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Advanced heart failure: non-pharmacological approach

®

Check for
updates

Michele Correale’ - llenia Monaco? - Lucia Tricarico? - Dario Bottigliero? - Monica Sicuranza” - Benedetto Del Forno? -
Giulia Godeas* - Antonino Teri* - Annamaria Maiorano® - Rossella Perulli® - Antonio Centola® - Michele De Bonis> -

Matteo Di Biase” - Natale Daniele Brunetti’

Published online: 10 April 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Patients with advanced heart failure have poor prognosis despite traditional pharmacological therapies. The early identification of
these subjects would allow them to be addressed on time in dedicated centers to select patients eligible for heart transplantation or
ventricular assistance. In this article we will report the current management of these patients based on latest international
guidelines, underlining some critical aspects, with reference to future perspectives.
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Introduction

Heart failure (HF) is the main cause of hospitalization and a
major cause of disability in patients over 65 years of age, affect-
ing at least 10 millions of patients in Europe. HF patients pres-
ent a very poor prognosis, with a 5-year mortality of more than
50% [1]. Over the last decades, population aging and availabil-
ity of more effective treatments have determined an increase in
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the number of patients suffering from advanced HF. Physicians
with interest in HF should be trained in the management of such
patients, requiring particular skills, tests, and procedures [2].
In this review, we summarize principal options in non-
pharmacological treatment of advanced HF, from cardiac
resynchronization therapy (CRT) to ablation of atrial fibrilla-
tion (AF) or ventricular tachycardias, from ventricular assist
device (VAD) to heart transplantation (HT), and from
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ultrafiltration to transcatheter aortic valve implantation (TAVI)
and mitral valve repair.

Definition of advanced heart failure

The “Heart Failure Association” of the European Society of
Cardiology (ESC) defines advanced HF as a chronic condition
characterized by severe and persistent symptoms (NYHA class
MI-IV) despite optimal guideline-directed treatment [3]; severe
cardiac dysfunction defined by a reduced left ventricular ejec-
tion fraction (LVEF) <30%, isolated RV failure (e.g., arrhyth-
mogenic right ventricular cardiomyopathy) or non-operable se-
vere valve abnormalities or congenital abnormalities or persis-
tently high (or increasing) BNP or NT-proBNP values and data
of severe diastolic dysfunction or LV structural abnormalities
according to the ESC definition of HFpEF and HFmrEF [4];
episodes of pulmonary or systemic congestion requiring high-
dose intravenous diuretics (or diuretic combinations) or epi-
sodes of low output requiring inotropes or vasoactive drugs or
malignant arrhythmias causing > 1 unplanned visit or hospital-
ization in the last 12 months; and severe impairment of exercise
capacity with inability to exercise or low 6MWTD (< 300 m) or
pVO; (< 12-14 mL/kg/min), estimated to be of cardiac origin.
The updated definition of advanced HF uses the most recent
ESC HF guidelines. Using the ESC criteria for cardiac dysfunc-
tion gives the same importance to all patients with HF, indepen-
dent of LVEF. In addition, now acute events leading to one or
more unplanned visits or hospitalizations within 12 months are
the hallmark of advanced HF, independent of treatment, with
emphasis placed on the instability of the clinical course and
resource utilization. Malignant arrhythmias have been added
as a major cause of acute events.

“Advanced,” “refractory,” and “end-stage” HF can be con-
sidered interchangeable terms, all reflecting patients who
should be evaluated for advanced HF therapies [3].
Advanced HF is characterized by symptoms limiting daily life
such as anorexia, dyspnea, fatigue, pain, and depression [5].
The psycho-physical deterioration of the patient is also caused
by ineffective continuous medical interventions and conse-
quent anxiety for HF symptoms. A pattern of clinical charac-
teristics may suggest which patients are worsening despite
appropriate therapy (Table 1).

