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ABSTRACT

Background: We report the first successfully implantation of a left ventricular assist device as destination therapy using fully mag-
netically centrifugal continuous-flow device HeartMate 3™ (Abbott) in Argentina. The device was implanted in a 52-year-old female
patient with left ventricular noncompaction with severe left ventricular dysfunction, pulmonary hypertension, advanced heart
failure INTERMACS profile 3 and contraindication for heart transplantation due to high titers of preformed antibodies against the
HLA system with crossmatch in Panel Reactive Antibody.
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RESUMEN

Se presenta el primer implante exitoso de asistencia ventricular izquierda como terapia de destino mediante el dispositivo de flujo
continuo centrifugo con levitacién magnética intracorpéreo HeartMate 3™ (Abbott) en la Argentina. El dispositivo se implant6 en
una paciente de 52 afos portadora de miocardio no compacto con disfuncién ventricular izquierda grave, hipertensiéon pulmonar,
insuficiencia cardiaca avanzada en estadio INTERMACS 3 y contraindicacién para trasplante cardiaco debido a titulos elevados de

anticuerpos preformados contra el sistema HLA en crossmatch contra panel.

Palabras claves: Insuficiencia cardiaca —Corazén auxiliar — Disfuncién ventricular izquierda

INTRODUCTION

Over the past decade, treatment of heart failure (HF)
with reduced ejection fraction has experienced con-
tinued advances. (1,2) Nevertheless, some patients
will progress to advanced stages of the disease and
other therapeutic options should be considered. Heart
transplantation (HTx) is still the treatment of choice
in our environment. However, the increased number
of HF patients (> 26 million worldwide), the shortage
of donors (4,000 donors/year worldwide in average)
and certain contraindications, generated the need to
look for other alternatives. (3,4) Mechanical circula-
tory support devices (MCSDs) are a safe and efficient
option in a broad spectrum of clinical situations. Since
2003, these devices have been used to provide circula-
tory support as permanent destination therapy when
HTx cannot be considered. (5)

We report the first implantation of a HeartMate
3™ (HM3, Abbott Laboratories) left ventricular assist
device (LVAD) as destination therapy in Argentina.

CASE REPORT

The patient was a 52-year-old woman with a histo-
ry of left ventricular noncompaction and severe left
ventricular dysfunction. She did not present cardio-
vascular risk factors and had a history of two vagi-
nal deliveries, mixed anxiety and depressive disorder
(ICD-10 F41.2) followed-up by psychopathologist, and
cardiac device-related infective endocarditis (cardiac
resynchronization therapy device (CRTD). The pa-
tient evolved with progression to functional class III-
IV, hospitalizations for acute decompensated heart
failure (ADHF) and decline on quality of life. In June
2019 she underwent evaluation for HTx: weight 46
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kg, height 1.68 m, body mass index 16.4 kg/m?, body
surface area 1.5 m?.

On color-Doppler echocardiography the left ventri-
cle was severely dilated, with eccentric hypertrophy
and high degree of trabeculated myocardium (trabec-
ulated to compact myocardium ratio >2:1). Left ven-
tricular ejection fraction 18%. Global hypokinesia. Se-
vere dilation of both atria. Mild right ventricular (RV)
dilation (45 mm in 4-chamber view) with mild RV dys-
function (S-wave with TDI at the level of the tricuspid
annulus 10 cm/s, fractional area change 0.33). Mild to
moderate mitral regurgitation with mitral valve tent-
ing. Mild to moderate tricuspid regurgitation (TR)
with RV systolic pressure (SP) of 64 mmHg and dilat-
ed (23 mm) inferior vena cava (IVC) with absence of
inspiratory collapse. Coronary angiography: absence
of significant lesions in the coronary arteries.

Right heart catheterization under inotropic sup-
port with milrinone 0. 5 mcg/kg/min showed the fol-
lowing data: heart rate: (HR) 78 bpm, mean blood
pressure (MBP) 70 mmHg, pulmonary artery systolic
pressure (PASP) 43 mmHg, pulmonary artery diastol-
ic pressure (PADP) 19 mmHg, and mean pulmonary
artery pressure (MPAP) 27 mmHg; pulmonary capil-
lary wedge pressure (PCWP) 17 mmHg and right atri-
al pressure (RAP) 7 mmHg; cardiac output (CO) 3.2
L/min, cardiac index (CI) 2.1 L/m/m?, systemic vascu-
lar resistance (SVR) 1575 dyne.s.cm®, and pulmonary
vascular resistance (PVR) 280 dyne.s.cm® (3.5 Wood
Units), with transpulmonary pressure gradient (TPG)
10 mmHg. Serology tests for HIV, viral hepatitis B and
C and Chagas' disease were negative.

