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1  |  INTRODUC TION

The	use	of	 left	 ventricular	 assist	 devices	 (LVAD)	 has	 continued	 to	
progress for patients with advanced heart failure, driven by im-
provements in symptoms, morbidity, quality of life, and mortality 
(Drakos et al., 2011; Mehra et al., 2017; Miller et al., 2007; Slaughter 
et al., 2009, 2011).	 The	 currently	 approved	 indications	 for	 LVAD	
implantation include advanced heart failure symptoms (New York 
Heart	Association	class	IIIB	or	IV)	refractory	to	optimal	medical	man-
agement	 in	 patients	who	 are	 deemed	 to	 be	 candidates	 for	 LVAD,	
either as bridge therapy while awaiting cardiac transplantation or 
as destination therapy for those who are not eligible for cardiac 
transplantation (Yancy et al., 2013).	It	is	estimated	that	the	number	
of	 potential	 recipients	 for	 LVAD	 support	 in	 the	 U.S.	 ranges	 from	
150,000	 to	250,000	 (Kirklin	et	al.,	2015).	 Improvements	 in	device	
design, hemocompatibility, and technology have resulted in survival 
rates	approaching	60%	in	the	current	generation	of	LVADs	(Mehra	
et al., 2022).	Several	 factors	continue	to	 limit	 the	benefit	of	LVAD	
support among patients with advanced heart failure. Due to their 
advanced	cardiomyopathies,	many	LVAD	recipients	have	ventricular	
tachyarrhythmias	 (VTAs),	 specifically	 ventricular	 tachycardia	 (VT)	
or	ventricular	fibrillation	(VF),	with	20%	to	50%	of	patients	having	
recurrent	VTA	or	new	VTA	after	 implant	 (Bedi	et	al.,	2007; Garan 

et al., 2013; Nakahara et al., 2013; Oswald et al., 2010; Raasch 
et al., 2012; Refaat et al., 2008; Ziv et al., 2005).

VTA	 is	 associated	 with	 worse	 outcomes.	 Published	 data	 from	
the	University	of	Rochester	(URMC)	show	that	28%	of	ambulatory	
LVAD	recipient	patients	experienced	post-	implant	VTAs.	At	the	end	
of	follow-	up,	the	observed	mortality	was	46%	for	patients	who	ex-
perienced	 VTAs	 versus	 19%	 for	 patients	 without	 VTAs	 (p < .001).	
This	corresponded	to	a	7.3-	fold	 increase	 in	all-	cause	mortality	risk	
(HR = 7.3,	p < .001)	based	on	multivariate	analysis	(Yoruk	et	al.,	2016).	
Therefore, it is imperative to identify and treat factors associated 
with	VTA	risk	 in	recipients	with	LVAD.	The	URMC	data	show	that	
the	most	powerful	predictor	of	VTA	post-	LVAD	implant	is	a	history	
of	VTA	at	any	time	prior	to	the	procedure	(Brenyo	et	al.,	2012).	 In	
multivariate	 analysis,	 a	 history	 of	VTA	was	 associated	with	 a	 2.8-	
fold	increase	in	the	risk	of	VTA	post-	LVAD	implant.	Similarly,	Moss	
et al. (2017)	 reported	 that	 VT	 recurrence	 after	 catheter	 ablation	
was	 associated	with	 increased	mortality	 after	 LVAD	 implantation.	
Notably,	the	association	between	a	history	of	VTA	and	subsequent	
arrhythmic	 risk	 is	 consistent	 for	 patients	 who	 did	 not	 experience	
VTA	in	the	years	preceding	the	implant	procedure.

These findings suggest that early intervention that modifies the 
arrhythmia substrate, such as effective ablation, prior to or at the 
time	of	LVAD	implantation	in	candidates	with	a	history	of	VTA	may	
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Abstract
Background: The	use	of	a	Left	Ventricular	Assist	Device	(LVAD)	in	patients	with	ad-
vanced heart failure refractory to optimal medical management has progressed stead-
ily	over	the	past	two	decades.	Data	have	demonstrated	reduced	LVAD	efficacy,	worse	
clinical	outcome,	and	higher	mortality	for	patients	who	experience	significant	ventric-
ular	tachyarrhythmia	(VTA).	We	hypothesize	that	a	novel	prophylactic	intra-	operative	
VTA	ablation	protocol	 at	 the	 time	of	LVAD	 implantation	may	 reduce	 the	 recurrent	
VTA	and	adverse	events	postimplant.
Methods: We	designed	a	prospective,	multicenter,	open-	label,	randomized-	controlled	
clinical	trial	enrolling	100	patients	who	are	LVAD	candidates	with	a	history	of	VTA	in	
the	previous	5 years.	Enrolled	patients	will	be	randomized	 in	a	1:1	fashion	to	 intra-	
operative	 VTA	 ablation	 (n = 50)	 versus	 conventional	 medical	 management	 (n = 50)	
with	 LVAD	 implant.	Arrhythmia	outcomes	data	will	 be	 captured	by	 an	 implantable	
cardioverter	defibrillator	(ICD)	to	monitor	VTA	events,	with	a	uniform	ICD	program-
ming	protocol.	Patients	will	be	followed	prospectively	over	a	mean	of	18 months	(with	
a	minimum	of	9 months)	after	LVAD	implantation	to	evaluate	recurrent	VTA,	adverse	
events, and procedural outcomes. Secondary endpoints include right heart function/
hemodynamics,	healthcare	utilization,	and	quality	of	life.
Conclusion: The	primary	aim	of	this	first-	ever	randomized	trial	is	to	assess	the	efficacy	
of	intra-	operative	ablation	during	LVAD	surgery	in	reducing	VTA	recurrence	and	im-
proving	clinical	outcomes	for	patients	with	a	history	of	VTA.
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reduce	VTA	burden	and	improve	clinical	outcomes	following	LVAD	
implantation. This is especially important since primary prevention 
implantable	 cardioverter	 defibrillators	 (ICDs)	 were	 not	 shown	 to	
improve	outcomes	in	recipients	with	LVAD	(Garan	et	al.,	2013; Lee 
et al., 2015)	 and	may	 also	be	 associated	with	 an	 increased	 risk	of	
infection.