Management of advanced heart failure

Advanced HF is usually characterized by a very aggressive
evolution; so, patients with advanced HF should be followed
by multidisciplinary teams of experts, including professionals
other than cardiologists. An “advanced HF team” integrating
hospital assistance, specialist outpatient assistance, and the
general practitioner assistance is required. Contribution of
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Table 1  Clinical features of worsening HF in HF patients despite
appropriate therapy

Need for intravenous inotropic therapy for symptomatic relief or to
maintain end-organ function

Peak VO, < 14 mL/kg/min or < 50% of predicted

6-min walk distance <300 m

>2 HF admissions in the last 12 months

O, unscheduled visits (e.g., ED or clinic) in 12 months

Worsening right heart failure and secondary pulmonary hypertension
Diuretic refractoriness associated with worsening renal function
Circulatory-renal limitation to RAAS inhibition or beta-blocker therapy

Progressive/persistent NYHA functional class III-IV symptoms (persis-
tent dyspnea during dressing or washing, which requires rest)

Systolic arterial pressure often <90 mmHg

Increased 1-year mortality (e.g., 20%—25%) predicted by HF survival
models (e.g., SHFM, HFSS)

Progressive renal or hepatic end-organ dysfunction

Persistent hyponatremia (serum sodium < 134 mEq/L)

Recurrent refractory ventricular tachyarrhythmias, frequent ICD shocks
Cardiac cachexia

Inability to perform ADL

other specialists, health and social workers, promotion of con-
tinuous training of all the professionals involved in the net-
work, according to the evolution of knowledge, follow-up
modalities and treatment options would be extremely useful
for such patients [6].

Nevertheless, the prognosis of advanced HF remains poor,
with higher mortality rates; early diagnosis may allow patients
referral to specialized centers for tailored therapies or “ex-
treme” solutions such as transplantation and LVAD.

Echocardiogram is usually not sufficient to diagnose ad-
vanced HF and right heart catheterization; the gold standard
for the diagnosis of cardiac filling pressures is often required.
Hemodynamic measurements at rest, in particular the pulmo-
nary capillary wedging pressure, are closely related to the
prognosis. However, catheterization is an expensive, invasive
method with a consequent risk of complications [7]. Among
the non-invasive methods for an early diagnosis of advanced
HEF, the cardiopulmonary test could play an important role;
lower PETCO, levels are non-invasive independent predictors
of LVAD implantation [8].

Non-pharmacological treatment of advanced
HF

Cardiac resynchronization therapy

CRT is a clinically proven treatment which targets ventricular
dyssynchrony, a condition present in a large percentage of
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highly symptomatic HF patients [9]. CRT acts using artificial
pacing, adding a LV lead to a standard right ventricular one in
order to electrically stimulate muscle contraction of both
chambers, usually placing the additional lead through the cor-
onary sinus in contact with the lateral wall of the LV [10]. LV
only pacing timed with native right ventricular activation is
also reported [11,12]. CRT offers benefits both in the short-
term through hemodynamic improvements and in the long-
term via reverse remodeling of altered heart structures [9].
CRT biventricular pacing is usually associated with defibril-
lation implantation (CRT-D) [13].

Presently, divergent recommendations exist for CRT be-
tween main international guidelines, in particular about QRS
morphology and duration but also with regard to atrial fibril-
lation (AF) and device choice (CRT-P or CRT-D). The com-
parison of recommendations for CRT is summarized in
Table 2 [14]. The indication to CRT in patient with permanent
AF and adequate rate control or atrioventricular nodal ablation
is encouraged by recent observational studies [15]. Last ESC
Guidelines on cardiac pacing and CRT and ACCF/AHA/HRS
Guidelines on HF both propose to carefully evaluate patient
risk profile before choosing between CRT-P and CRT-D
[9,16,17]. CRT is effective in reducing hospitalization, reverse
remodeling and mortality when patients are properly selected;
proper patient selection for CRT still remains a matter of
investigation.

CRT technology is continuously evolving with particular
emphasis on improving lead design and delivery of
resynchronization therapy, in order to minimize non-
responder rates [18]. Recent studies stressed the importance
of reducing the burden of AF and the number of (in) appro-
priate interventions. In this context, AF or even

atrioventricular node ablation should also be considered
[18,19]. Shock reducing strategies in patients with CRT-D
consisting of ablation, adequate medical therapy, and proper
device programming are associated with a significant lower
risk of death as shown by MADIT-RIT and ADVANCE III
studies [20,21].

Finally, CRT non-responder patients still represent a major
issue despite modern technological advancement; in this re-
spect both re-evaluation of selection criteria and use of new
imaging techniques for pacing site choice should be consid-
ered [13].

