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Abstract
Background The role of catheter ablation as an adjunct and alternative to ICD implantation is not known in patients at
risk for recurrent ventricular tachycardia (VT) and sudden cardiac death (SCD) across Asia. Patients with nonischemic
etiologies of cardiomyopathy, which are highly prevalent in Asia, have not been previously enrolled in randomized trials
of VT ablation.
Objective To evaluate whether preemptive catheter ablation in patients with monomorphic VT and an indication for ICD
implantation results in improved clinical outcomes compared to ICD implantation with standard medical therapy alone.
To examine the natural history of ablation outcomes in the absence of background ICD therapy in patients that refuse
randomization.
Methods The PAUSE-SCD study (NCT02848781) is a prospective, multi-center, randomized controlled trial enrolling patients
with structural heart disease (EF < 50%) with an indication for ICD implantation. Patients are randomized in a 1:1 fashion to two
treatment arms: ICD with ablation and ICD with standard medical therapy alone. A prospective registry cohort was designed to
follow the outcomes of patients who refuse ICD and randomization but elect to receive catheter ablation as primary therapy. The
primary endpoint is defined as a composite of recurrent VT, cardiovascular rehospitalization, and death. Pre-specified secondary
endpoints include each of the individual components of the primary endpoint in addition to comparison between randomized and
registry patients.
Conclusion The PAUSE-SCD study is a prospective, multi-center, randomized, and controlled trial examining the impact of
preemptive catheter ablation on cardiovascular outcomes in patients with an indication for ICD at risk for recurrent VTand SCD.
It represents the first multi-center VT ablation study in Asia, with a design intended to provide insights into the role of both ICD
and ablation therapy in a predominantly nonischemic population.
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1 Introduction

Sudden cardiac death (SCD) remains the leading cause of
death in the USA, with an estimated 450,000 cases annually
[1]. Implantable cardioverter defibrillator (ICD) therapy re-
mains the most effective abortive strategy for arrhythmic mor-
tality in the secondary and primary prevention setting.
However, ICD therapies are strongly associated with in-
creased rates of hospitalization and all-cause mortality [2].
As catheter ablation of ventricular tachycardia (VT) has been
demonstrated to decrease recurrent VT and ICD therapies
across various clinical settings [3–7], it is biologically plausi-
ble that ablation may have a favorable impact on mortality.

A recent multi-center study of 2061 patients by the
International VTAblation Center Collaboration demonstrated
that recurrent VT after failed catheter ablation was associated
with a seven-fold subsequent risk for mortality, and freedom
for recurrence was associated the improved survival, indepen-
dent from ejection fraction, and heart failure severity [8].
SMASH VT and VTACH demonstrated statistically signifi-
cant reductions in subsequent ICD therapy in patients that
underwent prophylactic catheter ablation early in the course
of their disease [9, 10]. While a trend towards improved sur-
vival was seen in those randomized to ablation in SMASH
VT, limited sample size of these studies, low event rates, and
presence of concomitant ICD therapy in both arms may have
limited the discriminatory power to demonstrate mortality
benefit from catheter ablation. Both of these two trials exclu-
sively enrolled patients with post-infarction VT and to date;
there have been no studies that have included nonischemic
etiologies, a growing population referred for both ICD and
catheter ablation [11, 12].

The incidence of SCD in Asia is not well known and the
population at risk is over four times the size of the USA, as
Asia has the largest population amongst any continent in the
world [13]. Some estimates suggest that the incidence of SCD
in Asia is lower than the rates reported in the USA [14].
However, the penetration and acceptance of both ICD therapy
and catheter ablation into routine medical practice and guide-
lines in Asia is incomplete [15]. In the prospective ASIAN-HF
registry from 11 Asian regions, ICD utilization was 12%
amongst 3240 ICD-eligible patients studied [16]. The barriers
to widespread adoption of ICD implantation across Asia are
multifactorial, including financial, cultural, and scientific fac-
tors [17]. In Asia, the cost of the device is not fully covered by
national insurance, making the technology cost-prohibitive for
many patients who are likely to derive benefit. Cultural biases
include aversion to surgery and implantation of devices, in
addition to attitudes that reflect culture-specific disease
progression.