As	a	history	of	VT	is	the	most	powerful	predictor	of	post-	LVAD	
implant	VTA,	we	hypothesize	that	a	preventive	strategy	of	intra-
operative	VT	ablation	at	the	time	of	LVAD	implant	may	lead	to	a	
significant	 reduction	 of	 post-	implant	VTA.	At	 present,	 there	 are	
no prospective data on the role of ablation in the prevention of 
post-	implant	 VTA	 in	 candidates	 with	 high-	risk	 LVAD.	 In	 a	 study	
of	 36	 patients	 at	 two	 centers,	 high-	density	 intra-	operative	 epi-
cardial	voltage	mapping	during	LVAD	implantation	was	shown	to	
be	 safe	and	efficient,	 requiring	a	median	of	only	12 min	 to	char-
acterize	 potentially	 arrhythmogenic	 substrate.	 Patients	 who	 ex-
perienced	 post-	implant	 VTA	 had	 a	 significantly	 higher	 burden	
of	 epicardial	 low-	voltage	 areas	 (Moss	 et	 al.,	2018).	We	 recently	
published	 the	URMC	 experience	 in	 10	 patients	who	 underwent	
prophylactic	intra-	operative	VT	ablation	at	the	time	of	LVAD	im-
plant	 and	 their	 pre-	/post-	procedural	 outcomes.	 All	 patients	 had	
cardiomyopathy	and	an	 ICD.	The	mean	age	was	59.2 ± 11.1 years	
and	 3	 were	 women.	 INTERMCS	 profile	 ≤II	 was	 present	 in	 20%	
of patients. Using negative binominal regression, the number of 
events	per	10	patients	per	month	prior	versus	post-	LVAD	implant	
was 17 versus 1.6, respectively (p < .001)	(Tankut	et	al.,	2022).	No	
acute	 procedural-	related	 complications	 were	 reported.	 We	 be-
lieve these preliminary data support the feasibility and possible 
efficacy of our proposed approach.

In light of the promising preliminary data, plus the increasing 
utilization	 of	 LVAD	 in	 patients	with	 end-	stage	 heart	 failure,	 the	
timing	 is	appropriate	for	a	randomized	clinical	trial.	We	have	de-
signed	and	proposed	the	Prophylactic	Intra-	Operative	Ventricular	
Arrhythmia	 Ablation	 in	 High-	Risk	 LVAD	 Candidates	 (PIVATAL)	
Trial,	which	will	explore	the	safety	of	a	strategy	that	incorporates	
prophylactic	intra-	operative	VT	ablation	strategy	during	LVAD	im-
plant	for	the	reduction	of	post-	implant	VTA	recurrence	and	death	
from	any	cause	from	index	discharge	to	18 months	following	LVAD	
implantation.

2  |  METHODS

2.1  |  Objectives

The	primary	objective	of	the	PIVATAL	study	is	to	prospectively	eval-
uate	 the	effect	of	prophylactic	 intra-	operative	VTA	at	 the	 time	of	
LVAD	implantation	on	post-	implant	total	recurrent	VTA	events,	after	
accounting for the competing risk of death. The secondary objec-
tives of this trial are:

1. To evaluate the effect of a management strategy that in-
corporates	 intra-	operative	 VT	 ablation	 at	 the	 time	 of	 LVAD	

implantation on adverse events (comprising a composite of 
hospital	 readmissions,	 clinical	 RV	 failure,	 stroke,	 and	 death)	
following	 LVAD	 implantation.	 We	 will	 collect	 comprehensive	
post-	implant	 adverse	 event	 data	 over	 an	 average	 follow-	up	 of	
18 months.	 We	 hypothesize	 that	 the	 reduction	 in	 VTA	 burden	
associated with a prophylactic versus a conventional approach 
will translate into a corresponding reduction in adverse events, 
including right heart failure, hospital readmissions, stroke, and 
death.

2.	 To	 collect	 prospective	 data	 on	 peri-	procedural	 outcomes	 as-
sociated with the proposed novel approach of prophylactic 
intra-	operative	VT	ablation.	The	study	will	utilize	a	prespecified	
protocol	for	intra-	operative	VT	ablation	with	high-	risk	candidates	
with	a	history	of	VTA	(without	an	active	arrhythmia	such	as	VTA	
storm)	at	the	time	of	LVAD	implant.	We	will	collect	comprehen-
sive	peri-	procedural	data	and	post-	procedural	complications.	We	
hypothesize	that	a	strategy	that	incorporates	prophylactic	intra-	
operative	VT	ablation	at	 the	 time	of	LVAD	 implantation	will	 be	
associated	with	a	post-	operative	safety	profile	similar	to	conven-
tional medical management without prophylactic VT ablation.

In	 addition,	 we	 will	 also	 explore	 mechanisms	 associated	 with	
(a)	 recurrent	VTA	post-	LVAD	 implant	with	electrophysiology	stud-
ies.	For	patients	who	develop	recurrent	VTA,	and	those	eligible	for	
electrophysiology study and mapping, we will collect comprehensive 
data	 that	may	elucidate	 the	mechanisms	of	 recurrent	VTA;	 (b)	 the	
ramifications	of	 recurrent	VTA	on	 right	ventricular	hemodynamics	
post-	LVAD	 implant	with	echocardiographic	 ramp	studies	and	 right	
heart	 catheterization.	 All	 the	 patients	will	 undergo	 exercise	 ramp	
test including an echo at 6 months to assess whether the reduction 
in VT burden associated with prophylactic VT ablation translates 
into preservation in RV function and hemodynamics.