The role of percutaneous treatment of secondary
mitral regurgitation in patients with heart failure

Secondary mitral regurgitation (MR) is a common finding in
patients with HF and LV dilatation. An appropriate medical
therapy, based on current guidelines, plus CRT when indicat-
ed, may provide an improvement in symptoms, LV function,
and in some patients, in the severity of MR [22].

On the other hand, surgical mitral valve repair or replace-
ment does not seem to decrease the rate of hospitalization or
death associated with secondary MR, and may be burdened by
a considerable risk of complications [23]. Therefore, the ma-
jority of these patients are treated conservatively [24].

Treatment of secondary MR may be achieved with a per-
cutaneous approach, approximating the anterior and posterior
mitral leaflets to create a double-orifice valve. This technique,
performed with the MitraClip device (Abbott), may result in a
reduction of severity of MR.

Prospective registry studies suggest that percutaneous
edge-to-edge mitral valve repair may produce a significant

Table2 CRT—comparison of recommendations
Guidelines ESCHFA ESCEHRA ACC/AHA/ CCS(2017)  Australian NICE (2014)
(2016) (2013) HRS (2013) Guidelines (2011)

QRS >150 ms with LBBB NYHA LIV 1A 1A 1A I High A CRT-P or CRT-D
NYHA II 1A 1A 1B I High CRT-D

QRS >150 ms without LBBB  NYHA III/IV  1IaB I1aB ITaA IIb Low A CRT-P or CRT-D
NYHA II 11aB 11aB 1IbB IIb Low CRT-D

QRS 130-149 with LBBB NYHA III/IV 1B 1B 1laB I High A CRT-P or CRT-D
NYHA II 1B 1B 1laB I High CRT-D

QRS 130-149 without LBBB  NYHA III/IV  IIbB 1IbB 1IbB A CRT-P
NYHA II 1IbB 1IbB 1B

QRS 120-129 with LBBB NYHA 11V 1IIA 1B 11aB III Moderate A CRT-P or CRT-D
NYHA II A 1B ITlaB III Moderate CRT-D

QRS 120-129 without LBBB  NYHA III/IV  IIIA 1IbB 1IbB III Moderate A CRT-P
NYHA II A IIbB 1B III Moderate

AF and HF 1IaB 1IaB IIaB IIb Low

Expected high % of ventricular pacing with 1A 11aB ITaC IIb Moderate

reduced LVEF and symptomatic HF
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reduction in symptoms and an improvement in functional ca-
pacity and quality of life in patients with secondary MR [25],
but its role in advanced HF remains controversial.

Recently, the results of two prospective randomized studies
analyzing the role of percutaneous edge-to-edge repair in ad-
dition to OMT compared to OMT alone, published with ap-
parently contradictory results (the Mitra-FR study [26]) did
not show significant difference between patients who
underwent percutaneous mitral-valve repair in addition to
OMT and those with OMT alone; instead, the COAPT Study
[27] showed a lower rate of hospitalization for HF and lower
all-cause mortality within 24 months of follow-up in patients
in whom Mitraclip procedure was performed in addition to
OMT when compared to OMT alone.

These apparently contradictory results may be explained by
the differences in the patient’ populations between the two
studies; patients in the COAPT Study [27] had a higher degree
of MR compared to the patients in the Mitra-FR study and a
quite smaller LV. Furthermore, in the MITRA-FR trial there
was a considerable variability of the medical therapy during
the study time due to the real-world clinical practice, whereas
in the COAPT trial, this was minimal. Finally, in the COAPT
study there was a low rate of device-related complication plus
an immediate achievement of MR <2+ in 95% of patients,
with MR >3+ in only 0.9% of patients at 2-year follow-up.

In patients with advanced HF, with not extreme LV dilata-
tion and secondary severe MR, percutaneous edge-to-edge
repair, in addition to OMT, is a safe procedure that significant-
ly reduces mortality, and more importantly, decreases hospi-
talization and improves quality of life. On the other hand,
patients with a more severe LV dilatation do not seem to
benefit from a percutaneous edge-to-edge procedure. A cor-
rect timing in the treatment of such patients is therefore cru-
cial. A firmly adhesion to an OMT is also essential.

