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Optimal utilization of mechanical circulatory
support and transplant resources in the
comprehensive treatment of terminal heart failure

Lucija Svetina, Mate Petricevié, Bojan Biocina

Department of Cardiac Surgery, University Hospital Center Zagreb, School of Medicine University of Zagreb

Treatment of end-stage heart failure has reached new frontiers. With a scarce availability of hearts,

mechanical circulatory support (MCS) has become an integral part of end-stage heart failure treatment
and has improved survival. A variety of devices may be instituted either for short or long term support in
different clinical indications, such as postcardiotomy circulatory failure, acute cardiogenic shock, chronic
heart failure in patients not eligible for a transplant to heart transplant deterioration. Permanent or tem-
porary MCS has emerged as an indispensible treatment for advanced stage heart failure alongside esta-
blished standard medical procedures. Herein we report brief narrative review of MCS devices used for
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Epidemiology of heart failure

Due to increased demand for treatment of end-stage
heart failure patients, MCS has become a significant ther-
apy tool. Heart failure, the endpoint of progressive dis-
ease, has become the leading mortality and morbidity
etiopathogenic knot in developed countries with a preva-
lence of 2.5%.%2 By improvement of medical and surgical
technology, end-stage heart failure patient population
has markedly increased, currently including 17 million
Europe and USA citizens, with raising incidence of 500,000
new patients yearly.? The estimated 5-year mortality is
around 80%. Once patients become dependent on ino-
tropic therapy, their 1-year survival reduces to less than
30%.%° The number of heart transplantations reported to
the International Society of Heart and Lung Transplanta-
tion (ISHLT) registry worldwide is 3,500-4,000 annually,
remaining steady over the past two decades; donor sup-
ply has not changed substantially.® ISHLT encompasses
66% of heart transplantations performed worldwide. Ac-
cording to the Eurotransplant report, in the year 2012,
Eurotransplant region, 569 heart transplantations were
performed, with 1235 patients remaining on the active
heart waiting list.” With a scarce availability of hearts,
more patients will lack possibility for heart transplant,
thus leading to increased rate of heart decompensation
which in turn emphasizes the role of MCS in treatment of
end-stage heart failure.

heart failure, mechanical circulatory support, ventricular assist device, cardiac transplantation

The ideal therapy for management of heart failure re-
fractory to usual medical care continues to be heart trans-
plant. Optimal utilization of resources such as donor avail-
ability and developed heart failure programs is
mandatory if program sustainability is to be achieved.
MCS is rather supplementary, than alternative therapy,
although shortage of organs available directs MCS to-
wards alternative therapy. However, there are numerous
general factors influencing indication and timing of MCS
therapy. Multidisciplinary heart failure teams should be
organized and charged with providing comprehensive
care from initial referral until support is terminated. This
team should be able to perform appropriate patient se-
lection, determine appropriate timing of MCS procedure
as well as sufficient perioperative patient management.

Historical overview

The MCS era has its roots in John Gibbon'’s cardiopul-
monary system, successfully used for an atrial septal de-
fect repair.® The first steps were taken in the USA with the
founding of the Artificial Heart Program in 1964 with the
National Institute of Health. Michael DeBakey developed
the original pneumatically driven left ventricular assist
device (LVAD) prototype and, in 1966, reported the first
successful use of the bridge to recovery LVAD in a young
woman unable to be weaned from cardiopulmonary by-
pass.’ Denton A. Cooley moved the whole process a step
further in 1969 with implantation of a pneumatically
driven artificial heart into a patient in postcardiotomy
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shock as a bridge to transplant, support lasted 64 hours.*
Despite promising beginnings, incidence of complica-
tions, predominately infectious and thrombo-embolic,
led to a moratorium in 1991. However, advances in the
technology reversed the whole process in 1994, and the
efforts continued.