2.2  |  Study design

We	 propose	 a	 randomized	 multi-	center	 clinical	 trial	 that	 will	
evaluate	 the	 effect	 of	 prophylactic	 intra-	operative	 VT	 ablation	
in	 high-	risk	 LVAD	candidate	 patients	 on	VTA	 recurrence	 and	 ad-
verse	outcomes.	We	plan	to	enroll	100	candidates	with	LVAD	with	
advanced cardiomyopathy, prior to or intended ICD implant and 
history	of	VTA	from	15	experienced	medical	centers,	who	will	be	
randomized	in	a	1:1	ratio	to	prophylactic	intra-	operative	VT	ablation	
versus conventional medical management (Figure 1).	 These	 cent-
ers include the University of Pennsylvania, Vanderbilt University, 
University	of	Colorado	Denver,	University	of	Pittsburgh,	Ascension	
St. Vincent Indianapolis, Henry Ford Hospital, Spectrum/Corewell 
Health	 Grand	 Rapids,	 Piedmont	 Atlanta	 Hospital,	 University	 of	
California	San	Francisco,	Emory	University,	University	of	Arizona	
College	 of	 Medicine-		 Phoenix,	 Tufts	 Medical	 Center,	 Cleveland	
Clinic,	 University	 of	 California	 Los	 Angeles,	 and	 University	 of	
Rochester. This study protocol has been approved by the URMC 
ethics committee and conducted in compliance with standard 
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institutional	operating	procedures.	All	the	patients	enrolled	in	the	
study will provide written informed consent.

2.3  |  Study population

The	PIVATAL	trial	will	enroll	100	candidates	with	LVAD	with	the	fol-
lowing eligibility.

2.3.1  |  Inclusion	criteria

1.	 Age > 18 years.
2.	 Presence	of	advanced	cardiomyopathy	 (of	all	 INTERMACS	clas-
sification)	and	eligible	 for	LVAD	 implant	per	 the	decision	of	 the	
Heart Failure clinical team.

3.	 Implanted	 cardioverter	 defibrillator	 (ICD)	 any	 time	 in	 past	with	
remote monitoring or planned to undergo ICD (or ICM as an alter-
native,	if	an	ICD	cannot	be	implanted	for	a	clinical	reason)	implant	
within	the	index	hospitalization	for	LVAD	implant.

4. History of treated or monitored sustained (i.e., >30 s	in	duration)	
VT	or	VF	episode	within	the	past	5 years.

2.3.2  |  Exclusion	criteria

1.	 Past	 successful	 VTA	 ablation	 without	 recurrent	 VTA	 prior	 to	
LVAD	 implant	 (Patients	who	 continue	 to	 experience	VTA	 post-	
ablation	 and	 pre-	LVAD	 implant	 qualify	 to	 be	 enrolled).

2. Participation in other clinical trials (observational registries are al-
lowed	with	approval).

3. Unable or unwilling to provide informed consent.

2.4  |  End points

The	 primary	 specific	 aim	 for	 PIVATAL	 is	 to	 evaluate	 the	 effect	 of	
prophylactic	 intra-	operative	VTA	ablation	at	 the	time	of	LVAD	im-
plantation	on	post-	implant	total	recurrent	VTA	events,	defined	as	an	
average	number	of	VTA	episodes	per	patient	per	year,	after	account-
ing for the competing risk of death (Table 1).	The	primary	endpoint	
of	recurrent	VTA	is	calculated	as	the	total	number	of	VTA	episodes	
(ICD-	treated	or	monitored	VT	episodes	>30 s	or	VF)	divided	by	the	
total	follow-	up	time	(in	years).

There are two secondary specific aims for the trial (Table 1).	
First, we will evaluate the effects of a management strategy that 
incorporates	intra-	operative	VT	ablation	at	the	time	of	LVAD	implan-
tation	 on	 adverse	 clinical	 outcomes	 following	 LVAD	 implantation.	
The endpoint for this will comprise a composite of hospital readmis-
sions, clinical right heart failure, stroke, and death. Second, we will 
collect	 prospective	 data	 on	 peri-	procedural	 outcomes	 associated	
with	 the	proposed	novel	 approach	of	 prophylactic	 intra-	operative	
VT ablation. The endpoints will include the duration of surgery and 
ablation,	rate	of	peri-	procedural	complications	and	length	of	stay	in	
the intensive care units.

We	 will	 also	 explore	 the	 mechanisms	 associated	 with:	 (a)	 re-
current	 VTA	 post-	LVAD	 implant	 with	 electrophysiology	 stud-
ies	 and	 (b)	 the	 ramifications	of	 recurrent	VTA	on	 right	 ventricular	

F I G U R E  1 Study	design	of	PIVATAL	trial.	*If	an	ICD	is	not	present	prior	to	LVAD	implant,	it	will	be	implanted	prior	to	hospital	discharge	
(an	ICM	is	an	alternative	if	an	ICD	cannot	be	implanted	prior	to	discharge	for	a	clinical	reason,	such	as	infection).
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hemodynamics	 post-	LVAD	 implant	 with	 echocardiographic	 ramp	
studies	and	right	heart	catheterization.	If	a	patient	receives	a	heart	
transplant	during	the	follow-	up	phase,	this	will	be	regarded	as	a	cen-
suring event, i.e., regarded as the patient will be withdrawn from the 
study and all data on subsequent outcomes, including arrhythmias 
will	not	be	collected.	Transplants	are	expected	to	be	rare.

