomyopathy underwent
primary prevention S-ICD implantation using 2-incision technique.
He presented with multiple admissions for AF with fast ventricular
rates, hemodynamic compromise and severe HF despite highdose amiodarone therapy. Management of AF was challenging
due to hypotension, multiorgan failure and prolonged QT.
Results: AV node ablation and a transvenous biventricular ICD
with a HIS lead was implanted. The previously implanted S-ICD
coil was densely adherent in the parasternal area and could
not be removed by manual traction. Mechanical extraction tools
(Evolution Shortie RL, 11 Fr, 5.4 inch length and Evolution RL,
13 Fr, 16 inch length) were introduced over the lead from the
xiphisternal incision to free the adhesions (figure). Traction was
applied with external silk sutures. The lead could be removed
without difficulty after releasing the adhesions.
Conclusion: This is the first report of removal of a densely
adherent subcutaneous ICD lead using mechanical extraction.
Although no dedicated extraction tools are available, the lead
could be removed with conventional mechanical extraction tools.

S-PO04-245
RANOLAZINE INDUCED TYPE 1 BRUGADA
ELECTROCARDIOGRAPHIC CHANGES IN AN INFLUENZA
POSITIVE AND FEBRILE PATIENT
Nishit Biniwale, MBBS, MD, Qiu Tong and Cameron Hall, MD,
MS, FACC, FSCAI. Rochester General Hospital, Rochester,
NY, Sands Constellation Heart Institute, Rochester General
Hospital, Rochester, NY

Background: Brugada Syndrome (BS) is a rare sodium
channelopathy that is inherited in an autosomal dominant
fashion with variable penetrance; predisposing those afflicted to
sudden cardiac death. Many medications have been associated
with this condition, particularly those that block sodium channels.
Ranolazine to our knowledge has never been associated with
ECG changes consistent with BS and literature linking the two
together is sparse.
Objective: We present a case of type-1 Brugada ECG pattern

Poster Session IV
in a patient taking Ranolazine, superimposed on a febrile illness,
which resolved upon cessation of the medication and resolution
of the illness.
Results: An 80-year-old male presented with symptoms of nonradiating, substernal chest pain two hours prior. He had two
self-limited episodes that aroused him from his sleep. The pain
partially responded to glyceryl-tri-nitrate and was associated
with profuse diaphoresis. Past medical history was significant
for triple vessel coronary artery disease with a myocardial
infarction eight years ago, dyslipidemia and hypertension. He
was prescribed Ranolazine for his anginal symptoms one year
ago. By the time he arrived at Emergency, his chest pain had
resolved but his ECG was suggestive of lateral wall S-T elevated
myocardial infarction. Coronary angiography showed unchanged
coronary vasculature compared to a year ago. It was also noted
on the ECG that his QT interval was prolonged along with ST
segment elevation significant for a type-1 Brugada pattern.
He became febrile and tested positive for Influenza A. Despite
defervescing, his ECG changes persisted. Consequently,
Ranolazine was discontinued and serial ECGs trended to normal
after 8 hours.
Conclusion: Ranolazine has been presumed to be safe in
patients at risk of BS based on preferential reduction of the late
sodium current (INaL). We present a case where the drug is
likely involved in unmasking the characteristic ECG features. The
presence of fever suggests a potential “two-hit phenomenon”,
but the time-to-normalization of ECGs is corroborant with the
elimination half-life of ranolazine, implicating the drug. It is
possible that INaL plays a larger role in BS than previously
thought.

S-PO04-246
COMPLETE DISRUPTION OF A ST. JUDE MEDICAL
QUARTET LEFT VENTRICULAR PACING LEAD AS EARLY
AS 5 WEEKS AFTER UNCOMPLICATED IMPLANTATION
VIA THE LEFTSIDED SUBCLAVIAN VEIN
Jochen Buchholz, MD, Nico Reinsch, MD, Ute Ruprecht, MD,
Anna Füting, MD, Felix Buschmeier, MD and Kars Neven, MD,
PhD. Alfried Krupp Hospital, Essen, Germany

Background: Resynchronisation therapy (CRT) is an
established therapy in heart failure patients. Quadripolar
leads allow for multisite stimulation and reduce phrenic nerve
stimulation.
Objective: We report a patient with aggravation of heart failure
due to LV-lead exit block 7 months after implantation of a St.
Jude Medical (SJM) Unify Quadra CRT-D system and a SJM
Quartet LV-lead.
Results: A 74-year-old man with impaired LV function and
left bundle branch block underwent CRT-D implantation. The
RV ICD-lead and RA lead were implanted via the left cephalic
vein. The LV-lead was placed via the lateral left subclavian
vein (Fig. A+B). Three- and six-month follow-up showed
clinical improvement and device parameters were normal.
Seven months after implantation, the patient had pain in his
left shoulder for 2 weeks, with worsening of dyspnea. LVlead impedance was >2000 Ohm and there was LV exit block
in all pacing configurations. Chest X-ray showed LV-lead
externalization below the clavicula (Fig. D). In retrospect, an
X-ray 5 weeks after implantation showed the same finding but
was unnoticed by the radiologist (Fig. C). Then, no warning was
given by the CRT-D. During surgery, a completely disrupted LVlead 4 cm medial to the fixation sleeve was visible (Fig. E). The
proximal lead fragment could easily be retracted (Fig. F), the
distal fragment had to be removed via the femoral vein using a
snare catheter.
Conclusion: The SJM Quartet LV lead can not only be
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fractured, but even be completely disrupted as early as 7 months
after uncomplicated implantation via the left subclavian vein.