Importantly, the vast majority of scientific evidence and
randomized data that support current ICD guidelines have
been performed in the USA and Europe, and the

generalizability of these data to Asian populations remains
unknown. Continuity in clinical follow-up remains a chal-
lenge in vast Asian countries due to limitations in patient
education, cultural attitudes that bias against accepting im-
planted devices, and geographic distance from specialized
centers. However, compliance may potentially be improved
in patients with implantable devices due to the need for device
interrogations, improved awareness and education, and partic-
ularly in those that receive ICD therapy.

In this current state, Asia serves as an optimal environment
and setting to systematically examine the efficacy of both ICD
therapy and catheter ablation of VT in patients at risk for
sudden death due to ventricular arrhythmias. Further, insights
into the impact of both ICD and ablation on mortality can be
gained as patients with structural heart disease referred for VT
ablation often refuse ICD implantation in Asia.

2 Methods

2.1 Primary objective

The purpose of this study is to evaluate whether preemptive
VT ablation in patients with monomorphic VT and an indica-
tion for ICD implantation reduces arrhythmic and cardiovas-
cular events compared to ICD implantation and standard med-
ical therapy alone. A prospective registry cohort was designed
to follow the outcomes of patients who refuse ICD and ran-
domization but elect to receive catheter ablation as primary
therapy.

2.2 Study design

PAUSE-SCD is a prospective multi-center, randomized, and
controlled clinical trial designed to assess the role of preemp-
tive catheter ablation in patients > 18 years old meeting indi-
cations for ICD implantation with structural heart disease (EF
< 50%) and monomorphic VT. Patients with nonischemic eti-
ologies, including dilated cardiomyopathy and arrhythmogen-
ic RV cardiomyopathy (RVEF < 50%) are eligible for enroll-
ment. Patients are deemed at higher risk for recurrent VT if
they have an indication for ICD for secondary prevention of
monomorphic VTor meet criteria for primary prevention ICD
implantation and have inducible monomorphic VT during ei-
ther invasive EP study or noninvasive programmed
stimulation.

Patients with STEMI within 60 days, revascularization
within 45 days, reversible causes of VT or cardiomyopathy,
EF < 15%, NYHA IV status, and life expectancy less than
1 year are excluded from enrollment. The inclusion and ex-
clusion criteria are listed in Table 1.

Randomization is assigned in 1:1 fashion between control
and catheter ablation (Fig. 1). Those randomized to the control
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arm will receive ICD implantation (with or without clinically
indicated CRT) and standard medical therapy (beta blockers,
anti-arrhythmics) at the discretion of the treating physician.
Subjects randomized to the ablation arm will undergo catheter
ablation within 90 days of ICD implantation. Patients that
refuse ICD therapy and randomization who elect to undergo
ablation are eligible to be enrolled in a prospective registry
cohort. Prior to 10/12/16, the participating sites performed
randomization using a table (block size of 4) provided by
the coordinating site. After additional in-house statistical re-
view of the protocol, central electronic randomization from
the coordinating site was advised. Central randomization

commenced on 10/12/2016 and 25 patients were enrolled
using the original randomization table schema.

3 Procedural approach

Before ablation, transthoracic echocardiogram (TTE) should
be obtained up to 6 months prior to the procedure to assess EF.
An MRI or TEE can be performed in lieu of a TTE. Trans-
esophageal echocardiogram (TEE) is encouraged if the sub-
ject has a history of intra-cardiac thrombus or if there is a
history of atrial fibrillation with a CHADS score > 1. A CT

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Patient is receiving a new ICD or CRT-D implant patient who has received the ICD/CRT-D within 90 days of enrollment can also be enrolled.

Patient who has a high risk of ICD shock as shown by documented MMVT by one or more of the following:

- Spontaneous MMVT

- Inducible MMVT during EP study,

- Inducible MMVT during NIPS study

*Inducible MMVT is defined as MMVT > 30 s or requiring electrical termination (antitachycardia pacing or cardioversion)

Patient has EF < 50% or right ventricular dysfunction

Patient has a cardiomyopathy with structural heart disease of any cause 18 years of age or older

Patient has been informed of the nature of the study and has agreed to its provisions and provided written informed consent approved by the
Institutional Review Board.