Types of support

MCS vary in terms of circulatory or combined circula-
tory and respiratory support, concept of therapy and du-
ration of support;

ECMO/ECLS (Extracorporeal membrane oxygenation,
extra-corporeal life support) is a technique of circulatory/
respiratory support that ensures adequate heart and lung
functioning in patients that are in grave cardiorespiratory
insufficiency. ECMO refers to respiratory support, or gas
exchange, while ECLS is a broader term, including both
circulatory and respiratory measures of treatment.

VADs can be used for isolated left, right or biventricu-
lar failure. Most of the VADs are used for isolated left
ventricular failure. Those devices are preload dependent,
requiring optimal right ventricular function, and afterload
independent (not in cases of marked hypertension). They
are independent of left-sided contractility and rhythm
disturbances. However, right ventricular and biventricular
support options are less well established.

MCS could be instituted as a bridge to decision (BTD),
bridge to candidacy (BTC), bridge to transplantation (BTT),
bridge to recovery (BTR) and as destination therapy
(DT).1 According to the INTERMACS report, there has
been gradual increase in the number of MCS utilization
attempts, predominately in the BTT group of patients.!?
Individual factors influencing indication and timing of
MCS are not uniform and differ among indication sub-
groups. In the BTT group, patients rely on suitability for
heart transplant candidacy and donor availability. On the
other hand, BTC patients have contraindications or risk
factors for heart transplantation that can be resolved
while on MCS. DT indication is developed for patients not
eligible for heart transplant due to previously established
contraindications. BTD therapy is applied in patients re-
quiring re-evaluation of their candidacy for heart trans-
plant or the device upgrade after improve of clinical sta-
tus through MCS. BTR is instituted in patients with the
goal to restore myocardial function, usually in non-isch-
emic heart failure. In those cases, weaning of support
remains to be utmost goal.

Long term support

Aside from commonly used heart failure treatment
modalities, certain proportion of patients do not respond
to, thus requiring either heart transplant or MCS.*3 Still,
some patients will never establish candidacy due to nu-
merous contraindications, and will require long term ven-
tricular assist device support as a destination therapy.
Some patients, due to their poor physical condition are
not liable for any of the previously mentioned treatment
possibilities, leaving palliative care as the only definitive
treatment method. Palliative care is an important part of
treatment when patients are faced with severe symptoms
and no other options.

There are quite a few classifications regarding the MCS
pumps. Chronologically, pumps could be classified in
three classes according to period of utilization.

The first generation mechanical circulatory support
pumps were bulky, complex, pulsatile, positive displace-
ment pumps. Main limitations were mechanical failure due
to system complexity and limited durability, infections due
to percutaneous cannulae, thrombo-embolic complica-
tions, very little patient mobility due to device gross ap-
pearance and limitation arising from the need for mini-
mum body surface area to be greater than 1.5 m2 which
made it impossible for pediatric use. One of the major
drawbacks is the requirement of volume compensation.
First generation devices such as the Thoratec paracorpo-
real ventricular assist device (PVAD, Thoratec Corp.), the
Berlin Heart Excor (Berlin Heart, Berlin, Germany) and the
Toyobo LVAS (Toyobo Co LTD, Osaka, Japan) are paracorpo-
real devices, in which the blood pump lies external to the
patient, appropriate for temporary use for the BTT and BTR
indications. The Thoratec PVAD, is probably the most com-
mon used pump in the history of mechanical circulatory
support. The Toyobo LVAS is the only device approved for
use in Japan, a country with a great shortage of donor
hearts due to its ethical and social specificity.'**> Novacor
left ventricular assist system (LVAS, WorldHeart, Salt Lake
City, UT, USA) was used as a BTT device in a patientin 1984.
Thoratec implantable ventricular assist device (IVAD) is the
only implantable mechanical circulatory support device for
biventricular support. HeartMate extended vented electric
LVAS (HeartMate XVE, today known as HeartMate |, Tho-
ratec), due to its low thrombogenicity, is the only long-term
mechanical circulatory support device not requiring sys-
temic anticoagulation, only aspirin antiplatelet therapy.
The Randomized Evaluation of Mechanical Assistance in
Treatment of Chronic Heart Failure (REMATCH) study com-
pared clinical benefits of HeartMate XVE to medical treat-
ment.2® The study included 129 patients in NYHA class IV
not eligible for heart transplantation. The 1-year survival
in the HeartMate XVE group was 52% compared to 25% in
the medical therapy group. After two years survival, it was
28% compared to 8%. However, one of the major limita-
tions for its continued use was the infection rate of 41%
after 18 months of use and device failure of 17%."