Transcatheter aortic valve implantation

Patients with aortic stenosis (AS) and concomitant HFrEF
may be at risk for adverse effects from general anesthesia
utilized in surgical aortic valve replacement (SAVR).
Instead, TAVI has emerged as a gold standard therapeutic
options for patients with symptomatic severe AS who are
ineligible for SAVR or at high or intermediate operative risk.
Few data are available on patients undergoing TAVI aged less
than 75 years old or for surgical low-risk patients, where
SAVR remains the reference method.

Available data from randomized controlled trials (RCT)
and large registries in patients at increased surgical risk
show that TAVI is superior in terms of mortality to medical
therapy in extreme-risk patients [28], non-inferior or supe-
rior to surgery in high-risk patients and non-inferior to
surgery in intermediate-risk patients [29—-33]. The final de-
cision between SAVR and TAVI (including the choice of
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access route) should be made by the Heart Team after care-
ful individual evaluation [34].

Ablation of atrial fibrillation

About one third of HF patients develop AF; at the same time
AF enhances by four to six times the risk of HF [35]. The
prevalence of AF in HF increases according to the NYHA
class [36-38].

AF with rapid ventricular response can induce LV systolic
dysfunction (i.e., tachycardia-induced cardiomyopathy).
New-onset AF in patients with HF is a precipitating factor of
cardiac decompensation and was associated with increased
risks of cardiovascular death, HF hospitalization, and stroke
[39—42]. Definitive recommendations on the use of catheter
ablation (CA) for AF in patients also suffering from HF are
not available. Compared to medical therapy, patients treated
with CA show significant improvement of LVEEF, quality of
life, and functional capacity, BNP levels and MLWHF scores,
HF hospital readmissions, and death from any cause [43].
Most of them maintain sinus rhythm at 1 year with a single
procedure [44]. CA in patients with LV systolic dysfunction is
associated with significantly lower HF hospitalization rates,
reduces all-cause mortality, increases 6-min walking test, im-
proved LVEF, and peak oxygen consumption (VO,) [45],
without rising risks of serious adverse events [46]. Efficacy
rates are lower among patients with persistent AF and long-
standing persistent AF because the degree of atrial myopathy,
scar burden, and co-morbidities influence outcomes.
Pulmonary vein isolation (PVI) is the standard during all AF
ablation procedures. Non-PV triggers are target for patients
with persistent or long-standing persistent AF while PVI alone
works better in patients with paroxysmal AF. Posterior wall
isolation might be considered for initial or repeat ablation of
persistent or long-standing persistent AF. Previous study
showed that PVI was superior to AV node ablation and
biventricular pacing [47,48] and showed better outcomes than
antiarrhythmic drugs in patients with an ICD or CRT [49].

Ablation causes an improvement in LGE-based irreversible
fibrosis [50-52] and improvements in ventricular and atrial
chamber dimensions [53]. Early intervention with CA reduces
interstitial fibrosis but also blocks the progression to scar and
so it might minimize irreversible ventricular remodeling [54].
Recovery of LV function may explain the better outcomes
with ablation in this population [55-57].

In the CASTLE-AF (Catheter Ablation Versus Standard
Conventional Treatment in Patients with LV Dysfunction
and Atrial Fibrillation) trial, CA appears superior in preserv-
ing sinus rhythm and improving LVEF in patients with LV
dysfunction and AF [58]. The CABANA study (Catheter
Ablation vs Anti-arrhythmic Drug Therapy for Atrial
Fibrillation) showed a reduced mortality and cardiovascular
hospitalization without a significant difference in primary
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composite endpoint (death, disabling stroke, serious bleeding,
and cardiac arrest) in the ablation group [59]. So, CA may be
first-line therapy for the treatment of AF in patients with
HFrEF regardless of AF type [60].

Ablation of ventricular tachyarrhythmias

Ventricular tachyarrhythmias (VTs) are common in advanced
HF especially in patients supported with a LVAD [61]. VAs
increased mortality from HF [62]. Antiarthythmic drugs are
not highly effective and poorly tolerated in these patients
[63]. Ablation is recommended in patients with sustained
monomorphic VT refractory to drugs and may be considered
as first-line therapy in ischemic patients with ICD [64]. It can be
acutely feasible to treat incessant VT and VT storms [65] be-
cause of high risk of adverse outcomes and ineffectiveness of
medical therapy. Ablation is effective in preventing recurrence
of VT in HF patients [66—68] but not reduce mortality [69,70].

