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Abstract

At any given moment, a small proportion of heart failure patients
have advanced heart failure that may also benefit from either heart
transplantation or mechanical circulatory support. Worldwide there
is a donor organ shortage therefore left ventricular assist devices
are often used as an alternative treatment for long term support
of advanced heart failure patients. Short term survival and quali-
ty of life is comparable between left ventricular assist devices and
heart transplantation however longer-term outcomes are better with
heart transplantation. This article will give the reader an overview of
LVAD’s and their current role in the management of advanced heart
failure patients.
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Introduction

It wasn’t until the 1980’s after the introduction of cyclosporine
as an immunosuppressant agent that Heart Transplantation (HTx) be-
came widely accepted. Prior to that outcomes were poor and HTx was
only carried out by a handful of centres. In Europe and North America
around 5000 HTx are carried out annually [1]. Despite this every year
many patients die waiting for an HTx. The main reason for this is
limited donor availability.

In 1994 the Texas Heart Institute published the world’s first ever
case of an advanced heart failure patient who was discharged from
hospital to lead a near normal life without a heart transplant [2]. Pa-
tient was supported at home by a pioneering battery powered artificial
heart pump known as a Left Ventricular Assist Device (LVAD). The
patient, a 33 year old engineer, was admitted with decompensation
of known dilated cardiomyopathy. He was inotrope and intra-aortic
balloon pump dependent. Weighing in greater than 90kg and blood
group O meant he had little chance of getting a HTx. Finally, patient
went on to die after 16 months of LVAD support, without ever getting
an HTX. Currently over 5000Mechanical Circulatory Support (MCS)
or Left Ventricular Assist Devices (LVAD) are implanted annually.
A lack of donor availability has meant that LVADs have satisfied the
great need for an alternative treatment option for patients in need of a
heart transplant.

In order to provide a broader understanding of the clinical context
of LVAD therapy a guide to the diagnosis of advanced heart failure will
be provided along with brief comparison to heart transplantation.

What is the difference between heart failure and advanced
heart failure?

Heart failure is defined as a syndrome with typical symptoms and
signs caused by an abnormality of the heart which leads to a reduced
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cardiac output and/or raised cardiac filling pressures [3]. This defini-
tion covers a wide range of patient phenotypes, from mildly symp-
tomatic patients with a good quality of life and prognosis to severely
symptomatic patients with a poor quality and limited life expectancy.
Dividing a heart failure cohort into those with and without advanced
heart failure helps to identify patients who may benefit from palliative
care, cardiac transplantation or mechanical circulatory support. In
clinical practice the term advanced heart failure is often also referred
to as “end stage” heart failure. An estimated 1-10% of the heart fail-
ure population have advanced heart failure [4-6]. Parameters which
should alert you to a diagnosis of advanced heart failure and trigger
a referral for heart transplant or mechanical circulatory support in-
clude:

 Inotrope dependence

« Presence of symptoms at rest or with minimal exertion and inabil-
ity to perform many activities of daily living

« Cardio pulmonary exercise test peak oxygen uptake (pMVO?)<
14mls/kg/min

o Six-Minute Walk Distance (6MWTD) < 300m
» Cardiac cachexia, low serum sodium (<130mmol/L)

o Raisedserum Brain Natriuretic Peptide (BNP)>400 pg/ml or
NT-proBNP>1600pg/L, or rising despite treatment

« Failing or intolerant of conventional heart failure therapy
« Rising diuretic requirements

 Uncontrolled arrythmia, frequent appropriate defibrillator (ICD)
shocks

+ Worsening renal function due to cardio renal syndrome

« Worsening liver function due to right heart failure despite optimal
medical therapy

+ Repeated hospitalization for heart failure requiring intravenous
diuretics.
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« Rising pulmonary pressures (pulmonary artery systolic pressure
> 50mmHg)

o Verylow Left Ventricular Ejection Fraction (LVEF) <30%
+ Cardiac index <2.0 L/min/m?

o Estimated 1-year mortality by the Seattle Heart Failure Model
(SHFM) of >20%

Who should I refer for transplant/ Mechanical Circulatory
Support (MCS) versus palliative care?

Timing of heart transplantation or MCS is crucial. Operating too
soon, means the patient takes an unnecessary risk of an operation
and is exposed to the long-term complications of transplantation and
MCS. Operating too late (i.e., renal failure, liver failure, respiratory
failure), substantially reduces the chances of surviving surgery. Tim-
ing of advanced heart failure surgery must also consider the duration
of time the recipient is expected to wait for a suitably matched donor
and the trajectory of the worsening heart failure [7]. Recipients who
are blood group O and those who weigh more than 90kg can expect to
wait longest. Several contraindications to transplant and mechanical
support exist, and such patients should be referred to palliative care or
if appropriate have care focused on reversing these contraindications.
Some patients have relative contraindications and the decision for ad-
vanced heart failure surgery may as a result be unclear. In the United
Kingdom (UK) all decisions to list patients for HTx or MCS are done
following multidisciplinary team discussion. A list of some contrain-
dications for HTx and MCS include:

o Heart transplant above the age of 70 years of age are seldom carried
out.