Second generation mechanical circulatory support de-
vices are constructed of rotary, axial-flow pumps, with
contact bearings, producing well tolerated continuous
pulseless blood flow, suited for high flows at low pres-
sures differences. They were introduced from 1998 to
2000.® Major steps forward were diminished blood trau-
ma, lower anticoagulation requirements, less hemor-
rhagic complications, smaller size and better patient mo-
bility. Single moving rotors and no seals minimized
previously high device failure rate.’® Commonly used
doyens of this generation are Jarvik 2000 (Jarvik Heart,
Inc.; New York, NY), HeartMate Il (Thoratec Corp.) and
MicroMed DeBakey VAD (MicroMed Technologies, Wood-
lands, TX, USA). All of them are long term support devic-
es, fully implantable, some of them implantable intraven-
tricularly, such as Jarvik 2000, and others implantable
intraabdominally. HeartMate Il can be used as a left and
right ventricular assist device. This is important since 30%
of the patients requiring long-term ventricular support
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also develop right ventricular failure.?’ HeartMate Il is in-
tended to provide hemodynamic support in patients who
have established heart transplant candidacy, as a BTT,
who will become candidates after long term support, BTC,
whose recovery is delayed or in patients with absolute
contraindications for heart transplantation, therefore are
used as a permanent destination therapy, DT. Notably, the
HeartMate Il is the only second generation FDA approved
device for BTT and DT. Second-generation superiority is
demonstrated by a randomized trial comparing the Heart-
Mate XVE and HeartMate Il. Survival at 2 years in the
HeartMate Il group was 46% compared to 11% in the
HeartMate XVE group. Moreover, the device-replacement
rate was also significantly lower in the second generation
group, 10% versus 36%. In a study published by Miller et
al. 83% HeartMate Il patients improved from NYHA IV to
NYHA | or |l class 3 months after implantation. Only one
day after implantation, cardiac index increased from 2.0
L/min/sgm to almost 3.0 L/min/sgm on average.?! Con-
tinuous blood flow increases thrombogenicity, and strict
anticoagulation is required. The risk of hemorrhagic and
thrombo-embolic complications was similar in both
groups.?? The rearmost ratio is changing owing to im-
proved anticoagulation regimes. In the second generation
device group, infection, owing to percutaneous drive-
lines, is a major survival limiting factor.? 24 Infection is
most common within first 3 months after device implan-
tation. HeartMate Il showed decreased risk of infection,
probably due to a smaller driveline diameter. 75% of pa-
tients with percutaneous lead infections survived 1 year
versus 89% of patients without lead infections during
LVAD support.?® Risk infection is a multifactorial phenom-
enon, depending not only on the type and place of im-
plantation, but patient status and comorbidities.

Third generation ventricular assist devices are just like
the second-generation, providing continuous blood flow
generated either by axial or centrifugal rotary blood
pump. The main difference is the implementation of elec-
tromagnetic or hydrodynamic forces for suspension of
the rotor in the device, without contact bearings. In such
a manner, the number of moving parts is reduced to one,
allowing longer durability, and decreasing device size.
Some of those devices are approved for use; others are
still undergoing clinical investigation. In Europe, the Berlin
Heart Incor (Berlin Heart, Berlin, Germany), the Heart-
Ware HVAD (HeartWare International, Inc, Framingham,
MA, USA) and the Terumo DuraHeart (Terumo Heart Inc,
Ann Arbor, MI, USA) are approved for use. The HeartWare
HVAD size allows it to be fully implanted in the pericar-
dial sac, decreasing invasiness and associated surgical
morbidity.

