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Analysis of Clinical Results for Decision Making for Short- and Long-
Term Ventricular Support in INTERMACS | and Il Patients
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ABSTRACT

Objectives: The choice of ventricular mechanical support for end-stage
patients presenting with Inter-Institutional Registry for Mechanical As-
sisted Circulatory Support (INTERMACS) profiles I and Il is still controver-
sial. In this study, we aimed to analyze the INTERMACS | and Il patients
who underwent extracorporeal membrane oxygenation (ECMO) or left
ventricular assist device (LVAD) as a bridge to decision.

Methods: Twenty-four patients were retrospectively analyzed as Group
1: ECMO and Group 2: LVAD implanted due to critical clinical status at
INTERMACS profile | and Il during 2014 and 2022.

Results: Mechanical support was ECMO in 9 patients and LVAD in 15 pa-
tients. The baseline characteristics of patients receiving ECMO and LVAD
were not different in terms of comorbidities or cardiac parameters. Total
mortality was 17 (70.8%) in INTERMACS | and Il patients. Mortality did not
differ between patients with ECMO and directly implanted LVAD. (p=0.669).
Conclusion: As both types of mechanical support will be highly mortal,
in multiorgan failure with severe metabolic disorder, ECMO shall be the
first choice. On the other hand, LVAD can be the therapy of choice when
there is no organ failure or metabolic disorder. Additionally, the avail-
ability of organ transplantation should be considered in final decision
making on a patient basis.

Keywords: End-stage heart failure, extracorporeal membrane oxygen-
ation, inter-institutional registry for mechanical assisted circulatory sup-
port, ventricular assist device
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Amag: INTERMACS profil |, Il ile takip edilen son donem kalp yet-
mezligi hastalarinda cerrahi kalp yetmezligi tedavisi secimi hala
tartismalidir. Bu calismada, transplantasyona kdprt olarak ekstra-
korporeal membran oksijenasyonu (ECMO) veya sol ventrikul destek
cihazi (LVAD) uygulanan INTERMACS | ve Il hastalarini analiz etmeyi
amacladik.

Yontem: 2014 ve 2022 yillarinda INTERMACS profili | ve Il'deki kritik klinik
durum nedeniyle Grup 1: ECMO ve Grup 2: LVAD implante edilmis olan
24 hasta geriye donuk olarak analiz edildi.

Bulgular: Mekanik destek dokuz hastada ECMO ve 15 hastada LVAD idi.
Hastalar komorbiditeler veya kardiyak parametreler agisindan farkli de-
gildi. INTERMACS I-Il hastasinda toplam mortalite 17 (%70,8) idi. Mortali-
te, LVAD &ncesi ECMO ve direkt LVAD implante edilen hastalar arasinda
farklilik gostermedi (p=0,669).

Sonug: Her iki tip mekanik destek de olduk¢a 6limcul olacagindan,
siddetli metabolik bozuklugu olan ¢oklu organ yetmezliginde ECMO
ilk tercih olacaktir. Ote yandan, organ yetmezligi veya metabolik bo-
zukluk olmadiginda LVAD tercih edilen tedavi olabilir. Ek olarak, hasta
bazinda nihai karar verilirken organ naklinin mevcudiyeti g6z éniinde
bulundurulmalidir.

Anahtar sozciikler: Son dénem kalp yetmezligi, ekstrakorporeal memb-
ran oksijenasyonu, INTERMACS, ventrikiler destek cihazi
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Introduction

Mechanical assist devices (mechanical circulatory support
[MCS]) can maintain vital organ perfusion, drain the failing
ventricle, and reduce myocardial wall stress and oxygen
consumption. Thus, long-term mechanical assist devices
allow time for heart transplantation or myocardial recovery
(bridge to recovery). Despite technological improvements,
there are early and late side effects such as bleeding, infec-
tion, stroke, pump failure, and the development of pump
thrombus and organ failure. Therefore, patient selection
and timing are critical."?

With the development of MCS technology and the signif-
icant impact of patient selection on outcomes, risk scores
and classification have been developed to aid medical de-
cision making. Advanced classification for Inter-Institution-
al Registry for Mechanically Assisted Circulatory Support
(INTERMACS): Includes patients with Class lll or IV symp-
toms of the New York Heart Association classification that
limit daily activity despite optimal therapy adjustment with
approved heart failure drugs. The classification consists of 7
clinical (Table 1).B4 The mortality rate is high, especially in
the INTERMACS profiles | and Il, representing cardiogenic
shock's preclinical and clinical status.”>®

According to the INTERMACS 2020 annual report, extra-
corporeal membrane oxygenation (ECMO) support be-
fore left ventricular assist device (LVAD) implantation was
36.8%, decreasing to 26% in the new data. It shows that
74% of patients were implanted with LVAD without ECMO
bridging in many centers. Another remarkable data from
the same report is that 50% of the patients who under-
went LVAD application were in the INTERMACS | and |l
profile before the procedure.M

This study aimed to discuss the timing and type of ventric-
ular mechanical support based on the INTERMACS |, Il pro-
file cardiomyopathy patients. We analyzed our data to de-
termine whether the choice between ECMO and LVAD for
mechanical support differs in outcomes and the rationale
for decision making in cardiogenic shock patients.