2.5  |  Study procedures

2.5.1  |  Recruitment

Each site participating in the study will develop and implement re-
cruitment methods that are appropriate to their institutional policies 
and guidelines, along with consideration for the rights and welfare 
of human subject research. The study staff will identify potential 
subjects who meet inclusion criteria by reviewing patient databases, 
electronic medical records, inpatient admissions, and daily clinic ap-
pointments. The enrolling site investigator and/or study coordinator 
will then approach the potential subject at the clinical inpatient or 
outpatient encounter to introduce and gauge interest about partici-
pating in the study after confirming that the potential subject has an 
interest	in	learning	more	about	the	PIVATAL	study	with	the	treating	
physician.	The	enrolling	site	study	team	will	then	explain	the	details	
of study participation and if the potential subject is interested in 
continuing the informed consent process.

2.5.2  |  Consent

The study, including the details of the clinical equipoise posed by the 
study intent and design along with the potential benefits and risks 
will be discussed with the patient. The patient will be required to 
sign	a	consent	for	participation	in	PIVATAL.

2.5.3  |  Randomization

After	 signing	 consent,	 all	 the	 subjects	 will	 undergo	 randomiza-
tion	 and	 study-	related	 procedures	 participating	 patients	 will	 be	

randomized	from	all	of	the	enrolling	centers	and	randomization	will	
be	1:1	 to	 either	 an	 intervention	 arm,	 consisting	of	 intra-	operative	
VTA	ablation	vs.	a	control	arm.

2.6  |  Allocation

In	the	PIVATAL	study,	for	each	of	the	15	potential	enrolling	sites,	
treatment/control strings using 10 blocks with 4 subjects per 
block were created to try and ensure a balanced allocation for 
enrolling	 centers	with	 smaller	 enrollment	 numbers.	 SAS'	 PLAN	
procedure	 was	 utilized	 for	 this	 process	 and	 is	 widely	 used	 for	
randomization	 designs	 for	 factorial	 experiments	 including	 ran-
domized	 allocation	 of	 treatment	 levels.	 The	 treatment	 strings	
were incorporated in the TrialMaster software and a treatment 
assignment specific to each enrolling is delivered to them in an 
automated	 fashion	 when	 a	 subject's	 enrolling	 information	 is	
entered.

2.6.1  |  Baseline	evaluation

Potential	PIVATAL	patients	will	be	screened	for	eligibility	at	the	time	
of evaluation for advanced heart failure therapy. Comprehensive 
data on arrhythmia history, past medical history and medication his-
tory	will	 be	 collected	 in	 all	 subjects.	 For	 those	 patients	with	 pre-	
existing	 ICD,	 a	 full	 interrogation	 of	 the	 arrhythmia	 device	will	 be	
performed	 and	 specific	VTA	 events	 recorded.	 For	 patients	with	 a	
history	of	VTA	within	5 years	with	existing	or	planned	ICD	and	a	de-
cision	 to	proceed	with	LVAD	 implant,	 they	will	be	approached	 for	
enrollment and consent.

All	 the	 consented	 subjects	 will	 be	 eligible	 for	 implantation	 of	
LVAD	using	standard-	of-	care	procedures	and	indication	and	then	un-
dergo	randomization	to	intra-	operative	VT	ablation	versus	medical	
management.	All	LVADs	including	future	upgrades	that	are	utilized	
in	this	study	will	be	Food	and	Drug	Administration	(FDA)	approved	
and	used	per	the	current	FDA	indications.	The	clinical	research	team	
is	experienced	in	cardiovascular	trials	and	the	clinical	management	
of subjects with heart disease/heart failure and will be monitoring 
for any adverse effects.

TA B L E  1 Endpoints	and	endpoint	definitions.

Specific aims Endpoint Endpoint definition

Aim	1	(primary	endpoint) Recurrent	VTA •	 Total	VTA	events,	after	accounting	for	the	competing	risk	of	deatha

Aim	2 Adverse	events • Comprising a composite of hospital readmissions, clinical right heart 
failure, stroke, and death.

Aim	3 Procedural outcomes • Duration of surgery and ablation
•	 Rate	of	peri-	procedural	complications
• Length of stay in the ICU

Note:	Exploratory	outcomes	will	include:	(a)	Mechanisms	of	recurrent	VTA	post-	LVAD	implant	with	catheter-	based	electrophysiology	studies.	(b)	The	
ramifications	of	recurrent	VTA	on	right	ventricular	hemodynamics	and	function	post-	LVAD	implant	with	echocardiographic	ramp	studies	and	right	
heart	catheterization.
aDefined	as	an	average	number	of	VTA	episodes	per	patient	per	year:	Calculated	as	the	total	number	of	VTA	episodes	(ICD-	treated	or	monitored	VT	
episodes > 30 s	or	VF)	divided	by	the	total	follow-	up	time	(in	years).
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2.6.2  |  ICD	therapy	programming

To	ensure	uniformity	in	the	detection	and	capture	of	VTA	data,	the	
programming	of	 ICD/CRT-	D	devices	 for	 therapy	 should	be	guided	
by	pre-	established	protocols.	Table 2	specifies	the	detection	zones	
and	therapy	programming	 for	 randomized	subjects,	based	on	with	
or	 without	 prior	 history	 of	 VTA,	 before	 and	 after	 LVAD	 implant.	
As	 advocated	 in	 the	 recently	 published	AHA	 Scientific	 Statement	
on	Arrhythmia	Management	 in	LVAD	Recipients,	a	high	heart	 rate	
for	VF	detection	of	250 bpm	will	 be	programmed	 (Gopinathannair	
et al., 2019).	A	zone	for	VT	detection	of	at	least	10 bpm	below	clinical	
VT	should	be	mandated	in	subjects	who	experience	VTA	events	at	
any time during the study in order to ensure a uniform surveillance 
capture	of	VTA	events.	Therapy	programming	of	ICD	should	be	left	
up to the discretion of the clinicians with the caveat that if a patient 
experiences	symptomatic	VTA	with	hypoperfusion,	worsened	heart	
failure, or reduction in pump flow and cardiac output, ICD therapy 
for VT should be turned on. Pacing parameters should be maintained 
as	 previously	 programmed	 before	 LVAD	 implant.	 Post-	LVAD,	 pac-
ing	in	non-	CRT	devices	should	be	minimized	unless	subjects	develop	
bradycardic heart rates <30 bpm	consistently.	In	CRT	devices,	biven-
tricular pacing will be per clinician discretion. Throughout the study, 
all changes in ICD programming will be recorded.