The presence of preformed antibodies against the
HLA system was detected: PRA (panel reactive anti-
body) Class I antibodies of 90% and Class II antibodies
of 97%, complement-fixing antibodies detected by C1q
assay with high immunofluorescence index (IMF). De-
sensitization therapy was initiated with intravenous
immune globuline (IvIg) and rituximab (MabTher-
aTM). The PRA was repeated without significant
changes. Due to the lack of response to desensitiza-
tion therapy and considering that HTx is associated
with high short- and mid-term morbidity and mortal-
ity, destination therapy with LVAD was decided. The
patient evolved with progressive clinical impairment;
multiple organ failure was controlled with maximal
doses of inotropic agents, high doses of loop diuretics,
hypertonic saline and sequential tubular blockade due
to refractory congestion. Color-Doppler echocardiog-
raphy showed RV dilation (basal diameter 53.5 mm)
moderate to severe RV dysfunction (S-wave with TDI
at the level of the tricuspid annulus 13 cm/s, fractional
area change 0.20), and mild to moderate mitral re-
gurgitation. Severe tricuspid regurgitation (TR) with
maximal velocity 2.5 m/s, RVSP 40 mmHg, dilated (30
mm) IVC with absence of inspiratory collapse.

A new right heart catheterization was performed:
HR 114 bpm, MBP 81 mmHg, PASP 42 mmHg, PADP
20 mmHg, MPAP 29 mmHg, PCWP 15 mmHg, RAP

12 mmHg; CO 4.24 L/min, CI 2.77 L/m/m?, SVR 1301
dyne.s.cm®, PVR 266 dyne.s.cm® (3.3 WU), TPG 10
mmHg. An intra-aortic balloon pump was implanted
but had to be removed 72 hours later due to catheter-
related infection and an image suggestive of intracavi-
tary vegetation adhered to a cardiac device. The CRTD
was explanted and intravenous antibiotic therapy was
initiated. With negative cultures and after signing the
informed consent form, we scheduled implantation of
a LVAD as destination therapy.

On December 11, 2019, HeartMate 3 Left Ventric-
ular Assist System (St. Jude Medical Inc., Pleasanton,
California), a fully magnetically levitated centrifugal
continuous-flow left ventricular assist device was im-
planted. This device includes Full MagLev Flow Tech-
nology designed to enhance hemocompatibility by
minimizing shear force effects on blood components
and by incorporating an optimized blood—biomaterial
interface. The internal surfaces are textured with ti-
tanium microspheres to reduce thrombogenicity. The
device consists of a fully levitated rotor with intrinsic
pulsatility through a speed change every 2 seconds to
reduce blood stasis and minimize the thrombogenic
effect. The pump operates at rotor speed in the range
of 3,000 to 9,000 rpm, and the maximum flow rate
is 10 L/min. The pump motor receives power from
a pair of 14V lithium-ion batteries or external AC
power sources. A cable that is tunneled and external-
ized through the abdominal wall (modular cable or
driveline) connects the pump power with the control
system (driver) and the external batteries to transmit
data and energy. Compared with HeartMate IITM
(HM IITM), this device is designed for intrathoracic
and intrapericardial placement, has longer power ef-
ficiency, the software is incorporated in the pump and
blood flow is calculated according to the hematocrit.

The device was implanted through median ster-
notomy, with the heart beating, using temporary car-
diopulmonary bypass and blood-sparing techniques.
HMS3™ consists of an inflow cannula that is intro-
duced into the left ventricle through the apex which
is sutured to a sewing ring in the epicardial surface
of the apex of the LV and provides support for the
pump. The myocardium inside the sewing ring is re-
moved using a circular knife. Obstructing trabeculae
are resected to achieve a free inflow into the pump.
The cannula connected to the body of the pump is in-
troduced and positioned within the pericardial space.
The body of the pump continues with the outflow can-
nula, which is attached to a Dacron vascular graft that
is anastomosed to the ascending aorta. The driveline
is tunneled and exteriorized through the abdominal
wall and connected to the control system. De Vega an-
nuloplasty was performed since the patients present-
ed severe RV dysfunction and tricuspid regurgitation,
with intermediate to high RV failure risk scores. Once
the outflow graft and pump were de-aired, cardiopul-
monary bypass flow was decreased, and the pump was
turned on at 3000 rpm. Ramped speed tests were per-
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Fig. 1. Implant and program-
ming of HM3 LVAD as desti-
nation therapy