The standard route of implantation for these long
term devices is via median sternotomy using cardiopul-
monary bypass. Prior to the implantation and systemic
heparinization, the pump pocket is created, depending
on the type of implant. Cannulation is performed paying
special attention to cannula positioning, leaving enough
space for subsequent cannulation during heart transplan-
tation. Cross clamping is avoided, if possible, to protect
the right ventricle. Aduegate maintenance of preload and
afterload is mandatory.

Short term support

Acute cardiorespiratory disorders encompassing re-
spiratory, cardiac or combined failure, cardiac surgery
complications and transplant rejection sometimes merit
therapy that goes beyond conservative measures. Extra-
corporeal circulatory support has become standard treat-
ment for patient in end stage heart failure and/or post-
reanimation treatment as a bridge to recovery or bridge
to definite treatment/transplant. Sometimes, it is used to
provide protection during high-risk procedures. There are
two basic operational modalities: V-V (venous-venous)
modality that replaces insufficient lung functions, and V-A
(venous-arterial) modality that replaces both heart and
lung functions. It is possible to introduce the ECMO/ECLS
machine either through central cannulation (through me-
dian sternotomy and direct cannulation, most often as
postcardiotomy support) or peripheral blood vessel can-
nuation, predominately using Seldinger’s technique, most
often as primary support. In peripheral cannulation, the
risk of peripheral limb ischemia should be taken into ac-
count. Vascular complication reports range from 11.5%
to 28 %.25% ECLS/ECMO encompasses basic principles of
cardiopulmonary bypass. However, one of the main dif-
ferences is duration of support. The system consists of a
centrifugal, afterload dependent pump, membrane oxy-
genator and heat exchanger. The support is temporary
(days to weeks), avoids ongoing iatrogenic injury, sustain-
ing life while bridging to organ recovery or replacement.
This concept, known as ,bridge-to-decision” or ,,bridge-
to-bridge” may optimize patient survival. The ideal indica-
tions for ECMO/ECLS are isolated severe heart failure
(one organ failure), refractory to conventional therapy or
cardiac arrest undergoing cardiopulmonary resuscitation.
However, common indications are multiple, ranging from
acute, severe, cardiac or pulmonary failure unresponsive
to optimal management, with expected recovery in days
to weeks (predominately pulmonary failure). The main
principle for ECMO/ECLS institution is introduction prior
to multiorgan failure onset and an established exit strat-
egy. Approximately 2-6% of surgically treated patients
require postoperative ECMO/ECLS support for refractory
cardiopulmonary dysfunction. ECMO has been utilized to
obtain rapid resuscitation, stabilization, and subsequent
triage to a more permanent treatment strategy. In post-
cardiotomy patients, ECMO/ECLS can be applied in mode
of “extended perfusion” to improve patient survival.

Compared to other available systems, ECMO/ECLS
support is associated with high morbidity and mortality.
The long term survival in different clinical scenarios (30
days after successful weaning) lingers around 25-36%.2%-32

Intra Aortic Balloon Pump (IABP) is easily available,
easy to implant, relatively inexpensive support, recom-
mended for use up to a few days in acute heart failure
settings. The IABP increases blood pressure and flow dur-
ing inflation by creating an additional perfusion event to
both the central and the peripheral circulation during
diastole. In the IABP-SHOCK Il randomized clinical trial
intraaortic balloon pump support did not reduce 30-day
mortality. The study involved patients with cardiogenic
shock complicating acute myocardial infarction, when
early revascularization was planned. At 30 days, 39.7% in
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the IABP group and 41.3% patients in the control group
had died.*

