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Advanced heart failure (AHF) represents an ominous stage of heart failure (HF), where 
the expected prognosis remains poor regardless of the improvement in medical knowl-
edge. In this review, we summarize the definition, prognosis, physiopathology, and 
clinical/therapeutic management of the disease, focusing on the fast and timely refer-
ral of the patient to the AHF facilities. We provide an insight of the diagnostic and 
therapeutic ‘work up’ performed in an Italian AHF hub, implying a deep phenotypical 
patients characterization in order to evaluate candidacy to the therapeutic gold stan-
dards as heart transplantation (HTx) and left ventricular assist device (LVAD).
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Definition

‘Advanced’, ‘refractory’, and ‘end-stage’ heart failure (HF) 
are all interchangeable terms, reflecting patients who 
should be evaluated for advanced heart failure (AHF) therap-
ies, encompassing cardiac transplantation, long-term mech-
anical circulatory support (MCS), and palliative therapies.1

Since treatments are limited, morbidity is typically pro-
gressive and survival is often short, deep characterization, 
and prompt patient identification are paramount. 
Nevertheless, no unique definition of AHF is available. In 
fact, the definitions adopted by the main HF organizations 
focus on marked HF symptoms interfering with daily life 
and recurrent hospitalizations, underscoring the need 
for an optimized medical therapy.1 Differentiating sever-
ity of symptoms between groups of patients is not a simple 
task. The New York Heart Association classification (NYHA) 
has been widely used to categorize the severity of symp-
toms in patients with HF. Nevertheless, the inter- and 
intra-observer variability in the NYHA class have been 
shown to be large and validity and reproducibility to be 
low. Moreover, the NYHA class has been found to correlate 
poorly with objective measures of cardiac function, such 
as peak oxygen consumption and 6-minute walk dis-
tances,2 often required to confirm the diagnosis of AHF. 

On the other hand, hospitalizations for HF are being re-
placed by outpatient visits, with infusions of loop diuretics 
and/or other vasoactive medications, reducing the effect-
ive chance of identifying advanced patients.1

Therefore, no single event or parameter alone can de-
fine AHF. Rather, a pattern of clinical characteristics 
should suggest that a patient has become refractory to 
traditional therapies, favouring referral to an AHF special-
ist (Table 1).

This concept brought to the 2018 position statement 
definition of AHF, subsequently adopted by the European 
Society of Cardiology (ESC) and the American Heart 
Association (AHA) in the guidelines of HF. In order to define 
AHF, all these criteria must be present despite optimal 
guideline-directed treatment: 

1. Severe and persistent symptoms of HF (NYHA class III 
[advanced] or IV)

2. Severe cardiac dysfunction defined by ≥1 of these: 
• Left Ventricular Ejection Fraction (LVEF) ≤ 30%
• Isolated RV failure
• Non-operable severe valve abnormalities
• Non-operable severe congenital heart disease
• LVEF ≥40%, elevated natriuretic peptide levels, and 

evidence of significant diastolic dysfunction
3. Hospitalizations or unplanned visits in the past 12 

months for episodes of: 
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• Congestion requiring high-dose intravenous diuretics 
or diuretic combinations

• Low output requiring inotropes or vasoactive medications
• Malignant arrhythmias

4. Severe impairment of exercise capacity with inability to 
exercise or low 6-minute walk test distance (<300 m) or 
peak VO2 (<12–14 mL/kg/min) estimated to be of car-
diac origin.

Criteria 1 and 4 can be met in patients with cardiac dys-
function (as described in criterion 2) but who also have 
substantial limitations as a result of other conditions 
(e.g. severe pulmonary disease, non-cardiac cirrhosis, re-
nal disease). The therapeutic options for these patients 
may be more limited.1–3

Epidemiology

HF is a global pandemic, estimated to affect 15 million 
European adults with an incidence ranging from 3/1000 
to 5/1000 person-years.3 Although guideline-directed 

medical therapies (GDMT) are improving the outcome, pa-
tients may still progress to an advanced stage.

The prevalence of AHF remains an epidemiological chal-
lenge considering the low incidence of the condition and 
the absence of an unique definition. Furthermore, there’s 
no epidemiologic study focused only on AHF. However, pa-
tients with AHF are estimated as 1–10% of the overall HF 
population and their prevalence is increasing due to the 
growing number of patients with HF and the improvement 
of survival provided by GDMT.4

More data regarding AHF prognosis is available. 
According to the Randomized Evaluation of Mechanical 
Assistance for the Treatment of Congestive Heart Failure 
(REMATCH) trial, stage D patients treated medically ex-
perienced a 75% chance of mortality at 1 year, while no pa-
tient survived the 2 years follow-up.5 Features predicting 
an overt worse outcome in this peculiar group of patients 
are a very low ejection fraction (EF, lower than 25–30%), 
right ventricular dysfunction regardless EF and comorbid-
ities including pulmonary disease and liver and kidney 
dysfunction.1

Table 1 Main indicators of advanced heart failure/element to define advance heart failure/trigger for referral

Heart Failure Association1 American College of Cardiology/American Heart 
Association2