Methods

Patients with cardiomyopathy under follow-up in our ad-
vanced heart failure clinic who underwent ventricular
mechanical support, either with ECMO or LVAD, during
the 2014-2022 years were included in the study. Approv-
al was obtained from the institutional academic board (E-
28001928-604.01.01) for this study.

The decision to implant LVAD and ECMO was made by the
heart team according to the recipients’availability status for
transplantation and availability for bridging. As mechan-
ical support, ECMO (Veno-Arterial) as short-term support
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and HeartMate Il (Abbott, Pleasanton, CA, USA), HeartMate
[l (Abbott, Pleasanton, CA, USA), Heartware (Medtronic,
Mounds View, MN, USA), and Heartasist 5 (ReliantHeart Inc.,
Houston, TX, USA) as long-term devices were used.The pre-
implantation clinical data and post-operation clinical find-
ings were recorded retrospectively and analyzed.

Statistical Analysis

Statistical Package for the Social Sciences, IBM, USA v25.0
program was used for statistical analysis. Continuous pa-
rameters are given as mean and standard deviation, while
categorical parameters are given as numbers and percent-
ages. The Chi-squared test was applied to compare cate-
gorical variables. Student-t test was used for comparisons
between two groups of normally distributed quantitative
variables, and Mann-Whitney U test was used for compar-
isons between two groups of non-normally distributed
quantitative variables.

Results

Between 2014 and 2022, 24 heart failure patients at INTER-
MACS stage | or Il received mechanical support in our in-
stitution and were included in the study. The mean age of
these patients was 45.1£14.1, and 4 (16.7%) were female.
The etiology of heart failure was dilated cardiomyopathy in
10 (41.7%) patients, ischemic cardiomyopathy in 11 (45.8%)
patients, and postpartum cardiomyopathy in 3 (12.5%) pa-
tients. The mechanical support was ECMO in nine patients
and LVAD in 15 patients. The baseline characteristics of the
patients who received ECMO and LVAD are compared in
Table 2. The patients had similar comorbidities or cardiac
parameters preimplantation.

The outcomes of INTERMACS | and Il patients after mechan-
ical support are summarized in Table 2. Overall mortality in
these patients was 17 (70.8%). The mortality did not differ
with the choice of initial mechanical support. Renal failure,
reoperation for bleeding, cerebrovascular event, or early
right heart failure (RHF) were not different in patients who
received an LVAD or an ECMO (Table 3). Of the nine patients
with ECMO, one recovered, two were bridged to LVAD, and
one was bridged to transplantation. Of the 15 patients with
LVAD were discharged.

Discussion

End-stage heart failure is a significant health problem. Heart
transplantation is the gold standard for selected patients.
However, the low number of donors for heart transplanta-
tion necessitated permanent and short-term mechanical
support devices to prolong the life of this patient group.*” In
patients with INTERMACS 1 and 2 profile who develop cardi-
ac decompensation, venoarterial ECMO is commonly used
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Table 1. INTERMACS scale for classifying patients with advanced heart failure

Profiles Definition Description

INTERMACS 1 “Crash and burn” Hemodynamic instability in spite of increasing doses of catecholamines and/or mechanical
circulatory support with critical hypoperfusion of target organs (severe cardiogenic shock)

INTERMACS 2 “Sliding on inotropes” Intravenous inotropic support with acceptable blood pressure but rapid deterioration of
kidney function, nutritional state, or signs of congestion

INTERMACS 3 “Dependent stability” Hemodynamic stability with low or intermediate, but necessary due to hypotension, doses
of inotropics, worsening of symptoms, or progressive kidney failure

INTERMACS 4 “Frequent flyer” Temporary cessation of inotropic treatment is possible, but the patient presents frequent
symptom recurrences and typically with fluid overload

INTERMACS 5 “Housebound” Complete cessation of physical activity, stable at rest, but frequently with moderate water
retention and some level of kidney dysfunction

INTERMACS 6 “Walking wounded” Minor limitation on physical activity and absence of congestion while at rest. Easily
fatigued by light activity

INTERMACS 7 “Placeholder” Patient in NYHA functional class Il or Ill with no current or recent unstable water balance

INTERMACS: Interagency registry for mechanically assisted circulatory Support; NYHA: New York heart association.

