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Abstract

The production and distribution of the HeartWare ventricular assist device has come to an abrupt end, but with this end
comes the opportunity to reflect upon lessons learned from its lifespan. Running counter to the standard of
evidence-based practice, the era of the HeartWare ventricular assist device was marred with fragmented data in relation to
its primary counterpart, the HeartMate III. This created an incomplete understanding of devices, limited individualized patient
care, and effectively positioned providers to make inferences regarding device superiority. We briefly review pertinent litera-
ture on this topic among the most commonly implanted durable devices from the era, detail the inherent limitations of this
data, and argue the necessity of randomized clinical trials among novel devices towards the optimization of patient care.
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Heart failure remains a substantial source of global morbidity
and mortality for which durable left ventricular assist devices
(LVADs) offer an opportunity to improve survival among
patients who fail to respond to optimal therapy. The
HeartWare ventricular assist device (HVAD), HeartMate II
(HM2), and HeartMate III (HM3) have been the most
commonly implanted LVADs worldwide in recent years prior
to the cessation of HVAD manufacturing; however, the data
guiding clinical decision-making regarding superiority among
these devices were fragmented at best. We briefly review
pertinent literature on this topic, detail the inherent limita-
tions of this data, and discuss the lessons learned from this
era in advocacy of the need for randomized clinical trials.

The ENDURANCE trial demonstrated the HVAD was
non-inferior to the HM2 with respect to survival free from
disabling stroke or device removal for failure or malfunction.1

A final report of the MOMENTUM 3 trial demonstrated supe-
riority of the HM3 over the HM2 with regards to survival free
of disabling stroke or reoperation for device malfunction.2 An
inference was therefore often made that the HM3 was
superior to HVAD despite a lack of prospective randomized
trials comparing the HVAD and HM3 LVADs. Further compli-
cating this inference were advancements made from 2010

to 2012, the enrolment period of the ENDURANCE trial. It
has been demonstrated that following the introduction of
sintered titanium microspheres on the HVAD inflow cannula
in 2011, together with proper anticoagulation and blood
pressure management, has led to a reduction in HVAD throm-
bosis and need for HVAD exchanges.3 Poorly controlled blood
pressure was the strongest predictor of haemorrhagic CVA in
original trials leading to the FDA approval for the HVAD as a
bridge-to-transplant,4 and this has been further demon-
strated in the post-hoc analysis of the ENDURANCE trial,1

which noted a 34% reduction in CVA risk among HVAD pa-
tients with a mean arterial pressure less than 90 mmHg com-
pared with those with mean arterial pressure greater than
90 mmHg. This draws into question whether these technical
and medical advancements, had they been available through-
out enrolment periods, would have contributed to alternative
conclusions drawn from these device trials.

Further complicating the body of evidence among LVADs is
the ENDURANCE supplemental trial that employed intensive
blood pressure management protocols yet still failed to
demonstrate non-inferiority of HVAD to HM2 for the
primary end point of incident transient ischemic attack over
12 months or stroke with residual deficit 24 weeks
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post-event.5 However, the same trial demonstrated that
HVAD was superior to HM2 for secondary outcomes of the
composite endpoint of survival free from disabling stroke
and need for device exchange, urgent transplantation, or
death.5 Mahr et al. demonstrated that after a cross-trial anal-
ysis of HVAD patients from the ENDURANCE supplemental
and ADVANCE Bridge to Transplant Continued Access Proto-
col when compared with clinically similar HM3 patients from
the MOMENTUM 3 trial, HM3 patients failed to show any
significant difference of overall neurological events occurring
at 6 months or 2 years.6 Additionally, in a retrospective anal-
ysis after a propensity score matching of 79 patients in each
arm of HVAD and HM3 cohorts, comparable survival at
30 months and freedom from CVA were noted.7 More re-
cently, observational data of 2964 centrifugal LVADs from
the Intermacs registry demonstrated higher survival and free-
dom from major adverse events including gastrointestinal
bleeding, stroke, and infection among fully magnetically levi-
tated centrifugal devices as compared with hybrid-levitated
centrifugal devices.8

The primary literature evaluating safety and outcomes
among the most commonly implanted LVADs in recent years
is effectively a mosaic of piecemealed data, which led to a
lack of consensus regarding LVAD superiority. This was due
to a multitude of factors, including heterogeneous patient
populations in primary trials, inconsistent adverse event def-
initions, and irregular event reporting metrics among trials.

