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HeartMate 3 fully magnetically levitated left
ventricular assist device for advanced heart failure -
initial Serbian experience

Emilija Nestorovic¢', Dusko Terzi¢', Svetozar Putnik', Arsen Risti¢?, Miljko Risti¢!

'Clinical Center of Serbia, Clinic for Cardiac Surgery, Department for Heart Transplant, Belgrade, Serbia;
“Clinical Center of Serbia, Cardiology Clinic, Belgrade, Serbia

SUMMARY

Introduction As the waiting time for heart transplantation continues to increase due to shortage in
organ donation, supporting patients with advanced heart failure with left ventricular assist device (LVAD)
increases as well. The latest generation of LVAD, left ventricular assist system (LVAS) started to expand
worldwide due to more promising outcomes.

The aim of this article was to present the case of treating advanced heart failure in a patient who under-
went implantation of HeartMate 3 LVAS as the bridge to transplantation.

Case otline The patient was a 59-year-old man with advanced heart failure requiring inotropic drug sup-
port, with ischemic cardiomyopathy as the underlying cause of heart failure. Therefore, in the absence
of an adequate donor, it was decided to incorporate the LVAS as a bridge to transplantation. Functional
capacity, cardiac, renal, and liver functions improved in the patient.

Conclusion The use of the HeartMate 3 in an advanced heart failure patient results in improvements in
functional capacity, cardiac, renal and liver function. Further studies should be performed in order to
identify whether improved outcomes are sustained with a longer follow-up period.
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INTRODUCTION

Patients with advanced heart failure (HF) have
quite limited possibilities for therapy, so the
morbidity and mortality in connection to the
disease are unacceptably high. In light of the
insufficient availability of donor hearts and a
growing number of heart transplantation (HT)
ineligible patients, left ventricular assist devices
(LVAD) are often used to support patients with
advanced HF awaiting HT or as destination
therapy (DT) [1]. In order to improve clini-
cal outcomes of LVAD therapy, technological
advances have been made through different
types of LVAD pumps over the past 30 years,
from pulsatile to continuous flow (CF) and
now back to artificial pulsatility. Compared to
the pulsatile flow HeartMate (HM) XVE, the
newer generation of LVAD and CF-LVAD is
considerably smaller, with significantly lower
incidence of adverse events and has become
the standard of care as a bridge to transplanta-
tion (BTT) [1]. HM II (Abbott Corporation,
Chicago, IL, USA) is an axial pump that pro-
vides CF, which requires a tissue pocket and a
larger body surface of the patient, while other
intrapericardial CF pumps, like HeartWare
(HeartWare Inc., Framingham, MA, USA),
utilize a magnetically levitating rotor system
to decrease mechanical wear in order to reduce
hemolysis and the incidence of pump throm-
bosis. Also, due to smaller size, it is suitable

for patients with smaller body surface area
[2]. Despite the fact that with the newer gen-
eration of LVAD survival rate is much better,
the overall adverse events are still significantly
high [3]. Therefore, technology enhancements
of LVAD have become increasingly important
in order to improve post-LVAD outcomes and
to reduce the rate of adverse events. The latest
generation pump, HM 3 (Abbott Corporation)
is intrapericardial fully magnetically levitated
CF-LVAD with artificial pulsatility with large,
consistent pump gaps designed to reduce blood
trauma and minimize stasis of blood.

The aim of this article was to present a case
of treating the end-stage of HF in a patient
in whom the latest generation of LVAD, left
ventricular assist system (LVAS), HM 3, was
implanted.

CASE REPORT

The patient was a 59-year-old man with ad-
vanced HF, with ischemic cardiomyopathy
as the underlying cause. Ten months prior to
hospitalization at our institution, the patient
suffered from acute heart infarction of the an-
terior wall as the first manifestation of coronary
disease. Since the patient was admitted to a lo-
cal hospital after 24 hours had passed, neither
percutaneous coronary intervention nor fibri-
nolysis was applied. At the local hospital, the
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Figure 1. Left ventricular assist system, HeartMate 3 implantation: a) left ventricle
open at the top; b) sewn ring at the left ventricle; ¢) preparation of the pump; d)
connecting the pump to the ring; e) connected pump in the pericardial cavity; f)
outflow graft sewn to the aorta