Periprocedural acute HF can complicate ablation and is
associated with a significant mortality risk. Some predictors
of AHF are identified and high-risk patients can benefit from
the use of mechanical circulatory support devices [71-73].
ECMO provides the best hemodynamic profile [74].
Prognosis for prophylactic use of ECMO is better than for
rescue. Devices can be removed at the end of the procedure
but some patients may require more prolonged periods of
support. Mortality is highest in the ischemic cardiomyopathy
[75]. The ablation goal are VT termination, ablation of dia-
stolic or fragmented signals, and non-inducibility [76,77].
Sometimes a second ablation should be necessary because
progressive remodeling generate additional substrates for re-
entrant VTs [78].

Extracorporeal ultrafiltration in fluid overload
management

Renal dysfunction is one of the most important comorbidities
in HF. Worsening HF or acute decompensated HF can induce
and/or accelerate renal injury. The first pharmacological option
recommended by current ESC guidelines [4] for HF with fluid
overload is optimization of diuretic therapy to increase water
and sodium elimination. Extracorporeal ultrafiltration (UF) is
suggested only when fluid overload persists even with the use
of the highest-dose intravenous loop diuretics or the combina-
tion of different diuretic agents. This condition is defined as
“diuretic resistance.” UF resembles glomerular filtration and
produces a fluid removal with minimal solute clearance and
depurative effect. The process of UF consists of the production
of plasma water from whole blood across a semipermeable
membrane (pore sizes in the range of 0.1 to 0.001 pum) due
to a transmembrane pressure gradient. A Y-shaped double-
lumen catheter, a peristaltic pump, and a filter inserted in a
veno-venous extracorporeal circuit are used. The pump

determines a negative pressure, thus allowing blood circula-
tion in the circuit from a vein to the filter, and then back to the
patient. During the treatment, the progressive removal of plas-
ma water will correspond to an equivalent replacement by
fluids coming from the interstitial space, which in the HF is
usually expanded. This happens thanks to the increased
oncotic pressure secondary to the concentration of plasma pro-
teins. The shift of plasma water from extravascular compart-
ment (specifically the interstitial space) to the intravascular
circulation is named vascular refilling rate (VRR), which could
be estimated according the weight (VRR: 7-10 mL/kg/h) [79].

The optimal rate and duration of UF must be individualized,
clinical experience teaches that extracorporeal fluid removal is
better tolerated when conducted with low UF rates over
prolonged periods of time [80,81]. Patients treated with UF
had a more pronounced reduction in signs and symptoms of
HF, and a significant decrease of NT-proBNP levels. A remov-
al of liquids with adjustable rates and volumes maintains he-
modynamic stability with no effect on serum electrolytes. UF
causes a reduction of the filling pressures in the right and LV, of
the circulating volumes, and of the pressures of the structures
surrounding the heart. This allows the recovery of diuresis. The
use of UF can rapidly improve symptoms, shorten of length of
stay, and reduce numbers of re-hospitalizations [82-84].

On the other side, UF is an invasive procedure with several
possible complications (hemolysis, coagulation of the circula-
tion and reaction to the filter, hemorrhages and thrombocyto-
penia, pneumothorax and the risk of artery puncture, and final-
ly, infections and occlusion of the catheter). All of these com-
plications could be limited by an adequate clinical setting, and
by cooperation between cardiologist and nephrologist with
high experience in extracorporeal treatment management.

Ventricular assistance device

Although the number of HF patients has increased over the
past 2 decades, the number of HT has remained relatively
constant at around 35004000 per year due to the lack of
donor organs [85]. This condition has increased the use of
MCS: innovative technological advancements, especially the
advent of smaller, durable continuous flow pumps, have led to
the production of VAD that play an increasingly important
role in the end-stage HF therapy.

The REMATCH trial first showed improved 1-year surviv-
al in inotrope-dependent, transplant-ineligible patients with
advanced HF treated with an LVAD, but 2-year survival was
not statistically different [86]. The currently systems in use for
adults are second- and third-generation systems, which are
significantly smaller and lighter than their predecessors from
the first generation, and they have shown significant superior-
ity over pulsatile first-generation devices.