2.6.3  |  Antiarrhythmic	medical	regimen

Upon	 randomization,	 the	medical	 therapy	 for	each	 subject	will	 be	
reviewed and documented. For subjects who are already on medi-
cal	 antiarrhythmic	 therapy	 (AAD),	 these	 should	 be	 continued	 as	
prescribed	pre-	LVAD	implant.	All	efforts	should	be	made	to	ensure	
that	beta-	blocker	use	is	compliant.	Following	randomization	and	the	
surgical	LVAD	procedures,	subjects	will	be	monitored	per	protocol.

Intervention arm
The	planned	surgical	VTA	ablation	at	the	time	of	LVAD	implant	will	
be based on electrophysiologic and anatomic data on the arrhythmic 
substrate	as	described	below.	We	will	collect	comprehensive	peri-	
procedural and electroanatomic data along with ablation details.

Surgical VTA ablation at the time of LVAD implant. For surgical 
intra-	operative	ablation,	efforts	will	be	made	 to	 identify	scarred	
myocardium based on cardiac magnetic resonance imaging, 
nuclear scans, and/or echocardiogram. Mapping and ablation 
will	be	performed	at	the	time	of	LVAD	surgery	with	the	currently	
approved and updated mapping and ablation systems available 
at each center. If a prior electrophysiological study and mapping 
have previously been performed, i.e., any prior catheter mapping 
and ablation procedure, the details may be incorporated to 
supplement	 the	 intra-	operative	 mapping	 data.	 Ventricular	
scars will be delineated through electroanatomic mapping 
(voltage < 1.5 mV).	 Activation	 and	 entrainment	 mapping	 may	 be	
performed during VT to allow more precise VT circuit and critical 
isthmus	identification.	If	a	pre-	operative	electrophysiology	study	
and catheter mapping have been performed, the data will be 
incorporated.	 An	 ablation	 strategy	 will	 be	 formulated	 and	 may	
be	 modified	 based	 on	 visualization	 during	 surgical	 exposure	 to	
modify	and/or	circumscribe	the	scars.	Ablation	may	be	carried	out	
by	radiofrequency	or	cryotherapy	at	the	operator's	discretion.	The	
specific substrate scar modification method (i.e., late potential/
LAVA	 abolition,	 de	 channeling,	 circumscribing,	 intersecting	
lesions,	deceleration	zone,	etc.)	chosen	for	substrate	ablation	will	
be performed based on physician discretion. The target locations 
for	 ablation,	 intra-	operative	 mapping,	 scar	 location	 by	 imaging	
or	 direct	 visualization	 during	 LVAD	 implant,	 will	 be	 recorded.	
For	 surgical	 ablation,	we	will	 evaluate	 the	 short-	term	 success	 as	
defined	by	the	recurrence	of	VTA	within	30 days	after	surgery.	The	

ICD programming post- LVAD

No further VTA Further VTA

VT	monitor	zone 150 bpm 150 bpm	or	per	clinician	discretionb

VT	zone	rate 188–	220 bpm 170	bpm	or	≥10	bpm	below	clinical	VTA

VT	zone	delay Maximal	delayc Maximal	delayc

VF	zone	rate >250 bpm >250 bpm

VF delay Maximal	delayc Maximal	delayc

ATP	therapy On	for	all	zones	(≥1	attempt) On	for	all	zones	(≥1	attempt)

Shock energy Maximum	for	all	shocks Per clinician discretion

Discrimination 
algorithms

On On

aIn	patients	with	an	ICM	monitoring	will	be	identical	to	ICD	programming	(150 bpm).
bIf	the	patient	has	documented	VTA	slower	than	150 bpm,	the	provider	may	choose	to	program	
detection	rate	per	individualized	clinical	needs.
cIf	the	patient	has	a	symptomatic	or	hemodynamic	compromise	with	VTA	after	LVAD,	delays	can	be	
programmed per clinician discretion.

TA B L E  2 Prespecified	ICD	
programming protocol.a
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feasibility and safety of this procedure will be assessed through 
tracking	of	peri-	operative	parameters.

Medical management in the intervention arm: Subjects who un-
dergo	intra-	operative	VTA	ablation	and	have	been	on	a	stable	regi-
men of antiarrhythmic medical therapy, these should be continued. 
Otherwise,	 these	 subjects	 should	 remain	 on	 beta-	blocker	 therapy	
post-	LVAD	implant.

Control arm
To	ensure	uniformity	 in	 control	 arm,	 a	 standardized	AAD	 regimen	
is	 recommended	among	subjects	 randomized	 to	 the	medical	man-
agement	control	arm	for	VTA	recurrences	following	LVAD	implant.	
There is no stipulation for the use of amiodarone or other antiar-
rhythmics in the control arm. For subjects who are already on a sta-
ble	AAD	regimen,	 such	as	amiodarone,	 sotalol	or	dofetilide,	 these	
are allowed to be continued.