Variability of these factors alone has been demonstrated to
show inconsistent neurologic outcomes within the same
device.9 Additionally, a lack of long-term follow-up data given
a relatively nascent and continually evolving field and the ne-
cessity of open label study designs further contribute to sub-
optimal comparisons between devices; however, perhaps the
primary limitation is the lack of a well-designed randomized
clinical trial. We therefore utilize this moment to reflect upon
the era and specifically what knowledge could have been
gained from a randomized trial between centrifugal devices.
History has taught us that such a prospective randomized trial
between two different devices is feasible as demonstrated in
the landmark ENDURANCE trial.1 A similar trial design
between the HVAD and the HM3 is highlighted in Figure 1,
and details with regards to patient characteristics, manage-
ment protocols, and definitions according to INTERMACS of
each adverse event category are summarized in Table 1. We
reflect upon this hypothetical trial to highlight the level of
detail in design and control necessary to derive meaningful
data to drive evidence-based patient care. It highlights that
any single device may not reign supreme in all potential
adverse events post-implantation and a clear understanding
of outcomes in every category must therefore be sought to
individualize patient care and optimize outcomes.

The state of data among LVADs in the HVAD era was
fragmented at best. This positioned providers to effectively
make inferences regarding device superiority, and the

Figure 1 HVAD vs. HM3 trial design. BTT, bridge to transplant; DT, destination therapy; HM3, HeartMate3; HVAD, HeartWare ventricular assist device;
LVAD, Left ventricular assist device.
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potential implications were vast. Given lifetime estimated
costs for an LVAD implanted patient of over $500 000,10

and post-implant complications impacting patient quality of
life, survival, and quality adjusted life years, we must strive
to fully understand the devices we choose for patients. We
recognize the intrinsic challenges such a trial represents to
compare devices, particularly with regards to the continuous
evolution of technology in a growing field; however, we argue
the necessity of such a trial given the magnitude of potential

implications in its continued absence. The HM3 and HVAD
will surely not be the last durable circulatory support devices
on the market as the investigative device Evaheart, for in-
stance, is on the horizon. As we reflect upon the end of the
HVAD era, we must not settle for inference-based medicine,
and rather strive to fully understand the devices we choose
for patients. This is a level of understanding that can only
come by way of detailed and well-designed clinical trials
among durable circulatory support devices.
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Table 1 Trial eligibility criteria, interventions, and outcome measures

Patient selection
Inclusion criteria Destination therapy and bridge to transplant
Exclusion criteria eGFR < 30

Active malignancy within 5 years
Expected lifespan < 1 year
Cirrhosis
History of known coagulopathy
History mechanical mitral valve
History of haemophilia or unspecified bleeding diathesis
requiring alteration of target INR

Standardization protocol
Hemocompatibility
Anti-coagulative therapy HVAD: target INR 2.0–3.0 with aspirin 162–325

HM3: target INR 2.0–3.0 with aspirin 81–325
Surgical technique Per implanting surgeon

Right ventricular failure
Medical therapy Optimized per guidelines
Ramp study Performed post-implant prior to discharge of index hospitalization

Sheer stress
Aortic valve At discretion of care team
Lavare cycle At discretion of care team
Aortic pressure (obtained

with Doppler)
HVAD: SBP < 130, DBP < 85 in pulsatile patients, MAP < 80 in non-pulsatile

HM3: SBP < 130, DBP < 85 in pulsatile patients, MAP < 80 in non-pulsatile
Short and long term outcomes

Primary outcomes Composite of death, disabling stroke, and reoperation to replace or remove
malfunctioning device

Secondary outcomes Ischemic stroke
Haemorrhagic stroke
Disabling stroke: modified Rankin > 3
Replacement or explantation of malfunctioning device
Death
Right sided heart failure
Renal failure
ICU length of stay
Gastrointestinal bleeding
Non-gastrointestinal bleeding
Sepsis
Driveline exit site infection
Cardiac arrhythmias
Readmission
Kansas City Cardiomyopathy Questionnaire
Other serious adverse event not otherwise specified

DBP, diastolic blood pressure; HM3, Heartmate III; HVAD, HeartWare ventricular assist device; INR, international normalized ratio; MAP,
mean arterial blood pressure; SBP, systolic blood pressure.
Blood pressure goals in pulsatile and non-pulsatile patients based upon 2013 International Society for Heart and Lung Transplantation
consensus guidelines.11

Dominant LVAD 5553

ESC Heart Failure 2021; 8: 5551–5554
DOI: 10.1002/ehf2.13565



Silvestry SC, Cogswell R, John R,
Bhimaraj A, Bruckner BA, Lowes BD,
Um JY, Jeevanandam V, Sayer G, Mangi
AA, Molina EJ, Sheikh F, Aaronson K,
Pagani F, Cotts WG, Tatooles AJ, Babu
A, Chomsky D, Katz JN, Tessmann PB,
Dean D, Krishnamoorthy A, Chuang J,
Topuria I, Sood P, Goldstein DJ. A fully
magnetically levitated left ventricular
assist device—final report. N Engl J
Med 2019; 380: 1618–1627.