Recently, the majority of patients treated with an implant-
able LVAD received a CF device, either a centrifugal pump
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Table 3 Different uses for LVAD
Bridge to decision (BTD)-bridge
to Bridge (BTB)

Bridge to candidacy (BTC)

Bridge to transplantation (BTT)

Bridge to recovery (BTR)

Destination therapy (DT)

Use of short-term MCS (e.g., ECLS or ECMO) in patients with cardiogenic
shock until hemodynamics and end-organ perfusion are stabilized,
contra-indications for long-term MCS are excluded (brain damage after
resuscitation), and additional therapeutic options including long-term
VAD therapy or heart transplant can be evaluated

Use of MCS (usually LVAD) to improve end-organ function in order to
make an ineligible patient eligible for heart transplantation.

Use of MCS (LVAD or BiVAD) to keep patient alive who is otherwise
at high risk of death before transplantation until a donor organ
becomes available.

Use of MCS (typically LVAD) to keep patient alive until cardiac
function recovers sufficiently to remove MCS.

Long-term use of MCS (LVAD) as an alternative to transplantation in
patients with end-stage HF ineligible for transplantation or long-term
waiting for heart transplantation.

such as the HeartWare HVAD (Medtronic, St. Paul, MN,
USA) or an axial flow pump such as the HeartMate IT (St.
Jude Medical, Minneapolis, MN, USA). Nowadays, a new
generation of magnetically levitated centrifugal pumps
(HeartMate 111, St. Jude Medical) is available in Europe. The
pumps unload the heart by pumping blood from the LV to the
ascending aorta. Contemporary LVADs are driven electrically
via a percutaneous driveline connected to a small computer
(controller) and external energy source, either batteries that are
replaced every 4-12 h depending on the pump model or an
AC power source. While the original pulsatile pumps had a
limited life span, in most cases of <2 years, the CF devices
may last > 10 years [87].

Historically, LVADs have been used for short periods of
time to ensure the survival of patients waiting for a donor
organ (“bridge-to-transplant”) [88]. Clinical studies have
shown an improvement in survival in patients with advanced
HF ineligible for transplantation treated with LVAD
(“Destination Therapy”) [89]. Another use for LVAD is
“bridge-to-decision” for patients with relative contraindica-
tions or comorbidities for transplantation, reversible after a
period of hemodynamic support (Table 3).

Whereas guidelines for HT listing exist, there are no uni-
versally accepted criteria for LVAD implantation [4]. Some
commonly used indicators of illness severity include an
LVEF <25%, frequent or prolonged HF hospitalizations, in-
ability to tolerate standard HF treatments due to hypotension
or renal insufficiency, and reduced maximal or submaximal
exercise performance (Table 4). Most centers rely on the
criteria used in clinical trials that candidate patients with he-
modynamic imbalance including low cardiac index (<2.2 L/
min/m?) and/or high left-sided filling pressures. HT listing
criteria are important considerations in determining LVAD
candidacy, but there are important distinctions between candi-
dates for the two different treatments (Table 5). For example,
pulmonary hypertension or recent cancer are important rela-
tive contraindications for transplantation but not for LVAD
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therapy, whereas patients with complex congenital heart dis-
ease or significant right ventricular (RV) failure [90] are less
optimal LVAD candidates while they may have good out-
comes with transplantation. Severe kidney failure is a contra-
indication for HT, but renal or liver function may improve
after LVAD [91] as may pulmonary vascular resistance [92].
An important contribution to the selection for LVAD pa-
tients was the emergence of the INTERMACS classification
[93] (Table 6). Outcomes in INTERMACS 3 (stable on
inotropes) are better than in class 1-2: this is the optimal group
for implantation of durable LVADs. The prospective
ROADMAP study demonstrated superior survival with im-
provements in submaximal exercise performance in
INTERMACS profile 4-7 patients treated with LVAD
(HeartMate II) compared with patients treated with OMT [94].
The age is not a contraindication to implant of LVAD, as
well as the ventricular arrhythmias or renal dysfunction but
many elderly patients have multiorgan dysfunction, frailty, or
other significant comorbidity that may compromise outcomes;
the VTs may improve after LVAD implantation, but LVAD
implantation may also be associated with increased tendency
to VT. Patients with nephropathy and high-grade proteinuria
or renal atrophy may be at very high risk, and few centers
would accept patients on chronic dialysis because of the risk

Table 4 Main inclusion criteria for HeartMate 11 destination therapy
(HM2-DT) trial

NYHA IIIb-1V symptoms for at least 45 of the last 60 days.

HF symptoms failed to respond to optimal medical management.

