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INTRODUCTION

Left ventricular assist devices (LVADs) are being increasingly used in the management
of patients with end-stage heart failure (HF).1 Initially introduced as temporary mechan-
ical circulatory support (MCS) devices for postcardiotomy failure, LVADs have now
emerged as a lead option to bridge patients to transplantation (BTT), supporting patients
for increasing lengths of time.2 The evolution of LVADs over the last 5 decades has seen
progression from pulsatile flow pumps to continuous flow devices, and within that cate-
gory from axial flow to centrifugal flow (Box 1). Currently, there are 3 devices used
commercially for the BTT indication, and 2 devices approved as destination therapy
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KEY POINTS

� Left ventricular assist devices (LVADs) are being increasingly used in patients with end-stage
heart failure, both as bridge to transplantation and as destination therapy.

� LVADs offer longer survival and improvements in quality of life in carefully selected patients,
but not without risk of adverse events and social burdens.

� LVAD therapy is expensive and associated with significant resource utilization.

� Technologic evolution will lessen adverse events and perhaps facilitate adoption of this
therapy in newer patient cohorts.

� Optimal cost-effective use of this expensive, risky therapy in heart failure will however
require availability of reliable risk stratification tools.
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(DT) devices for those patients with end-stage HF who are ineligible for heart transplan-
tation (HT) (Fig. 1). Bridge to decision (BTD) therapy allows LVADs to support patients
who are not currently qualified for HT but may become so in the future. Last, bridge to
recovery (BTR) therapy intends to provide extended hemodynamic support to allow pa-
tients time for myocardial recovery and eventual LVAD explant.
The current generation pumps offer several significant improvements in pump

design, size, and durability compared with first-generation devices. These innovations
have allowed for longer, event-free support options for patients with improved quality
of life. Current survival for patients implanted with a continuous flow LVAD (CF-LVAD)
is 81% at 1 year, which is similar to the survival of a United Network for Organ Sharing
(UNOS) status 2 patient on the HT waiting list, and 59% at 3 years (Tables 1 and 2).1,3

Patients report increased exercise capacity and improved quality of life while being
supported with durable LVADs. However, despite improvement in pump technology,
several LVAD recipients continue to face risk of morbidity and mortality caused by
bleeding, right HF, infections, pump thrombosis, neurologic events, and multiorgan
failure.4 These risks present several challenges and also opportunities for improve-
ment with further advances in technology. Improvements in the near future are
focused on improving clinical management strategies, introduction of pulsatility, use
of more biocompatible materials, and development of full implantable systems.

FOCUS ON EVOLVING INDICATIONS

Over the years, the landscape of candidates being considered for durable LVAD support
has evolved.2 As the number of patients with end-stage HF in the United States con-
tinues to increase, HT continues to be limited to about 2000 per year because of donor
availability constraints. Currently, there are more than 6 million people with HF in the
United States, of whom an estimated 500,000 patients have advanced HF. Half of the
HF population has preserved left ventricular ejection fraction (HFpEF) and are not

Box 1

Evolution of mechanical circulatory support in the United States

Decade Evolution of MCS

1960 � National Institutes of Health (NIH) forms Artificial Heart Program
� First implantable pneumatic LVAD by DeBakey

1970 � NIH proposal for long-term LVAD
1980 � First TAH use for permanent support (Jarvik-7)

� First LVAD use as BTT
1990 � US Food and Drug Administration (FDA) approves PF-LVAD (HeartMate XVE) for

BTT
2000 � FDA approves PF-LVAD (HeartMate XVE) for DT

� INTERMACS Registry established
� FDA approves CF-LVAD (HeartMate II) for BTT
� FDA approves Syncardia TAH for BTT

2010 � FDA approves CF-LVAD (axial flow-HeartMate II) for DT
� FDA approves CF-LVAD (centrifugal flow-HVAD) for BTT
� ROADMAP trial shows functional improvement in INTERMACS profiles 4–7 with

CF-LVAD
� FDA approves CF-LVAD (centrifugal flow-HVAD) for DT
� FDA approves CF-LVAD (centrifugal flow-HeartMate III) for BTT
� Remission from Stage D HF (RESTAGE HF) trial to determine if LVAD support can

result in sufficient improvement in ventricular function to facilitate device
explantation

Abbreviation: TAH, total artificial heart.
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