The Levitronix CentriMag (Levitronix; Waltham, MA,
USA) is a continuous-flow centrifugal, paracorporeal ven-
tricular assist device used in postcardiotomy patients or
in patients with refractory primary cardiogenic shock as
a bridge to a more permanent solution of the hemody-
namic collapse.?** It is designed as a bridge-to-recovery,
bridge-to-decision, bridge-to-bridge or as a bridge-to-
transplantation device. Due to its improved technical de-
sign, absence of seals, bearings and valves, a magneti-
cally levitated rotor not in contact with the housing of the
device, the Levitronix CentriMag can provide longer cir-
culatory support and less blood trauma. In salvage post-
cardiotomies, it can be attached to cardiopulmonary by-
pass cannulas already in situ. Moreover, it has been used
for the purpose of extracorporeal membrane oxygen-
ation.3® Although it is more expensive, it is very effective
in either univentricular or biventricular support.

Patient selection

The decision to institute MCS is often difficult, the cri-
teria vary among hospitals, but however helpful priciples
have been discussed. Typical heart failure signs are the
basic step in further decision making: cardiac index <2.0
L/min/sgm, systolic blood pressure <80 mmHg and pul-
monary capillary wedge pressure >20 mmHg, leading to
multiple organ failure. All of these criteria should be pres-
ent despite optimal medical therapy.

In order to collect all information about increasing use
of MCS devices, scientific data and results, databases
were established. The first was founded in 2006 by Na-
tional Heart Lung and Blood Institute (NHLBI) - the Inter-
agency Registry for Mechanically Assisted Circulatory
Support (INTERMACS). This database collects information
on mechanical circulatory support devices implants in the
USA. Since its beginning, more than 6800 implantations
have been registered. Reported survival is 80% at 1 year
and 70% at 2 years, considering continuous flow devices
(account for more than 95% of adult primary LVAD im-
plants) (12). EUROMACS was established in the 2009, in
order to collect data from the European centres.

INTERMACS developed patient profiles in order to im-
prove clinical characterization of MCS recipients (Table
1).3 Patients are grouped into 7 clinical profiles according
to their clinical presentation and medical management.
INTERMACS profiles 1 to 5 reflect NYHA IV class, while
patients in INTERMACS profiles 6 and 7 actually corre-
spond to NYHA Ill or IlIb*.

The INTERMACS data show that the patients with the
least favourable INTERMACS level 1 have the highest mor-
tality. This relationship has prompted a shift in utilization
with a decrease in durable pump implants in INTERMACS
1 and INTERMACS 2 patients and greater rates in INTER-
MACS level 3. INTERMACS level 1 patients are being treat-
ed with less invasive and less expensive temporary de-
vices in order to allow organ function recovery. The
percentage of patients with progressive cardiac decom-
pensation (Level 2) or cardiogenic shock (Level 1) at the
time of implantation has decreased from approximately
64% in 2011 to less than 54% in 2012. Patients with ongo-
ing cardiac decompensation or shock (INTERMACS Profile

Table 1. INTERMACS level of limitation at time of implant 3
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Levels 1 and 2) continue to show worse survival rates
compared to more stable patients, with decrease of ap-
proximately 5-8% in 1-year survival (12). It is imperative
that the mechanical circulatory support is instituted be-
fore malperfusion and irreversible organ changes occur.

The survival of patients aged older than 70 years is
mildly decreased compared to younger groups. However,
they have less tolerance for additional risk factors. Bridge
to transplant therapy group has shown modestly in-
creased survival rates when compared to destination
therapy group. This is probably due to absence of device-
related complications. Worsening renal dysfunction and
right ventricular dysfunction are major predictors of sig-
nificantly reduced long term survival®2.