patient underwent coronary angiography that showed an
occlusion of the left anterior descending coronary artery
and stenosis of the proximal circumflex coronary artery
and he was treated with medicaments. After the acute
ischemic phase, the hospital treatment was hindered by
the development of left ventricular (LV) aneurysm and
the appearing symptoms of HE He complained of fatigue
while at rest, of choking, chest pain, and swelling in the
legs. Ten months after the myocardial infarction, he came
to our institution due to symptoms of advanced HF and
required inotrope support drugs. Both two-dimensional
transthoracic echocardiography (TTE) and transesopha-
geal echocardiography (TEE) were performed in the
standard manner using Vivid E 9 (GE Medical Systems,
Milwaukee, WI, USA) and showed a volume overload of
LV (EDV 257 ml), increased LV end-diastolic (LVEDD)
and end-systolic diameters (LVESD), 7.4 cm and 6.3 cm,
respectively, and significantly decreased ejection fraction
of LV (LVEF) to 18% calculated by the Biplane method.
There were akinesis in the LV septum, apex, apical part of
anterolateral and inferior walls, apical and medial part of
the anterior wall with LV apex aneurysm without visible
thrombotic masses. Severe mitral regurgitation (MR 3+)
was present. The right ventricle had regular dimensions
(2.6 cm) with good systolic and longitudinal functions
(global fractional area change of 27%, tricuspid annular
plane systolic excursion of 21 mm, and right ventricular
systolic excursion velocity of 18 cm/s). There was severe
functional tricuspid regurgitation (TR 3+) with high right
ventricle systolic pressure (RVSP 77 mmHg). Single-pho-
ton emission computed tomography showed the absence
of viable myocardium of the septum, anterior and lateral
wall of the LV. Preoperative hemodynamic data showed
pulmonary capillary wedge pressure (PCWP) of 27 mmHg,
central venous pressure (CVP) of 11 mmHg, cardiac index
(CI) of 1.9 L/min./m? In order to assess the possibility of
LVAS implantation, the nature of the LV apex aneurysm
was estimated by performing magnetic resonance imag-
ing of the heart. At the part of LV apex aneurysm, the
myocardial wall thickness was 3-5 mm with aneurysmal
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Figure 2. Radiographic finding after implanted HeartMate
3 left ventricular assist system

extension, which was a borderline finding for pump im-
plantation. Based on all the performed tests, it was con-
cluded that the patient was in the end-stage of HF (New
York Heart Association (NYHA) IV, Interagency Registry
for Mechanically Assisted Circulatory Support 3), with
significantly impaired LV function requiring continuous
inotropic support; therefore, it was decided in the absence
of an adequate donor to incorporate the LVAS as a BTT.

The patient underwent surgery under general anesthe-
sia. The surgery included the implantation of LVAS, HM 3.
After median sternotomy, in conditions of extracorporeal
circulation without aortic clamping and stopping of the
heart, the LV was opened at the top, the ring was sewn, and
after preparation, the pump was connected to the ring. The
driveline was placed through the skin in the form of double
tunneling and connected to the pump controller and the
energy source. Finally, a graft was sewn to the aorta (Figure
1). Unlike the LVAD HM 2 device, where it is necessary
to form a tissue pocket to place the device, LVAS HM 3
was applied fully intrapericardially. The intervention was
without complications.

The postoperative recovery was uneventful. After the
LVAS implantation, a standardized anticoagulation regi-
men was used with initiation of infusion of heparin, fol-
lowed by the transition to warfarin and aspirin. Antico-
agulation therapy was included in order to maintain the
international normalized ratio between 2.0 and 3.0. There
was normal flow through both the pump’s inflow and out-
flow cannula. The pump speed was set at 4,900 rpm, with
pump flow being 3.4 L/min. and pump power 3.2 w. There
were stable LVAS parameters and data on the pump con-
troller. The radiographic finding was regular (Figure 2).
Postoperative hemodynamic data showed PCWP of 10
mmHg, CVP of 7 mmHg, CI of 3.2 L/min./m’. Functional
cardiac (T'TE and brain-type natriuretic peptide - BNP),
renal and liver function assessments were done before the
LVAD implantation, at discharge from the hospital and at
12 months. The TTE examination at discharge showed
improvement in the LVEDD and the LVESD from base-
line values of 7.4 and 6.3 to 5.5 and 4.5, respectively. This
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improvement was sustained over the time of the follow-up.
For LVEF and BNP (pg/ml), the baseline values of 18%
and 670 improved to 39% and 173, respectively, and con-
tinued to improve during the period of 12 months to 50%
and 120, respectively. The dimension of the right ventricle
was sustained in the normal range (2.6 cm) with a good
systolic function. At discharge, NYHA functional classifi-
cation improved from IV at baseline to II and continued to
improve to I during the period of 12 months. There were
improvements in renal function from baseline-estimated
glomerular filtration rate (ml/min./1.73 m?) and serum
creatinine (nmol/L) of 40 and 155 to 57 and 114, respec-
tively, and there was no change over the entire follow-up
period. With regard to hepatic function, total bilirubin
(umol/L) showed a reduction at the discharge point (25.8
vs. 12.4), with no further change afterwards. There were
no significant changes of aspartate transaminase (IU/L),
and alanine transaminase (IU/L) values during the entire
follow-up period.