Intervention arm
Post- implant VTA recurrence in both arms. In cases of recurrences, 
we	have	devised	a	uniform	AAD	regimen	(Table 3 and Figure 2)	to	
allow	escalation	of	AAD	therapy	for	subjects	in	both	the	control	and	
intervention	 arms.	 If	 there	may	 be	 recurrence	 of	 VTA	 post-	LVAD	
implant and once the clinical decision is made to initiate medical 
antiarrhythmics, amiodarone, either intravenous or oral, will be 
administered. If a subject is not a candidate for amiodarone therapy, 
sotalol,	or	quinidine	can	be	used.	If	subjects	are	experiencing	recurrent	
VTA	despite	amiodarone	or	 sotalol	 regimen,	 intravenous	 lidocaine	
can	be	added.	For	VTA	refractory	to	amiodarone	or	sotalol	therapy,	
mexiletine	 can	 be	 added.	 If	 subjects	 are	 deemed	 inappropriate	
for	 mexiletine	 or	 the	 other	 antiarrhythmic	 combination	 therapy,	
ranolazine	with	its	action	on	inhibition	of	late	inward	sodium	channel	
current may be considered as an adjunctive oral therapy. Patients 
who prove to be refractory to medical antiarrhythmic control should 
undergo	a	catheter-	based	electrophysiology	study	and	ablation	on	
LVAD	support.	Throughout	the	study,	all	changes	including	interim	
changes in antiarrhythmic medical therapy will be recorded during 
the scheduled visits.

Catheter electrophysiology study and VTA ablation for patients with 
recurrent VTA in both arms. Eligible subjects who develop recurrent 
VTA	 after	 LVAD	 not	 responsive	 to	 medical	 antiarrhythmics	 may	
undergo	 catheter-	based	 electrophysiology	 study,	 mapping	 and	
ablation in the Cardiac Electrophysiology Laboratory. This will be 
performed	as	a	further	treatment	strategy	to	control	recurrent	VTA	
resistant to medical therapy and is not considered as a crossover of 
treatment arms in the study. Due to technical issues with mapping 
and ablation, there often is a higher threshold, i.e., multiple recurrent 
VTA	 events	 taking	 place	 prior	 to	 proceeding	 with	 catheter-	based	
electrophysiology	 procedures	 post-	LVAD	 implant.	 The	 suggested	
criteria	 for	post-	LVAD	 implant	VTA	EP	study	and	ablation	 include:	
repeated	 VTA	 not	 responsive	 to	 medical	 therapy,	 VTA	 episodes	
associated with hemodynamic compromise, and/or RV dysfunction. 
The	 decision	 to	 proceed	with	 post-	LVAD	 electrophysiology	 study	

and ablation is per the judgment and discretion of the treating 
clinician.	 If	 performed,	 voltage	 mapping	 of	 the	 ventricle(s)	 to	
delineate scars will be carried out through electroanatomic mapping. 
As	 subjects	 are	 supported	 by	 LVAD	 during	 VTA,	 activation	 and	
entrainment mapping may be performed during VT to establish 
precise	mechanisms	(reentry	vs.	focal),	and	locations	of	VT	circuits	
and	any	critical	 isthmus.	Acute	success	will	be	defined	as	the	non-	
inducibility of any monomorphic VT with programmed stimulation 
of	a	basic	drive	train	and	up	to	three	extra	stimuli	from	at	least	one	
ventricular site. We believe detailed electrophysiologic data from 
cardiac mapping will further elucidate the mechanisms of recurrent 
VTA	post-	LVAD	implant.

2.6.4  |  Follow-	up	in	both	arms

Following	LVAD	implantation	office	visits	will	be	scheduled	as	part	
of standard clinical care every three months, during which data on 
VTA	events,	 ICD	therapy,	medication	lists,	and	adverse	events	will	
be collected (Table 4).	 All	 subjects	will	 have	 ICD	devices	with	 re-
mote interrogation capabilities enabled, which will be interrogated 
for	 any	 potential	 arrhythmic	 events,	 treated	 and	monitored,	 at	 3-	
month intervals. Plus, ICD data will be collected with every subject 
report of ICD therapy, as well as clinic visits, adverse events, emer-
gency	 room	 visits,	 and	 hospitalization,	 planned	 or	 unplanned.	 All	
the	 ICD	data	 and	 therapy	will	 be	 adjudicated	by	 the	Adjudication	
Committee. Enrolled patients will be followed for an average dura-
tion	of	18 months	with	a	minimum	of	9 months.

Ramp testing with an echocardiogram will be performed at 
6 months	per	standard	of	care	at	the	enrolling	centers.	At	6 months	
a	follow-	up	QoL	assessment	will	also	be	collected	using	the	Kansas	
City	Cardiopulmonary	Questionnaire	12.	Data	regarding	deaths	will	
be reported based on information from enrolling sites obtained by 
study coordinators at the respective clinics. We will also collect de-
tailed	data	on	post-	LVAD	 implant	VTA	ablation	procedures	when-
ever applicable.

2.7  |  Statistical analysis

Our	sample	size	justification	is	based	on	having	sufficient	statistical	
power	to	detect	an	effect	on	the	intensity	of	recurrent	VTA	(primary	
endpoint)	between	subjects	randomized	to	the	intervention	arm	of	
undergoing	prophylactic	intra-	operative	VT	ablation	(n = 50)	versus	
randomized	to	the	control	arm	of	medical	management	(n = 50).	We	
used	Cook's	 (1995)	 (Lin	et	al.,	2000)	method	for	designing	a	study	
with recurrent events; for study design purposes, competing death 
events are regarded as censored at the time of death.