Adverse event rates are being reduced with novel
continuous-flow pumps. Incidence of device malfunction,
bleeding, infection, neurological, hepatic and renal dys-
function has decreased. Improved outcomes and access
have helped in the utilization of MCS in ever-growing
number of countries worldwide.

Mechanical circulatory support at University

Hospital Center Zagreb

MCS has stepped up from a last resort therapy to a
well established alternative for many heart failure pa-
tients. Our first successful use of MCS was in 1987 for a
postcardiotomy indication. One year after, we began the
heart transplant programme, as pioneers in southeast
Europe, on September 30", 1988. From then on, in the
past 25 years, we performed 207 consecutive heart trans-
plants. Although in the beginning the number of trans-
plantations per year oscillated, since 2010 it stabilized at
18-24 heart transplants per year. It is worthwhile to men-
tion that Croatia is among leading countries in heart
transplantat programme with 44 heart transplant per 4.3
mil citizens in 2012. With 24 heart transplants in 2012 at
our institution and a mortality rate of 20% among heart
transplant waiting list candidates, MCS has become an
integral part of end-stage heart failure treatment and has
improved survival. No MCS backup was used from 1988
to 2008 for preoperative stabilization of heart failure pa-
tients as a bridge to transplant or as a postoperative sup-
port in case of primary graft failure or refractory heart
failure following other conventional cardiac surgery pro-
cedures. Our first elective MCS device was instituted in
2008 resulting in first successful BTT. The first long term
mechanical circulatory support device, HeartMate Il was
implanted in 2009. The patient was successfully dis-
charged home. In the past 5 years, 93 adult patients and
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Table 2. Classification of adult patients according to
INTERMACS registry and procedural outcome, overall
and within profile groups, at University Hospital Center
Zagreb

Frocedural success  |Procedural failure

INTERMACS

PROFILE n (%) nigroup (%) nigroup (%)
PROFILE 1 |81 {65.5%) 28/81 [4Z.6%) [35/81 (57.4%)
|PROFILE 2 118 {18.3%) 1218(B6.5%) 18 (33.3%)
IPROFILE 3 1= (4.8%) 33 (50.0%) (245 [40.0%)
FROFILE 4 9 (5.6%) 9/9 (100%)

[OVERALL |93 (100%)  50v33 (53.7%) #3183 (46.2%)

5 paediatric patients were treated with mechanical circu-
latory support, 110 procedures were performed, as some
of the patients had multiple procedures. In the same pe-
riod, 98 patients underwent heart transplantation. Me-
chanical circulatory support procedures were considered
as single procedures if they included only one type of
device. Upgrade, considered as device substitution, or
addition of another device was considered as a multiple
procedure. A variety of devices were used from the onset
of the mechanical circulatory support program. Short and
long term support was instituted for different clinical in-
dications, ranging from postcardiotomy circulatory fail-
ure, acute cardiogenic shock, chronic heart failure in pa-
tients not eligible for a transplant to heart transplant
deterioration.

The device selection algorithm was developed at Uni-
versity Hospital Center Zagreb. Mechanical circulatory
support indications are divided into two arms — primary
and postcardiotomy. The treatment usually starts with
short circulatory support, depending upon the clinical
scenario and upgrading to a more complex and expensive
mechanical circulatory support devices (Figure 1).

Indications for primary mechanical circulatory support
included: acute exacerbation of chronic heart failure pre-
dominately, acute cardiogenic shock. Altogether, proce-
dural success was accomplished in 60% of patients. 56.2%
patients were treated with ECMO, 34.2% LVAD, 7.9%
RVAD, and 5.2% with BiVAD. Mechanical circulatory sup-
port efficiently bridged 15 patients with heart failure to
heart transplantation. 19 patients were supported with
long term support, either as a destination therapy orasa
bridge to heart transplant; of those, 17 patients received
HeartMate Il, and 2 patients received HeartWare HVAD.
Postcardiotomy mechanical circulatory support was used
in 34.4% patients. Observed patient clinical outcomes
after 30 days were: alive 21.5%, alive on support 15.0%
or dead 63.4%. In the paediatric group, 3/5 patients were
bridged to recovery. Most common perioperative compli-
cation was renal failure, in 44.0% of patients. Classifica-
tion of adult patients according to INTERMACS registry
and procedural outcome, overall and within profile
groups, is shown in Table 2.