B
m

A. Operating table showing the control system and driveline of the HM3TM device (Abbott) and the basin
to immerse the pump in sterile saline prior to start-up. B. Left ventricular assist device or fully magnetically
levitated pump HM3™ (Abbott) before implantation. This design allows unidirectional flow between the
inflow cannula and outflow cannula, minimizing shear force effects through a magnetic field with highly ef-
ficient energy. C. Dacron graft connecting the outflow cannula to the ascending thoracic aorta. D. The sewing
ring sutured in the left ventricular apex will be connected to the inflow cannula of the pump. E. Chest-X ray
after implantation showing the different components of the device. F. Initial programming of long-term left

ventricular assist device.

formed to determine adequate speed setting. Hemo-
dynamic monitoring was performed with pulmonary
artery catheter and central venous oxygen saturation
(Figure 1). Inotropic support and infusion of nitric
oxide for RV support were continued for the first 48
h, without the need for mechanical support. The pa-
tient was weaned from mechanical ventilation at 72
h, remained in the intermediate care unit for 16 days,
and was discharged from hospital 30 days after im-
plantation. Anticoagulation and antiplatelet therapy
were established according to the indications of the
manufacturer and hematologists, and to evidence-
based medical recommendations. On discharge, the
patient was in NYHA FC II, receiving optimal medical
treatment for LV systolic dysfunction according to in-
ternational guidelines. Treatment with sildenafil was
continued, with a progressive decrease in the dose.
Cardiac rehabilitation and supervised nutrition pro-
gram were indicated.

During hospital stay, an experienced surgeon and
nurse provided by the manufacturer were in charge
of training and counseling the patient, her family and
the medical team for a total of 20 hours about battery
replacement, care of the equipment, proper sterile
dressing changes at the driveline exit site and man-
agement of emergency situations. Before discharge,
the patient was authorized to leave hospital for short

periods of time under medical supervision to confirm
her level of confidence and comfort with the system.
The patient and her family demonstrated full auton-
omy and safety. A home visit was made to supervise
the electrical installations, assess the general safety
conditions of the house, ensure the safety of electric-
ity supply and survey alternative charging sites in the
community. During training, absolute contraindica-
tions for immersion in water and for undergoing nu-
clear magnetic resonance imaging tests were empha-
sized. She was instructed to use a special kit to protect
the equipment from water during daily hygiene.
Emergency department physicians were trained for
the initial management of the possible complications.

Since she has been discharged, regular follow-up
visits are performed to evaluate the presence of HF
and possible bleeding, check for alarms or alerts,
verify pulsatility index, amperage, revolutions per
minute, cardiac output, and detect suction events.
Follow-up visits include coagulation tests, examina-
tion of the exit site of the driveline to rule out associ-
ated infection; determination of mean blood pressure
by Doppler ultrasound; electrocardiogram, laboratory
tests with lactate dehydrogenase levels and Doppler
echocardiography to optimize device parameters. Six
months after implantation, the patient was asymp-
tomatic and self-sufficient in daily life activities. She
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was involved in a cardiovascular rehabilitation pro-
gram. Her nutritional profile and mood improved
significantly, and she had adequate levels of antico-
agulation. A 6-minute walk test (EMWT) with pulse
oximetry while breathing room air resulted in 480 me-
ters walked, with a score of 0 in the Borg scale.

DISCUSSION

In the management of patients with advanced HF re-
fractory to medical treatment and electrophysiological
devices (1-3), HTx remains the most effective treat-
ment for improving both quality of life and long-term
survival (mean conditional survival 14.8 years). (6)
Nevertheless, other options must be offered when
HTx cannot be indicated or its latency requires pro-
viding the patient with a period of stability. (4)

The development of MCSDs was technologically
sophisticated, and they are now positioned as a safe
tool, capable of providing hemodynamic support that
allows time to improve the clinical status as a bridge
to HTx or bridge to decision or candidacy, in cases of
potentially amendable limitations; temporary support
as a bridge to recovery in reversible conditions, or as
destination therapy when there are contraindications
for HTx. (5-8) Deciding the appropriate timing for
implantation is a crucial step. INTERMACS (Intera-
gency Registry for Mechanically Assisted Circulatory
Support) profiling, supported by the National Heart-
Lung and Blood Institute (NHLBI), which has been
analyzing patients implanted with FDA (Food and
Drug Administration) approved devices since June 23,
2006, provides better identification of the associated
risks according to the time of implantation. (9,10)
Such devices can provide short-, medium- and long-
term support in patients with acute and chronic heart
failure.