Exclusion criteria

Any history of debilitating stroke with neurologic deficit

ST elevation myocardial infarction or previous cardiac surgery within 60 days prior to enrollment

Patient is pregnant or nursing

Patient has chronic NYHA class IV heart failure

Patient has incessant VT necessitating immediate treatment

Patient has VT/ VF thought to be from channelopathies

Limited life expectancy (less than 1 year)

Patient has current class IV angina

Recent CABG or PCI (< 45 days)

Patient is currently participating in another investigational drug or device study

Patient is unable or unwilling to cooperate with the study procedures

Known presence of intra-cardiac thrombi

Prosthetic mitral or aortic valve or mitral or aortic valvular heart disease requiring immediate surgical intervention

Major contraindication to anticoagulation therapy or coagulation disorder

Left ventricular EF < 15%

Patient has had a previous ablation procedure for VT, excluding remote (> 3 months) outflow tract tachycardia

Patient has GFR < 30 mL/min/1. 73 m2

Patient has peripheral vascular disease that precludes left ventricular (LV) access

Patient is thought to have idiopathic outflow VT as only VT

Patient has a PVC or VT induced cardiomyopathy that is expected to resolve with ablation and will not require an ICD

Patient has reversible cause of VT

Patient does not meet criteria for ICD or CRT-D implantation

CABG coronary artery bypass grafting, CRT-D cardiac resynchronization therapy-defibrillator, EF ejection fraction, EP electrophysiological, GFR
glomerular filtration rate, ICD implantable cardioverter defibrillator, LV left ventricular,MMVTmonomorphic ventricular tachycardia,NIPS noninvasive
programmed stimulation study, PCI percutaneous coronary intervention, PVC premature ventricular complex, VF ventricular fibrillation, VT ventricular
tachycardia
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or MRI is encouraged within 3 months prior to ablation pro-
cedure to allow for anatomy fusion. 12-lead ECG within
6 months prior to the consent visit should be obtained.
Medical history and complete assessment of current medica-
tions, including anti-arrhythmic drugs and anticoagulation
will be collected.

3.1 Ablation procedure

All patients randomized to catheter ablation will undergo a
substrate-based strategy using the NAVX electroanatomic
3D mapping system (Ensite, Velocity or Precision, Abbott,
Lake Forest, IL, USA). Multi-electrode catheters such as a
duodecapolar multielecrode (Livewire 2-2-2 mm spacing)
are strongly encouraged to facilitate ultra-high-density map-
ping [18]. A minimum of 500 points is strongly encouraged
for each chamber mapped. Epicardial mapping will be per-
formed at the discretion of the treating physician but is en-
couraged for patients with arrhythmogenic right ventricular
cardiomyopathy (ARVC), nonischemic cardiomyopathy
(NICM), and those that do not demonstrate endocardial ab-
normalities. Scar will be defined as regions of low voltage <
1.5 mV with dense scar as < 0.5 mV [7].

Programmed stimulation is required before ablation proce-
dure with 2-cycle lengths (600 and 400 ms up to triple extra
stimuli down to ventricular effective refractory period or
200 ms). This may be performed through the implanted

ICD/CRT-D (NIPS). AVT is considered clinical if there is a
morphologic match by 12-lead ECG or intracardiac electro-
gram or has a similar tachycardia cycle length. LV stimulation
within scar is recommended if the patient is non-inducible
with right ventricular stimulation.

Irrigated ablation technology will be used for mapping and
ablation. The choice of the catheter is up to the discretion of
the physician performing the procedure. The ablation tech-
nique will be targeting of late and abnormal electrograms
within scar with prioritization of those with matching
pacemaps and multiple exit sites pacemaps [19, 20].
Deceleration zones with isochronal crowding should be
targeted by using an isochronal late activation timing display
[21]. Activation and entrainment mapping are encouraged if
induced VTs are hemodynamically stable. If time allows, ho-
mogenization is encouraged, where all other local abnormal
electrograms that demonstrate uncoupled activation are elim-
inated [22–24]. Substrate-based ablation strategy targeting ab-
normal regions of slow conduction can be performed in the
event of non-inducibility.

The acute procedural endpoint is non-inducibility of the
targeted clinical VTand elimination of abnormal electrograms
within scar. Programmed stimulation will be performed in the
same fashion as prior to ablation. Complete non-inducibility is
encouraged but not required.

An ablation procedure form shall be completed by the op-
erator, which includes patient demographics, number of VTs

Fig. 1 PAUSE-SCD study design. CRT-D, cardiac resynchronization therapy-defibrillator; EF, ejection fraction; ICD, implantable cardioverter defibril-
lator; MMVT, monomorphic ventricular tachycardia. A single asterisk indicates follow-up details that were described in the text
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induced and targeted, predominant strategy, number of VT
morphologies terminated during ablation, duration of radio-
frequency applications, hemodynamic toleration during VT,
and scar location and size.