Furthermore, mechanical circulatory support for acute
and severe respiratory failure, in the form of V-V ECMO,
was applied in three patients. One patient with severe

REFRACTORY /[END STAGE HEART FAILURE

POSTCARDIOTOMY

! !

ACUTE
CARDIOGENIC CHROMIC HEART
SHOCK FAILURE

WAD [ Levitronix) ECLS -
ECLS

! ! !

PVAD/HeartMate mmmp MTXO" gy PVAD or HeariMate

destination
therapy

FRIMARY MCS

VAD (BiomedicusJECLS

Lewitranix

Figure 1. Mechanical circulatory support device selec-
tion algorithm at University Hospital Center Zagreb

respiratory failure was bridged to lung transplantation.
The patient was successfuly transported on extracorpo-
real life support from Zagreb to Vienna in 2010, where
subsequent lung transplantation was performed. This
cross institutional accomplishment was achieved using
portable V-V ECMO.

Our single-center experience with the mechanical cir-
culatory support and transplantation resources has pro-
vided us with important information concerning complex
heart failure problem issues. We have learned that proper
interdisciplinary patient management is crucial in improv-
ing patient outcome. Success is time and team dependent
and requires individual device and patient management.

The country’s health program is currently planning a
rapid onset of mechanical circulatory support for patients
in outlying medical facilities. The aim is to provide suffi-
cient ECMO/ECLS network that will sufficiently deploy the
ECMOY/ECLS support all over the country.

Discussion

Improved medical care and developed prevention sys-
tem contribute to ageing population. Technological im-
provements in design and surgical techniques, lead to
expanding mechanical circulatory support indications and
utilization. Technological advancements allow for ease on
implantation. Novel devices are smaller, more durable,
and more easily implantable; some of them may be im-
planted without cardiopulmonary bypass. Still, major
drawbacks such as bleeding and thrombo-embolic com-
plications are associated with adverse outcomes and
should inevitably be considered. Artificial surfaces that
come into contact with blood induce coagulation and re-
quire systemic anticoagulation therapy. No protocol has
been established and room for improvement is evident in
anticoagulation and anti-platelet protocols as well as in
technical performance. The second drawback is the need
for external sources of energy. Due to this factor, the in-
cidence of infections, although diminished compared to
older devices still remains one of the main limiting factors
for long term survival. Hence, the transcutaneous trans-
mission of energy from an external source is a promising
idea current under development.
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Optimal timing of mechanical circulatory support im-
plementation and patient selection strategies are cur-
rently being widely discussed. Initially, it was thought that
mechanical circulatory support was the only exit strategy
when all other medical methods are exhausted. Nowa-
days, the increasingly accepted opinion is that mechani-
cal circulatory support must be implanted before perma-
nent end-organ damage occurs, improving patient
recovery odds.

Further development of mechanical circulatory sup-
port technology may upgrade it from an adjunct to a vi-
able alternative to heart transplant in particular for pa-
tients that do not meet transplant criteria. Heart
transplant and MCS are inextricably associated and pres-
ent two complementary ways in heart failure treatment.

Integration of circulatory support and heart transplan-
tation programs increases the availability of heart trans-
plantation procedures, however, it increases complexity
and cost.

Permanent or temporary mechanical cardiac support
has emerged as an irreplaceable treatment for advanced
stage heart failure alongside established standard medi-
cal procedures. Success of treatment depends on patient
selection, timing, and routine practice experience with
mechanical circulatory systems.
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