« Known cancer

o BMI >30kg/m?

« Diabetes with - Proliferative retinopathy, nephropathy, neuropa-
thy, HbAbA >7.5%

o Severe peripheral vascular disease

o Irreversible renal failure creatinine clearance <50ml/min, eGFR
<40ml/min

+ Active smoker

« Substance misuse (alcohol, recreational drugs)

« Cognitive impairment

« History of non-compliance

« Inadequate social support (housing, finance, family etc)
o Irreversible poor lung function

o Irreversible liver dysfunction

+ Recent pulmonary embolus

« Sepsis or uncontrolled infection

« Other conditions which impact quality of life and prognosis and
reduce the ability of the recipient to benefit from HTx or MCS
(e.g., severe arthritis and multi system auto immune diseases)

Survival and complications post Heart Transplant

Around a 170 adult heart transplants are carried out in the UK
annually. Median survival post heart transplant is 11 years [1]. Those
who survive the first year of transplant have a median survival of 14
years [1]. The main limitations to achieving longer median surviv-
al is due to the accrual of several transplant related complications.

In the early post op period graft failure, infection and rejection are
the commonest cause of death. Beyond 5 years graft failure, transplant
coronary artery disease, malignancy and renal failure are the common
causes of death. Nearly a quarter of patients will develop severe renal
dysfunction by 10 years and nearly half will develop transplant related
coronary artery disease by 10 years [1].

What is a Left Ventricular Assist Device (LVAD)?

A LVAD is a mechanical heart pump. Having it requires open heart
surgery. Current modern day LVADs are small enough to fit into the
palm of your hand. One end of the LVAD pump is attached to the left
ventricle of the heart whilst the other end of the LVAD is connected
to the aorta. The LVAD works by sucking blood from the left ventricle
and then pumping it into the aorta and rest of the body. The LVAD
assists the heart while the heart continues to beat. The two work to-
gether to provide an adequate circulation for the patient to be able to
live longer and live a better quality of life out of hospital. To keep the
LVAD working continuously, the LVAD is connected to a cable within
the body at one end and to a controller and a power source, outside
the body, at the other end. A power source can either be a standard
household electrical socket or (if travelling in a car) the cigarette light-
er socket in the car. The cable, called a driveline, comes out of the body
at the site of the abdomen. The controller monitors the function of the
LVAD and the battery power level. The controller will alarm to warn
the patient if there is a problem with the LVAD that needs to be fixed.
An additional battery is always connected to the controller, so if one
battery runs down, there is another to power the LVAD for several
more hours. LVAD patients must be anticoagulated with warfarin to
prevent device related thrombosis. Use of novel oral anticoagulants
instead of warfarin has been associated with worse outcomes (Figure

1).

Left ventricle

Controller

Figure 1: Centrifugal LVAD schematic [8].

Why some patients are selected for LVAD vs. Heart trans-
plant?

There are several possible reasons why patients are recommended
a LVAD and not a heart transplant [9].

1. The transplant team may feel that the risk of deterioration and dy-
ing while waiting for a donor heart is too great when compared to
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having a LVAD sooner. Unlike with heart transplantation the date
for LVAD surgery can be planned.

2. Some patients are not able to have a HTx because the risk of heart
transplantation is too great. For example patients with pulmonary
hypertension (Pulmonary artery systolic pressure >60mmHg,
transpulmonary gradient >15, pulmonary vascular resistance >3)
or patients with severe kidney disease (eGFR< 40ml/min/1.73m?)
or liver failure(cirrhosis, raised bilirubin and transaminase lev-
els).In each case the transplant team may feel that bridging to a
transplant by having a LVAD first is less risky. The idea is that the
LVAD restores the circulation to normal and will allow the patient
to rehabilitate to a fitter state i.e., the kidney failure and pulmo-
nary hypertension resolves in readiness for a HTx later. Having a
LVAD first with a view to transplantation later is termed “LVAD as
a bridge therapy to transplantation”

3. Some patients may not be suitable for transplant due to the pres-
ence of irreversible contraindications. Such patients may still
have the potential to benefit from a LVAD both from a survival
and quality of life perspective. LVAD therapy with the intention
of living out your life without consideration for transplantation is
known as “destination therapy”.

In the UK LVAD:s are currently only funded by the national health
service for use as bridge to transplantation [10]. Although recom-
mended by the National Institute of Clinical Excellence, destination
therapy is not funded by the UK NHS because of concerns related to
the cost effectiveness of this strategy [11,12].