ICD/CRT-D programming Uniformity in protocol-mandated
programmed settings should be confirmed after the device is
enabled at the conclusion of ablation. Recommended settings
consist of a VF zone of 230 bpm (ATP during charging) and
VT zone of 185 or 10 bpm slower than the clinical VT (in-
duced or spontaneous). Longer detection requiring 30/40 in-
tervals with ATPx3 prior to shock therapy is recommended in
the VT zone.

3.2 Postoperative treatment and follow-up

It is recommended that all patients have overnight observation
after ablation. In patients that undergo epicardial ablation, an
echocardiogram should be performed in the following day.
Cardiac medications will be documented and tracked over
the duration of the study. All subjects with heart failure should
have their heart failure medications optimized including use of
beta blockers and ACE inhibitors. A consult with a heart fail-
ure specialist is encouraged especially for optimization of
drugs and for diuresis after ablation. Use of anti-arrhythmic
drugs post-ablation are at the discretion of the treating physi-
cian. Subjects who have significant LV endocardial ablation
and have LV dysfunction should receive anticoagulation for
4 weeks post-procedure.

Basic demographics and medical history will be collected
from subjects enrolled into the registry cohort who refused
ICD and randomization. Registry subjects will receive a
phone contact and follow-up with clinic visits at 3, 6, 12, 18,
and 24 months to check on their overall status. The follow-up
schema and schedule are shown in Table 2.

4 Study endpoints

The primary endpoint is defined as freedom from recurrent
VT, cardiovascular rehospitalization, and all-cause mortality
through a period of 2 years after the procedure (ablation) or
randomization (standard medical therapy). Recurrent VT is
defined as any appropriate ICD therapy (shock or ATP) or
documented sustained monomorphic VT > 30 s.
Cardiovascular rehospitalization is defined as a hospital ad-
mission after the randomized procedure for heart failure,
procedure-associated complication, or arrhythmia-related
causes during the follow-up period.

Pre-specified secondary endpoints include each of the in-
dividual components of the primary endpoint. Comparison of
the ablation-only registry with the randomized patients will
serve as an additional secondary outcome measure. Pre-

specified subgroup analysis will be performed for patients
with RV cardiomyopathy.

5 Statistical analysis

Based on 2-year event rates from the SMASH VT (33% con-
trol arm) [9], VTACH (71% control arm) [10] and the AVID
(> 60%) study [25]; a 50% reduction in events from ablation is
projected with a 50% event rate in the control arm at 2 years.
One hundred twenty patients are required to achieve 80%
power to detect a true difference of this magnitude with a
two-sided alpha error of 0.05. The primary endpoint is a triple
composite that includes cardiovascular rehospitalization and
death, which will increase event rates at an estimated 10%/
year, individually [6, 8, 26, 27].

The primary endpoint analysis will be a time to event anal-
ysis and account for censored observations for all randomized
subjects. Intention to treat analysis will be used for this end-
point; the analysis will be Banalyzed as randomized^ regard-
less of the actual treatment patients receive during the follow-
up period. Kaplan-Meier estimates of the primary endpoint
and overall survival will be generated along with 95% confi-
dence intervals for the median time to event or death [28].
Log-rank test will be used to compare the hazard functions
between the two groups. Cox regression models will be fit to
assess and adjust for baseline covariates. The median time to
ICD shock as well as the 95% confidence intervals will be
reported for both groups. The event free-survival probability
as well as the 95% confidence intervals at average 24-month
follow-up for both groups will be presented. Adverse events
will be tabulated by type and level of severity and compared
between groups using chi-square or Fisher exact tests.

Interim analyses will be generated by the coordinating cen-
ter annually after all sites are activated. A Peto-Haybittle effi-
cacy monitoring boundary will be used: if the p value for the
difference between groups is < 0.001, early stopping of the
trial will be considered. Using this monitoring bound, the p
value for statistical significance at the final analysis will re-
main at the nominal 0.05 level.