3. Najjar SS, Slaughter MS, Pagani FD,
Starling RC, McGee EC, Eckman P,
Tatooles AJ, Moazami N, Kormos RL,
Hathaway DR, Najarian KB, Bhat G,
Aaronson KD, Boyce SW. An analysis of
pump thrombus events in patients in
the HeartWare ADVANCE bridge to
transplant and continued access proto-
col trial. J Heart Lung Transplant 2014;
33: 23–34.

4. Teuteberg JJ, Slaughter MS, Rogers JG,
McGee EC, Pagani FD, Gordon R, Rame
E, Acker M, Kormos RL, Salerno C,
Schleeter TP, Goldstein DJ, Shin J,
Starling RC, Wozniak T, Malik AS,
Silvestry S, Ewald GA, Jorde UP, Jorde
UP, Naka Y, Birks E, Najarian KB,
Hathaway DR, Aaronson KD. The HVAD
left ventricular assist device: risk factors
for neurological events and risk mitiga-
tion strategies. JACC Heart Fail 2015; 3:
818–828.

5. Milano CA, Rogers JG, Tatooles AJ, Bhat
G, Slaghter MS, Birks EJ, Mokadam NA,

Mahr C, Miller JS, Markham DW,
Javeenandam V, Uriel N, Aaronson KD,
Vassiliades TA, Pagani FD. HVAD: the
ENDURANCE supplemental trial. JACC
Heart Fail. 2018; 6: 792–802.

6. Mahr C, Thinh Pham D, Mokadam NA,
Silvestry SC, Cowger J, Kiernan MS,
D’alessandro DA, Coglianese EE, Faraz
Masood M, Kormos RL, Jacoski MV,
Teuteberg JJ. Interpreting neurologic
outcomes in a changing trial design
landscape: an analysis of HeartWare left
ventricular assist device using a hybrid
intention to treat population. ASAIO J
2019; 65: 293–296.

7. Schramm R, Zittermann A, Morshuis M,
Schoenbrodt M, von Roessing E, von
Dossow V, Koster A, Fox H,
Hakin-Meibodi K, Gummert JF. Compar-
ing short-term outcome after implanta-
tion of the HeartWare® HVAD® and
the Abbott® HeartMate 3® [published
online ahead of print, 2020 Mar 19].
ESC Heart Fail 2020; 7: 908–914.

8. Teuteberg J, Cleveland J, Cowger J,
Higgins RS, Goldstein DJ, Keebler M,
Kirklin JK, Myers SL, Salerno CT, Stehlik
J, Fernandez F, Badhwar V, Pagani FD,
Atluri P. The Society of Thoracic Sur-
geons Intermacs 2019 Annual Report:
the changing landscape of devices and
indications. Ann Thorac Surg 2020;
109: 649–660.

9. Li S, Beckman JA, Cheng R, Ibeh C,
Creutzfeldt CJ, Bjelkengren J,

Herrington J, Stempien-Otero A, Lin S,
Levy WC, Fishbein D, Koomalsingh KJ,
Zimpfer D, Slaughter MS, Aliseda A,
Tirschwell D, Mahr C. Comparison of
neurologic event rates among
HeartMate II, HeartMate 3, and HVAD.
ASAIO J 2020; 66: 620–624 PMID:
31609791.

10. Moreno S, Novielli N, Cooper N.
Cost-effectiveness of the implantable
HeartMate II left ventricular assist
device for patients awaiting heart
transplantation. JHLT 2012; 31:
450–458.

11. Feldman D, Pamboukian SV, Teuteberg
JJ, Birks E, Lietz K, Moore SA, Morgan
JA, Arabia F, Bauman ME, Buchholz
HW, Deng M, Dickstein ML,
El-Banayosy A, Elliot T, Goldstein DJ,
Grady KL, Jones K, Hryniewicz K, John
R, Kaan A, Kusne S, Loebe M,
Massicotte MP, Moazami N, Mohacsi P,
Mooney M, Nelson T, Pagani F, Perry
W, Potapov EV, Eduardo Rame J,
Russell SD, Sorensen EN, Sun B,
Strueber M, Mangi AA, Petty MG,
Rogers J, International Society for
Heart and Lung Transplantation. The
2013 International Society for Heart
and Lung Transplantation Guidelines
for mechanical circulatory support:
executive summary. J Heart Lung Trans-
plant 2013; 32: 157–187.

5554 A. Alam et al.

ESC Heart Failure 2021; 8: 5551–5554
DOI: 10.1002/ehf2.13565