How has LVAD technology evolved?

First generation LVADs (Heart Mate vented electric device (HM
VE), Thoratec, Pleasanton, California)were large and cumbersome
which restricted its use to larger patients [13]. It contained multiple
moving parts and was prone to malfunction and complications such
as bleeding, infection and thrombosis. It was designed to mimic the
natural pumping action of the heart and produced pulsatile flow (pul-
satile flow LVAD). The HeartMate II LVAD (HM II) and the Heart-
ware LVAD (H-VAD) are 2™ and 3™ generation LVADs respectively
[13,14]. Both these devices pump blood continuously during systole
and diastole (continuous flow LVADs). They are smaller with a single
moving part and are consequently more durable, less noisy and easier
to implant. Since 2006 over 13 000 continuous flow LVADs have been
implanted worldwide and currently approximately 50% of HTx are
transplanted from a LVAD [15].

LVAD trial data and registry evidence

REMATCH, 2001, a Destination therapy trial: advanced HF pa-
tients ineligible for HTx were randomised to receive the HeartMate
XVE LVAD (n=68) or optimal medical therapy (n=61). Survival at
1 year was significantly better in the LVAD group 52% versus 25%
(p=0.002). Ultimately, this trial led to the approval of the Heartmate
XVE as DT in 2003 [12].

HM II DT trial, 2009: advanced HF patients ineligible for HTx
were randomised in a 2:1 ratio to the continuous flow HMII LVAD
(n=134) or the HeartMate XVE LVAD (n=66). Patients with the con-
tinuous flow HMII device had improved survival at 2 years (58% ver-
sus 24%, p=0.008). The rates of major adverse events were significantly
reduced in the group with a continuous-flow left ventricular assist de-
vice. In 80% of patients with a continuous-flow left ventricular assist
device the functional status also improved to NYHA functional class

T or IT at 24 months post LVAD surgery. Based on this trial the HM II
LVAD was approved for DT in USA in 2010 [13].

ADVANCE-BTT trial, 2012: Compared 140 Heartware-VAD pa-
tients (who were eligible for HTx but were believed to be too unwell to
survive without a LVAD) to 499 patients pooled from the Interagen-
cy Registry for Mechanically Assisted Circulatory Support (INTER-
MACS registry) who mainly received the HM II LVAD. Survival at 360
days was no different between the two groups (H-VAD 86% versus
control group 85%, p=0.61) [ 14].

MOMENTUM III, 2019: Randomised controlled trial comparing
516 HM III patients to 512 HM II patients, from 69 centres across
the USA. The actualevent-free survival at 2 years (primary end point)
in the intention-to-treat population were 74.7% in the HM III group
and 60.6% in the HM II group (p<0.001). Overall survival at 2 years
follow-up was similar in the 2 groups HM III 79% versus 76.7% in
the HM II group. The stroke (1.4% versus 19.4%, p<0.001), bleeding
(43.7% versus 55%, P<0.001) and pump thrombosis (1.4% versus
13.9%, P<0.001) rates were less in the HM III group. The longer term
5-year outcome data is yet to be published [16].

Real life registry data from the International Mechanically Assisted
Circulatory Support (IMACS) registry and the mainly North Ameri-
can based Interagency Registry for Mechanically Assisted Circulatory
Support (INTERMACS), suggests the contemporary survival follow-
ing the implantation of a continuous flow LVADs is 80% at 1 year, 70%
at 2 years and 60% at 3 years [17,18]. Although the 2-year survival
nowadays is comparable to that of HTX, long-term survival is ham-
pered by frequent device related complications (Figure 2).

Two year survival of advanced heart failure patients treated with various LVADs
compared to optimal medical therapy
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Figure 2: Two year survival of advanced heart failure patients treated with various
LVADs compared to optimal medical therapy. (OMM-optimal medical management,
HM I XVE-HeartMate I XVE LVAD, HM II- HeartMate II LVAD, INTERMACS-In-
teragency Registry for Mechanically Assisted Circulatory Support, H-VAD-Heartware
LVAD, DT-destination therapy).

LVAD quality of life and complications

When surveyed up to 80% of LVAD patients report a favourable
impression of their LVAD during their first 2 years. An improvement
in quality of life is seen as early as 3 months post LVAD and is main-
tained out to at least 2 years post LVAD surgery. Approximately 80%
of patients are in NYHA class I or II following implant. On average pa-
tients can walk over 200m further on a six-minute walk test following
their LVAD [18].

LVAD related complications are not that infrequent. Approximate-
ly 20% of patients can expect to have a stroke by 2 years. Pump relat-
ed infections occur in 20% of patients by 2 years. Just under 90% of
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