Older pulsatile devices were used for short-term
support, but in 1998 the FDA approved them as a
bridge to HTx. Technological advances determined
that these devices are a safe alternative for long-term
support. (7) In 2001, the REMATCH (Randomized
Evaluation of Mechanical Assistance for the Treat-
ment of Congestive Heart Failure) trial demonstrated
that mortality in non-transplantable patients treated
with medical treatment was higher compared with
patients with pulsatile LVADs; in these patients, mor-
tality decreased by 48%. Although complications as
thromboembolism, bleeding and infections limited the
time of use, this clinical trial supports LVADs as des-
tination therapy. (11) The INTrEPID (Investigation
of Nontransplant-Eligible Patients Who Are Inotrope
Dependent) trial demonstrated that LVAD-treated
patients with Novacor® device had superior survival
rates at 6 months (46% vs. 22%) and at 12 months
(27% vs. 11%) compared with optimal medical treat-
ment in non-transplantable patients with severe end-
stage HF and severely reduced left ventricular ejec-
tion fraction. (12)

Continuous-flow LVADs, including axial-flow and

centrifugal-flow pumps, are smaller and easier to im-
plant. Since 2007, their usefulness have been demon-
strated in clinical studies, initially against a control
group. Later, in 2009, they proved to be superior to
pulsatile-flow devices. (13) These pumps led to the
current generation of centrifugal continuous-flow
LVADs, which use a single fully magnetically levitated
rotor. (14,15)

The LVAD HM3™ is intended to provide hemody-
namic support in patients with HF. as a bridge to HTx
or as destination therapy in patients with severe left
ventricular dysfunction. Right ventricular failure risk
scores and the patient's prognosis must be estimated
before the univentricular device is implanted in each
case. (16) Intolerance or allergy to anticoagulants are
contraindications for the implant.

Krabatsch et al. demonstrated FC improvement
from IIIb/IV to I/II 6 months after implantation in
more than 78% of patients, with sustained improve-
ment in 79% along 2 years (p<0.0001), confirmed
by 6MWT (mean distance walked at baseline 154 m,
which increased to 308 m 2 years after implantation,
p<0.0001). (17)

The MOMENTUM 3 trial published in 2018 (Ab-
bott) is a nonblinded, randomized study that sought
to demonstrate non-inferiority by comparing the axi-
al-flow HM II™ with the centrifugal-flow HM3™ after
2-year follow-up. The primary end point was a com-
posite of survival at 2 years free of disabling stroke
(with disabling stroke according to modified Rankin
scale) or survival free of reoperation to replace or re-
move a malfunctioning device. A total of 366 patients
were randomly assigned in a 1:1 ratio to receive ei-
ther the HM3™ (n = 190) or the HM II™ (n = 176),
and were evaluated at 1 month, at 3 months, and
then every 6 months until 2 years of follow-up. At 6
months, only 3 patients (1.6%) in the group HM3™
underwent pump replacement (1 for a driveline com-
munication fault causing electrical failure, 1 because
of a driveline infection, and 1 because of an obstruc-
tive outflow-graft twist), with absence of pump throm-
bosis compared with 10% in the group HM II™., The
primary end point occurred in 79.5%of patients in
the HM3 group, as compared with 60.2% in the HM
II™ group, achieving noninferiority. Survival free of
disabling stroke was observed in 89.1% of the patients
with HM3 and in 76.3% of those with HM II™, but
this difference was not statistically significant. (18).
Despite there were no significant differences in the
rate of gastrointestinal bleeding, the centrifugal-flow
pump had less tendency to cause von Willebrand fac-
tor deficiency and arteriovenous malformations than
the axial-flow pump. (19-21) The results with HM3™
with respect to 2-year event-free survival are com-
parable to those obtained with HTx in many regions
worldwide. (22)

It should be emphasized that proper management
of the device is essential to ensure therapy success in
the long term. Therefore, the patient and his/her fam-
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ily require sufficient time to acquire the knowledge
and skills required for daily self-care of the device.

CONCLUSIONS

We reported the first successfully implantation of an
LVAD as destination therapy in the country in a pa-
tient with HF and contraindication to HTx.

Heart failure will continue to be managed by dif-
ferent methods: genetic, replacement and mechanical
support. Left ventricular assist devices have proven to
provide efficient support in the short and long term as
abridge to HTx and destination therapy. Device design
and operation will gradually improve, and they will
undoubtedly become more efficient, more durable and
less expensive, and their use will result in fewer com-
plications. This therapy has great challenges ahead,
and at the same time it is no longer exceptional.
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