The	SMASH–	VT	(Reddy	et	al.,	2007)	did	not	evaluate	VTA	bur-
den as an endpoint. However, the study did show that VT ablation 
in	subjects	with	a	history	of	VT	is	associated	with	a	65%	reduction	
(hazard	 ratio	 in	 the	ablation	group,	0.35;	95%	confidence	 interval,	
0.15	to	0.78,	p = .007)	 in	the	occurrence	of	a	first	appropriate	 ICD	



8 of 13  |     HUANG et al.

therapy	 (anti-	tachycardia	pacing	or	 shocks).	Accordingly,	 based	on	
SMASH–	VT,	we	assume	a	more	conservative	effect	size	of	44%	re-
duction	(or	intensity	ratio	of	0.56	–		our	primary	hypothesis).	Using	a	
two-	sided	test	with	a	5%	Type	I	error	rate,	we	have	90%	statistical	
power	to	detect	an	intensity	ratio	of	0.56,	that	is,	a	44%	reduction	
in	VTA	intensity	from	3	events	per	year	to	1.7	events	per	year,	on	
average.	Note,	an	intensity	ratio	of	0.56	is	interpreted	as	a	44%	re-
duction	in	the	intensity	of	VTAs	from	3	events	per	year	to	1.8	events	
per year, on average, after accounting for a mortality rate of 10% at 

18 months	and	a	loss	to	follow-	up	rate	of	5%	(patients	will	be	cen-
sored	at	loss	to	follow-	up).	For	a	lower	effect	size	of	40%	reduction,	
we	have	85%	statistical	power	to	detect	an	 intensity	ratio	of	0.60	
from 3 events per year to 1.7 events per year.

For	the	weighted	composite	endpoint,	Cook's	method	can	also	
give us an idea of the power to detect reductions in the weighed 
composite endpoint. Under a constant weighting scheme, all ad-
verse events are regarded as equal and the weighed composite end-
point reduces to an ordinary recurrent event process. Thus, for this 

TA B L E  3 Prespecified antiarrhythmic medical regimen.

Antiarrhythmic	medication

Amiodarone Initiating regimen

150 mg	IV	bolus	over	10 min,	then	IV	infusion	of	0.5–	1 mg/min	for	24 h	or	longer	as	needed

For	refractory	VTA,	repeated	boluses	over	10 min	every	10	to	15 min	up	to	2.2 g	in	24 h

Maintenance Regimen

Oral	400–	1200 mg	a	day	for	7–	10 days	then	maintenance	dosing	of	200 mg	daily

Sotalol Regimen

80 mg	twic	a	day	and	titrate	upwards	as	needed	and	tolerated

Lidocaine Initiating Regimen

1	to	1.5 mg/kg	loading	with	0.5	to	0.75 mg/kg	repeated	every	5	to	10 min	as	needed

Maintenance Regimen

Continuous	IV	infusion	of	1	to	4 mg/min	may	be	used.

Mexilitine Regimen

150–	300 mg	every	8–	12 h	(may	load	with	400 mg	if	necessary)

Ranolazine Regimen

500	to	1000 mg	every	12 h

F I G U R E  2 Antiarrhythmic	medical	therapy	flow	chart	and	escalating	AAD	regimen	for	VTA	recurrences.
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specific	 choice	 of	weighting	 scheme,	we	 can	 expect	 roughly	 90%	
statistical power to detect a 44% reduction in the composite adverse 
event	process,	from	3	AEs	per	year	in	the	control	medical	manage-
ment arm to 1.7 events per year in the prophylactic ablation arm.

3  |  DISCUSSION

Even	though	patients	with	LVAD	can	often	tolerate	sustained	VTA	
and even VF without syncope or sudden death, the occurrence of 
VTA	is	associated	with	increased	complications	and	poor	outcomes	
(Bouchez	 et	 al.,	2016;	 Javed	 et	 al.,	2016; Naito et al., 2014; Patel 
et al., 2011).	VTA	may	be	associated	with	 reduced	LVAD	efficacy,	
right	heart	failure,	and	thromboembolic	events	(Kadado	et	al.,	2018).	
Data	on	the	association	between	VTA	and	mortality	are	conflicting,	
but	most	observational	studies	have	shown	that	VTA	post-	LVAD	is	
associated with a significantly higher mortality (Clerkin et al., 2017; 
Greet et al., 2018;	Kirklin	et	al.,	2015).	A	meta-	analysis	of	nine	retro-
spective observational studies comprising of 1179 patients consist-
ently	noted	an	association	of	post-	LVAD	implant	VTA	with	mortality	
and	demonstrated	that	pre-	LVAD	VTA	is	also	a	major	risk	factor	for	
mortality (Makki et al., 2015).

Despite the clinical importance of these arrhythmias, there are 
little	data	to	guide	the	treatment	of	post-	LVAD	implant	VTAs.	In	fact,	
the	recent	Scientific	Statement	from	the	American	Heart	Association	
concluded with no consensus on optimal strategies for medical man-
agement	or	procedural	interventions	in	patients	with	recurrent	VTA	
(Gopinathannair et al., 2019).	 Currently,	 antiarrhythmic	 medical	
therapy	with	amiodarone	is	widely	utilized	for	patients	who	develop	
VTA	post-	LVAD	implant.	However,	this	may	have	adverse	effects,	as	
retrospective	data	 suggest	 that	 long-	term	use	of	 amiodarone	pre-	
heart transplant is associated with an increased mortality (Cooper 
et al., 2017).	 Ablation	 therapy	 for	 recurrent	 VTA	 following	 LVAD	
implant has been reported in several small retrospective studies 
(Table 5)	(Asirvatham	et	al.,	2017; Cantillon et al., 2012; Dandamudi 
et al., 2007; Garan et al., 2014; Herweg et al., 2012; Hottigoudar 
et al., 2011; Moss et al., 2017; Sacher et al., 2015).	 These	 data	
were	 compiled	 from	centers	without	 uniform	pre-		 and	post-	LVAD	

arrhythmia	surveillance,	VTA	episode	definition,	ablation	strategies,	
or	 post-	ablation	 medical	 management.	 One	 of	 the	 largest	 single-	
center	experiences	included	only	21	patients	accumulated	over	a	20-	
year period using different ablation techniques, surgical techniques, 
and	generations	of	LVAD	(Cantillon	et	al.,	2012).	A	compiled	report	
included	34	patients	from	9	international	centers	utilizing	varied	ap-
proaches and techniques for the ablation (Sacher et al., 2015).	These	
reports	also	suggest	that	post-	LVAD	implant	VTA	ablation	 is	asso-
ciated	with	relatively	high-	acute	recurrence	rates	(Table 5),	and	the	
impact	of	ablation	on	long-	term	outcomes	is	uncertain.