DISCUSSION

HT remains the treatment of choice in cardiac replacement
therapy for patients with end-stage HE. As the waiting time
for HT continues to increase, supporting patients with
LVAD increases as well. LVAD support enables an improved
quality of life and survival compared to medical therapy
[4]. However, despite all of these benefits of new technol-
ogy of LVAD, there is still significant incidence of device-
related complications that may have lessened enthusiasm
for investigating LVAD therapy in less sick patients [5].
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LVAD technology is advancing continuously and rapidly.
Smaller devices, total implantability, artificial pulsatility,
and remote monitoring are being investigated, which will
broaden the LVAD technology application. The outcomes
in patients supported by the LVAD have improved along
with experience and technology advances. The HM 3 LVAS
is a new centrifugal-flow device which uses full magnetic
levitation allowing wide and consistent flow paths and an
artificial pulse designed for enhanced hemocompatibility.
It uses a fully magnetically levitated rotor with frictionless
movement that excludes heat generation and wear of the
moving component. During operation, blood from the LV
enters the inflow cannula and pump along a central axis and
is propelled through the wide-gap impeller blades of the
rotor and finally out through the outflow graft. The power
cable from the pump housing is externalized and connected
to a modular cable that is attached to the external system
controller and a power supply. The pump receives power
from a power module or mobile power unit for wall power,
or from a pair of 14-V lithium-ion batteries. The pump
operates at a rotor speed in the range of 3,000-9,000 rpm
and the maximum flow rate is 10 L/min. The LVAS operates
continuously in an artificial pulse mode, where the rotor
speed changes rapidly every 2 seconds to generate pulsatile
flow from the pump [6].

The use of a HM 3 in advanced HF patients results in
improvements in functional capacity, cardiac, renal, and
liver function. LVAD technology is quickly evolving and
its accessibility is increasing if compared to HT. Further
studies should be performed in order to identify whether
improved outcomes are sustained with a longer follow-up
period.
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HeartMate 3 cuctem 3a acMCTMpaHy NOTNOPY 1€BOj KOMOPU €a NOTNYHO
MarHeTHUm nesutupajyhum motopom 3a y3Hanpegosany cpuaHy cnabocr

- npBa uckyctea y Cpbuiju

Emunuja Hectoposuh', ywko Tep3uh', Ceeto3ap MyTHuK', ApceH Puctuh?, Murbko Pructih!
'KnuHnykn ueHtap Cpbuje, KnHrka 3a kapanoxupyprujy, Onerbetbe 3a TpaHcnnaHTauujy cpua, beorpag, Cpbuja;

2KnuHnuku ueHTap Cpbuje, KnuHuka 3a kapauonorujy, beorpag, Cpbuja

CAMETAK

YBop Ycnen HepocTaka AOHOPCKMX OpraHa, BpeMe Yekama
Ha TpaHCcnnaHTaumjy cpua cBe je pyxe u cae je Behin 6poj 60-
NeCcHUKa Y y3HanpeaoBasoj cpyaHoj cnabocTu Koju Cy neyeHn
ypehajuma 3a acucTrpaHy LypKynauujy neBor cpua. 36or fjo-
Opux pesynTaTa, LUIMPOM CBETa je 3arnoyesna NpuMeHa HajHOBMje
reHepauuje ypehaja 3a acuctnpaHy LpKynalujy neBor cpua,
CrCTeMa 3a acMCTMPaHy NOTNOPY JieBe KOMOpE.

Linmb oBor paga je 610 Aa npukake neyere 6onecHUKa y y3Ha-
npepoBanoj ¢pasu cpyaHe cnabocTn MMMAHTaLMjOM cMCTeMa
3a acUCTMpaHy NOTNOPY neBe Komope — HeartMate 3, Kao npe-
molhaBae nepropa Ao TpaHCMaHTaLumje cpua.

Mpukas 6onecHuka MNpurkasyjemo myLiKapala ctapor 59 ro-
AMHA Ha MHOTPOMHOj MOTMOPW JIEKOBUMA, Y Y3HanpeaoBanoj
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ba3u cpuaHe cnabocTn U UCXEMUjCKOM KapAYOMUOMATjOM
Kao HEHVIM OCHOBHUM y3pOKOM. Y 0fCyCTBY AOHOPa, bonec-
HUKY je yrpaheH crcTeM 3a acuCTUPaHy NOTMNOPY SieBe KOMope
3a npemolwuhaBame nepropa Ao TpaHcnnaHTaumje cpua. Kog
6onecHvKa je Jowo Ao nobosbliatba GYHKLMOHANHOT Kara-
LuTeTa, CpUaHe, peHasiHe 1 xenaTunuke GyHKLuje.

3akspyuak Ynotpeba HeartMate 3 Kop, 6onecHuKa y y3Hanpe-
[0Baroj cpyaHoj cnabocT AoBoau A0 nobosbluaka GpyHKLKO-
HaslHOr KarauwuTeTa, CpuaHe, peHasHe 1 xenatunuke dyHkuuje.
[larba nctpaxuBarba Tpeba CNpoBecTy y Lnsby OTKpUBakba Aa
1N ce ca BpemeHOM npaherba NobosbLIAHY UCXOAW OfiPKaBajy.

KrbyuHe peun: ypehaju 3a acicTupaHy LypKynaumjy; cpuaHa
CnabocT; TpaHCMnaHTaumja cpua
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