5.1 Study organization and status

We anticipate enrollment of 120 patients at 10–12 institutions
with extensive experience in complex ablation procedures. As
a conservative estimate, enrollment will occur over a 2–3-year
period after all sites are activated. Each participating site will
initiate and obtain approval for participation in the study in
accordance with their local IRB. Each participating site is
responsible for the conduct of the study. Protocol deviations
should be tracked and managed by each site, and reported
according to the site’s IRB/EC policies. At the completion of
the trial, all patient-level data, including protocol deviation
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should be reported to the study coordinating site at the
University of Chicago. The study coordinating site will pro-
vide each site with standardized template CRFs to assist with
data collection. Data recorded on CRFs must be verifiable by
source documentation at the research center such as procedure
reports, progress notes, discharge summaries, medication
logs, and laboratory reports. Each site is responsible for its
own data monitoring and all patient-level data will be reported
to the study coordinating site from each participating center at
the completion of the trial.

Significant adverse events must be reported to the study
sponsor within 24 h in the event of death and 48 h for serious
adverse events defined as deteriorations in health that life-
threatening, result in permanent impairment, or require surgi-
cal intervention to prevent permanent impairment.
Unanticipated adverse device effects which are life-
threatening should be reported to the coordinating center with-
in 24 h, and at the latest 10 days.

Submission to clinicaltrials.gov from the study-
coordinating site was filed on July 26, 2016 and official reg-
istration was first posted July 28, 2016. The first patient was
randomized on 11/30/15 and a total of 22 patients were ran-
domized at the individual sites prior to registration.
Submission to clinicaltrials.gov registration was delayed
inadvertently due to institutional relocation of the principal
investigator and the need for additional clarification of the
role of US coordinating center for a trial conducted
exclusively in Asia. During this 7-month period, the study

sponsor did not receive any patient-level data regarding pro-
cedural information, outcomes, or clinical follow-up.

6 Discussion

PAUSE-SCD is the first prospective, multi-center, and ran-
domized controlled VT ablation trial in Asia. It represents
unprecedented collaboration between specialized centers in
China, Taiwan, Japan, and Korea and is the first VT ablation
trial designed to include patients with nonischemic etiologies.
Additionally, prior ablation trials were not performed using
multi-electrode catheters with epicardial mapping encouraged
in the trial design [29]. As ICD therapy has incomplete pene-
tration across Asia, a prospective cohort examining the natural
history of patients undergoing VTablation as primary therapy
that refuse ICD implantation holds promise to provide impor-
tant insights into the relative efficacy for prevention of SCD
between catheter ablation and ICD.

ICD therapy remains the most effective abortive strategy
for sudden death due to ventricular arrhythmias. The recent
DANISH trial demonstrated that data from post-infarction
studies may not be generalizable to the patients with
nonischemic etiologies of cardiomyopathy, where the relative
efficacy of ICD was not demonstrated [30]. However, patients
that receive ICD shocks and therapies are at increased risk for
mortality. Whether the association between ICD shocks and
subsequent mortality reflects VTas a surrogate marker of end-

Table 2 Follow-up schedule
Study activity Baseline Procedure 3 m 6 m 12 m 18 m 24 m Unscheduled

Informed consent x

Demographics x

Inclusion/exclusion x

Medical history x

AAD/medications x X x x x x x x

TTE x x x x

CT/MRI x

12-lead ECG x

Randomization x

ICD/CRT-D implant X

Ablation procedure X

ICD/CRT-D Interrogation X x x x x x x

Adverse events

Death/withdrawal

Protocol Deviations

Registry subject x x x x x x x

AAD anti-arrhythmic drug, CRT-D cardiac resynchronization therapy-defibrillator, CT computed tomography,
ECG electrocardiogram, ICD implantable cardioverter defibrillator,MRImagnetic resonance imaging, TTE trans-
thoracic echocardiography. Registry subjects do not have any ICD for interrogation during scheduled clinical
follow-ups
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stage heart failure or highlights the deleterious effects of elec-
trical shocks on myocardial function remains unknown. The
recurrence of VT after ablation has been shown to portend a
seven-fold risk for transplant and mortality in the largest ret-
rospective multi-center collaborative study to date [8].
Randomized prospective trials are necessary and PAUSE-
SCD presents an important opportunity to advance the current
scientific and clinical understanding of the management of
patients at risk for SCD.

7 Conclusion

The PAUSE-SCD catheter ablation trial is a prospective,
multi-center, randomized, and controlled clinical trial that will
examine the impact of preemptive catheter ablation on cardio-
vascular outcomes in patients with an indication for ICD at
risk for recurrent VT and SCD. It represents the first multi-
center VT ablation study in Asia, with a design intended to
provide insights into the role of both ICD and ablation therapy
in a predominantly nonischemic population.
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