Peak VO, < 14 mL/kg/min or continued need for i.v. inotropic
therapy owing to symptomatic hypotension, decreasing renal
function, or worsening pulmonary congestion.

LVEF < 25%.
L.V. inotropic medications for > 14 days.
Intra-aortic balloon pump support for >7 days.
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Table 5 Distinctions between HT

and LVAD candidates Cardiac transplant LVAD

Body size None BSA<12 m’

Age >65-72 None (oldest reported > 88 years)

PVR (Woods units) >3 >8

RV function None RVSWI < 250 mmHg x mL/m?

Urgent situation Yes No

Comorbidities
Malignancy <5 years disease-free Chemotherapy non-completed
Renal Creatinine > 2.5 mg/dL Creatinine >3 mg/dL
Pulmonary Mild to moderate Moderate to severe
Obesity BMI > 30 kg/m’ BMI > 45 kg/m®

Intolerance to anticoagulation
Restrictive cardiomyopathy

No
No

Yes
Yes

of device infection and risk of poor outcome. Social network
and even marital status are important factors in achieving
good outcomes with LVAD therapy [95].

Common contraindications to implant of LVAD are, in-
stead, active systemic bacterial or fungal infection in consid-
eration of immunosuppressive therapy and untreated signifi-
cant aortic regurgitation because it prevents pump flow from
contributing to organ perfusion (Table 7).

Anticoagulation and antiplatelet therapies are important to
prevent pump thrombosis. Both embolic ischemic events and
bleeding events secondary to these therapies remain major
complications of LVAD [96] and contribute to readmission
and death [97].

HeartMate III group was associated with higher survival
rates free of reoperation to remove or replace the device at
6-month post-implantation than HeartMate II group [98].
The HeartWare Ventricular Assist System for destination ther-
apy of advanced HF was not inferior to HeartMate Il with
respect to primary end point of stroke-free survival or device
removal due to malfunction [99].

Finally, the DuraHeart left ventricular assist system, the
world’s first approved magnetically levitated third-
generation implantable centrifugal pump, demonstrated a sig-
nificantly improved survival and reduced rates of adverse
event and long-term reliability of devices compared to pulsa-
tile LVADs [100,101].

Table 6 INTERMACS classification
INTERMACS level NYHA class ~ Description Device 1-year survival with
LVAD therapy
1. Cardiogenic shock v Hemodynamic instability in spite of increasing doses ECLS, ECMO, 52.6+5.6%
“Crash and burn” of catecholamines and/or mechanical circulatory percutaneous
support with critical hypoperfusion of target organs support devices
(severe cardiogenic shock).
II. Progressive decline despite 1V Intravenous inotropic support with acceptable blood ECLS, ECMO, 63.1+3.1%
inotropic support “Sliding pressure but rapid deterioration of renal function, LVAD
on inotropes” nutritional state, or signs of congestion.
III. Stable but inotrope v Hemodynamic stability with low or intermediate LVAD 78.4+2.5%
dependent “Dependent doses of inotropes, but necessary due to hypotension,
stability” worsening of symptoms, or progressive renal failure.
IV. Resting symptoms IVambulatory Temporary cessation of inotropic treatment is possible, =~ LVAD 78.7+3.0%
“Frequent flyer” but patient presents with frequent symptom
recurrences and typically with fluid overload
V. Exertion intolerant IV Ambulatory Complete cessation of physical activity, stable at rest, LVAD 93.0+3.9%
“Housebound” but frequently with moderate fluid retention and
some level of renal dysfunction
VI. Exertion limited il Minor limitation on physical activity and absence LVAD/discuss -
“Walking wounded” of congestion while at rest. Easily fatigued by LVAD as option
light activity.
VIL. “Placeholder” I Patients in NYHA Class III with no current or Discuss LVAD -
recent unstable fluid balance as option
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Table 7 Contraindication to LVAD

Active systemic bacterial or fungal infection

Untreated significant aortic regurgitation

Sources of compromised hemostasis (genetic bleeding disorders, severe
hepatic insufficiency, etc.)