A	 lack	of	prospective,	 randomized	data	on	 the	potential	bene-
fits	of	ablation	prior	 to	or	at	 the	time	of	LVAD	 implant	 in	patients	
with	 a	 history	of	VTA	has	 led	 to	disparate	 implementation	of	 this	
approach	 among	 clinicians,	 even	 though	 it	 is	well-	recognized	 that	
these	patients	are	at	high	risk	of	recurrent	VTA	post-	LVAD	implant	
and poor outcomes, including increased mortality. Some centers 
advocate ablation more aggressively, whereas others avoid ablation 
and lean on pharmacologic therapy and the hemodynamic benefit of 
an	unloaded	left	ventricle	to	improve	post-	LVAD	arrhythmic	issues.	
However, selected arrhythmia mapping data suggest that a major-
ity	of	the	VTA	that	occur	post-	LVAD	implant	are	due	to	arrhythmic	
substrate arising from the underlying cardiomyopathy and is unlikely 
to	be	altered	significantly	by	the	 implant	of	LVAD	alone	 (Cantillon	
et al., 2012; Sacher et al., 2015).	 The	 recent	 Scientific	 Statement	
from	 American	 Heart	 Association	 advocated	 that	 LVAD	 should	
not	be	considered	as	a	treatment	for	VTA	and	that	the	majority	of	
VTA	 results	 from	 the	 underlying	 substrate,	 not	 from	heart	 failure	
and the associated worsening hemodynamic status (Gopinathannair 
et al., 2019).	 At	 the	 same	 time,	 there	 are	 no	 agreed	 upon	 recom-
mendations	for	VTA	management	beyond	medical	therapy	due	to	a	
lack	of	well-	conducted	trial	data.	Thereby,	there	exists	an	ongoing	
clinical equipoise regarding the proper management plans for these 
high-	risk	patients.	 In	 light	of	 the	preliminary	data	 from	 small	 case	
series	suggesting	prophylactic	 intra-	operative	VTA	ablation	can	be	
successful	 in	this	patient	population,	plus	the	 increasing	utilization	
of	LVAD	 in	patients	with	end-	stage	heart	 failure,	 the	 timing	 is	ap-
propriate	 for	 a	 randomized	 clinical	 trial.	 The	 proposed	 study	 will	
explore	a	strategy	that	 incorporates	a	prophylactic	 intra-	operative	

TA B L E  5 Prior	reports	of	VT	ablation	in	LVAD	recipients.

N ICM, n (%) CF– LVAD, n (%) Follow- up, mo Recurrence, n (%)
Epicardial 
ablation, n

Dandamudi et al. (2007) 3 2	(66) 0	(0) 4– 12 1	(33) 0

Hottigoudar et al. (2011) 3 1	(33) 3 2– 10 2	(66) 0

Cantillon et al. (2012) 21 12	(57) NA 4.4 ± 3.3 7	(33) 0

Herweg et al. (2012) 6 4	(66) 4	(66) 7.5 ± 6.9 2	(33) 0

Garan et al. (2014) 7 5	(71) 7	(100) 5 ± 3.6 6	(86) 1

Sacher et al. (2015) 34 21	(62) 34	(100) 25 ± 15 5	(15) 0

Snipelisky et al. (2017) 6 2	(33) 6	(100) 6 5	(83) 1

Moss et al. (2017) 21 14	(66) 21	(100) 9 7	(33) 0
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VT	ablation	strategy	during	LVAD	implant	for	the	reduction	of	post-	
implant	VTA	recurrence	and	death	from	any	cause	from	index	dis-
charge	to	18 months	following	LVAD	implantation.

PIVATAL	 is	 the	 first	 randomized	 trial	 to	 test	 the	 clinical	 utility	
of	prophylactic	VT	ablation	therapy	in	patients	with	high-	risk	LVAD.	
We will prospectively evaluate acute success rates, safety, and effi-
cacy	of	a	novel	management	approach	of	prophylactic	VTA	ablation	
at	the	time	of	LVAD	implantation.	The	protocol	plans	to	enroll	100	
candidates	with	LVAD	with	advanced	cardiomyopathy,	a	history	of	
VTA	and	prior	or	intended	ICD	implant	from	15	experienced	medical	
centers	with	 clinical	 expertise	 in	 LVAD	 surgery	 and	VTA	 ablation.	
Patients	 will	 be	 randomized	 in	 a	 1:1	 ratio	 to	 prophylactic	 intra-	
operative VT ablation versus conventional medical management. 
We	hypothesize	 that	a	prophylactic	ablation	strategy	will	 result	 in	
a	significant	 reduction	 in	VTA	events	compared	with	conventional	
management and translate into a reduction in adverse events, in-
cluding hospital readmissions, clinical RV failure, stroke, and death. 
PIVATAL	has	the	potential	to	change	clinical	practice	and	lead	to	a	
paradigm change in the management of ventricular arrhythmias in 
the	growing	population	of	patients	with	LVAD.
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