Table 2. Patients characteristics

Table 3. Outcomes of INTERMACS I-Il patients

LVAD ECMO p LVAD ECMO P
(n=15) (n=9) (n=15) (n=9)
n % n % n % n %
Age 41.4+15.0 47.3+13.5 0332 Reoperation for bleeding 9 60.0 2 220 0.105
Gender 0.615 Renal failure 7 46.7 5 55.6 1.000
Male 13 86.7 7 77.8 Cerebrovascular event 1 5.7 1 11.0 1.000
Female 2 133 2 222 Early right heart failure 7 46.7 3 333 0.678
HT 3 30.0 1 11.1 1.000 Short-term mortality 10 66.7 7 77.8 0.669
DM 4 26.7 L 1. 0615 INTERMACS: Interagency registry for mechanically assisted circulatory support; LVAD:
BMI 244429 26.4+6.4 0.734 Left ventricular assist device; ECMO: Extracorporeal membrane oxygenation.
Creatinine 1.15+£0.66 0.92+0.25 0.975
ALT 45.3%£52.3 52.0+31.6 0.318  or LVAD after ECMO as the myocard may show recovery.!'"
AST 39.7421.2 163.6+273.3 0907 The ideal timing for permanent LVAD or short-term ECMO
INR 16404 23%1.0 0123 therapy in patients with end-stage heart failure presenting
LVEF 171447 18.3+7.9 1000 with INTERMACS | and Il remains controversial.
PVR 3.5+0.9 3.0+1.4 0.428 o o ) )
PCWP 313436 29.049.2 0.839 Schibilsky et al'? showed a significant improvement in
TAPSE 14.946.0 13.843.4 0635 liver and kidney parameters in patients with ECMO be-
Cardiac Index 1.7140.66 2244123 0859  fore LVAD implantation and thus recommended ECMO for

LVAD: Left ventricular assist device; ECMO: Extracorporeal membrane oxygenation;
HT: Hypertension; DM: Diabetes mellitus; BMI: Body mass index; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; INR: International normalized
ratio; LVEF: Left ventricular ejection fraction; PVR: Pulmonary vascular resistance;
PCWP: Pulmonary capillary wedge pressure; TAPSE: Tricuspid annular plane systolic
excursion.

to maintain organ perfusion and as a bridge to decision or
recovery.”-' ECMO is an advanced therapy and requires spe-
cialized equipment and dedicated care teams in specialized
intensive care units. Reza et al."” in their cost analysis study
found that ECMO, as a bridge to transplant or LVAD is an
expensive treatment but less than LVAD implantation. On
the other hand, patients with myocarditis and postpartum
cardiomyopathy may not need bridging to transplantation

bridging to the decision. In a similar study, Tsyganenko et
al.'® explain that liver and kidney failure are independent
predictors of mortality in similar patient profiles. These
data showed that ECMO as the first choice for INTERMACS |
and Il patients seems a rational decision.

On the contrary, Molina et al." recommended LVAD appli-
cation without ECMO bridging in patients presenting with
CS. Although LVAD implantation is still associated with a
high risk of RHF, cerebrovascular events, infection, pump
thrombosis, and hemolysis in patients presenting with
CS, their study concludes that LVAD implantation should
be performed without delay due to extreme donor organ
shortage. They found a significant improvement in survival
and a decrease in periprocedural complications.



298

RHF is a significant complication in patients undergoing
LVAD implantation, occurring in 20-50% of all LVAD im-
plantations.™ Zhigalov et al.”! defined a 16.8% incidence
of RHF after LVAD implantation in patients presenting with
INTERMACS profiles | and Il. In another study by Zubarev-
ich,!" reported a similar rate (22.9%) in patients who pre-
sented with CS and INTERMACS profile | and were sup-
ported with ECMO before LVAD implantation. However, in
this patient group, all patients were weaned from ECMO,
and then LVAD was applied. Our study showed right heart
dysfunction in 46% and 33.3% of patients, respectively, for
LVAD and ECMO.

Various studies support both types of ventricular mechan-
ical support in INTERMACS | and Il patients. Each clinic de-
cides its protocol according to its heart team experience
and cost-effectiveness.

In our study, we did not find a significant difference in
terms of post-operative complications and mortality. LVAD
implantation without an ECMO bridge can be performed in
the appropriate patients.

In our study did not find a significant difference in post-op-
erative complications, renal failure, cerebrovascular events,
renal failure, and bleeding.

In our study, there was no difference in terms of mortal-
ity and complications in patients with both groups. Both
ECMO and LVAD were highly mortal and morbid in INTER-
MACS | and Il patients. LVAD did not alter results in favor of
survival or discharge. On the other hand, it was significant-
ly an expensive alternative. A cost comparison could not be
given due to the liability of costs, but by all means, the cost
of LVAD implantation was considerably higher.

Bridging patients presenting in CS with ECMO may be an
appropriate approach to achieve acceptable survival rates
and significant improvement in end-organ function.''® Sev-
eral factors should be questioned in decision making. The
complications of the devices should be evaluated individu-
ally for each patient. The patient group with the INTERMACS
I and Il profile is the most critical group of patients.l'”'®

With our findings, we recommend that in critical cardio-
genic shock status and organ shortage, the decision mak-
ing should be based on the hemo-metabolic results. As
both types of mechanical support will be highly mortal, in
multiorgan failure with severe metabolic disorder, ECMO
shall be the first choice. The aim will be to recover multior-
gan failure and metabolic parameters first, and ECMO may
be an effective and less costly therapy. On the other hand,
LVAD can be the therapy of choice when there is no organ
failure or metabolic disorder. In addition, the availability of
organ transplantation should be considered in final deci-
sion making on a patient basis.
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