Nephropathy and high-grade proteinuria or renal atrophy
Substance abuse or alcoholism

Lack of social support

Right ventricular dysfunction

Elderly patients

Heart transplant

HT is the gold standard treatment of the end-stage HF, with
severe symptoms, a poor prognosis, and no remaining alter-
native treatment options [102,103]. Patients that maintain
functional classes III and IV, recurrent hospitalizations,

present with poor prognostic markers, despite therapeutic
optimization (with medications and surgery), should be
considered for HT. Advances in immunosuppressive ther-
apy have vastly improved the long-term survival of trans-
plant recipients with a 1-, 3-, and 5-year post-transplant
survival rate of 87.8%, 78.5%, and 71.7% in adults, respec-
tively [104]. The greatest survival benefit is seen in those
patients who are at highest risk of death from advanced HF
[105].

Cardiopulmonary exercise testing helps refine candidate
selection. Two parameters of the cardiopulmonary test are
very useful, since they have a strong correlation with the prog-
nosis of HFS: a peak oxygen consumption of < 14 mL/kg/min
or < 12 mL/kg/min in patients on b-blockers at maximal ex-
ertion has been established as the cutoff point for HT [106]. If
exercise is submaximal, a ventilation to carbon dioxide slope
of >35 also has prognostic value. A 6MWT <300 m also
indicates high risk. In patients with hemodynamic instability,
HT may be performed emergently.

Table 8 Heart transplantation:

indications and contraindications Patients to

consider

End-stage HF with severe symptoms, a poor prognosis, and no remaining alternative
treatment options. Motivated, well informed, and emotionally stable. Capable of complying

with the intensive treatment required post-operatively.

Contraindications ~ Absolute

Systemic disease with life expectancy <2 years: active neoplasm (if preexisting, evaluation
with an oncology specialist is necessary to stratify the risk of recurrence and establish a
time to wait after remission)

Systemic disease with multiorgan involvement (systemic lupus erythematosus,
amyloidosis, sarcoidosis)

Severe chronic obstructive pulmonary disease (FEV1 <1 L)

Renal (e.g., creatinine clearance < 30 mL/min) or hepatic severe dysfunction, if
associated renal or liver transplant is not performed

Irreversible pulmonary hypertension

Pulmonary artery systolic pressure >50 mmHg

Transpulmonary gradient > 12 mmHg

Pulmonary vascular resistance >3 Wood units despite treatment

Relative

Age > 70 years (carefully selected patients may be considered)

Diabetes with end-organ damage (except non-proliferative retinopathy) or persistent
poor glycemic control (HbAlc > 7.5%) despite treatment

Active infection, except VAD infection. Patients with HIV, hepatitis, Chagas disease,
and tuberculosis can be considered with strict management

Severe peripheral arterial or cerebrovascular disease not suitable for treatment

Other serious comorbidity with poor prognosis, such as neuromuscular diseases
Obesity: BMI > 35 kg/m®
Cachexia: BMI < 18 kg/m®

Frailty: when three of five possible symptoms (including unintentional weight loss of
> 5 kg within the past year, muscle loss, fatigue, slow walking speed, and low levels
of physical activity) are present

Current alcohol or drug abuse

Insufficient social support

Elevated panel-reactive antibody test defined as > 10%
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The indications for and contraindications to HT are sum-
marized in Table 8 [4]. Some contraindications are transient
and treatable, such as untreated infections and neoplasms.
Fixed pulmonary hypertension (especially with pulmonary
vascular resistance >3 Wood units) is a limiting factor, since
it is associated with early post-operative right ventricle (RV)
failure [107]. Pulmonary hypertension develops in response to
a passive backward transmission of elevated filling pressures
in the LV that with time causes vascular remodeling.

In patients listed for HT, the reversibility of pulmonary
hypertension should be reassessed at 3- to 6-month intervals.
LVAD can lower pulmonary hypertension and are used as a
bridge to candidacy in patients with irreversible PH refractory
to medical treatment [108].

Not less important, pretransplant immunological evalua-
tion includes the determination of the panel of reactive anti-
bodies against HLA (PRA), which can make the transplant
unfeasible, if there is positivity against specific antigens of
the donor [109].

Conclusions

The management of advanced HF patients need a specific
HF unit, with an “Advanced HF team” (cardiologists, ne-
phrologists, cardiac surgeons, electrophysiologists, physicians
training for hemodynamic procedures and for cardiac rehabil-
itation), collective discussion of individual cases, and identi-
fication of the personalized management, integrating hospital
assistance and promoting the continuous training of all the
figures.
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