NYHA class III (advanced)/IV III–IV
pVO2 <12 to 14 mL/kg/min <14 mL/kg/min/ < 50% predicted
6 MWT <300 m <300 m
Hospitalization >1 unplanned visit or hospitalization in 

the last 12 months: 
*Congestion requiring high-dose intravenous 

diuretics or diuretic combinations 
*Low output requiring inotropes or vasoactive 

medications 
*Malignant arrhythmias

≥2 HF admissions in 12 months 
≥2 unscheduled visits (e.g. ED or clinic) in 12 

months

Arrhythmia >1 Recurrent refractory ventricular 
tachyarrhythmias; frequent ICD shocks

Echocardiography LVEF ≤30%, isolated RV failure, non-operable 
severe valve abnormalities or congenital 
abnormalities or data of severe diastolic 
dysfunction or LV structural abnormalities 
according to the ESC definition of HFpEF and 
HfmrEF

LVEF < 30%

BNP/NTProBNP Persistently high (or increasing) BNP or NTproBNP 
values

Persistently elevated natriuretic peptides

End-organ damage Liver/Kidney dysfunction/Cardiac Cachexia Progressive deterioration in renal or hepatic 
function/Cardiac Cachexia

Pulmonary hypertension Type 2 Pulmonary hypertension Pulmonary hypertension
Intolerance or 

down-titration of 
medical therapy

Intolerant of optimal dose of any HF drug Intolerance to RAASi because of hypotension or 
worsening renal function 

Intolerance to beta-blockers as a result of 
worsening HF or hypotension

Diuretics Increasing diuretic Requirement Recent need to escalate diuretics to maintain 
volume status, often reaching daily furosemide 
equivalent dose >160 mg/d or use of 
supplemental metolazone therapy

Hypotension Systolic blood pressure < 90 mmHg Frequent systolic blood pressure < 90 mmHg
Hyponatraemia Present Serum sodium, < 134 mEq/L
Predicted 1-year mortality MAGGIC predicted survival ≤80% at 1 year 

SHFM predicted survival ≤80% at 1 year
>20% according to HF survival models (MAGGIC/ 

SHFM).
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Physiopathology

The assessment of left ventricular systolic and diastolic 
pump flow properties is paramount to understand the pro-
gression of HF, the effects of drugs recommended, and the 
need for AHF therapies.

In the most frequent model of disease progression, a pa-
tient with structural disorders (Stage B of the AHA/ACC 
classification) presents a reduction in EF due primarily to 
an increase in end-diastolic volume (EDV) despite a gener-
ally normal stroke volume (SV). Recommended therapies 
in this stage focus on preventing EDV growing and favour-
ing reverse remodelling (ACE inhibitors, Beta-blockers, 
mineral receptor antagonists). Patients with symptoms 
of HF (Stage C of the AHA/ACC classification) present an 
overt elevation of EDV with rising left ventricular end- 
diastolic pressure (EDP) and subsequently pulmonary pres-
sures, progressing to right heart dysfunction, and systemic 
venous congestion, explaining the advancing exercise 
limitation. The milestone of this stage relies on diuretics, 
able to reduce circulating volumes. Nevertheless, in the 
acute phase, selected patients may benefit from the use 
of vasodilators, low-dose dopamine, or ultrafiltration 
(UF), varying with the clinical presentation.1 The chronic 
therapy of patients symptomatic for HF can be improved 
with the addiction to drugs favouring cardiac remodelling 
and haemodynamics. Sacubitril/valsartan, for example, 
has been shown to reduce filling and pulmonary pressures 
also in patients with severe cardiac dysfunction.6 Left ven-
tricular wedge pressure reduction is documented after 
introducing SGLT2i in HF treatment.7 The main feature 
prevailing in patients with AHF (stage D of the AHA/ACC 
classification) is the reduction of SV, often accompanied 
by further LV dilatation, features progressing with the 

continuum of the disease and frequently associated with 
mitral regurgitation, which exacerbates the volume over-
load, ventricle dilatation, and reduction on SV. This pat-
tern explains the low efficacy of GDMT and diuretics on 
this phenotype, justifying the use of advanced therapies 
such as inotropes, MCS or heart transplant (HTx), when 
possible (Figure 1).3,8

Clinical management

The first step in approaching AHF is the prompt referral of 
patients ‘at risk’ to the AHF centre. The most recent ESC 
guidelines focus on the ‘triage of HF’, in order to provide 
timely referral and adequate therapies. NYHA II patients 
with ‘red flags’ (Table 1) or NYHA III/IV patients, despite 
optimal medical therapy, should be at least ‘discussed’ 
with the AHF specialists.3 This concept is stressed in the 
guidelines and the position statements, since a late refer-
ral could modify the disease trajectory, allowing the de-
velopment of irreversible end-organ damage, right 
ventricle dysfunction, pulmonary hypertension, or cardiac 
cachexia, that could represent ‘high-risk features’ or 
contraindication towards advanced therapies as MCS or 
HTx.

With this landscape in mind, many prognostic stratifica-
tion tools have been created. Nevertheless, the assess-
ment of prognosis is particularly challenging for HF. The 
clinical course, in fact, varies dramatically across the 
spectrum of disease severity and is relatively unpredict-
able for individual patients, being exacerbated by the con-
trast between sudden death and congestive symptoms 
with progressive pump failure. Moreover, several events 

A B

C D

Figure 1 PV loops (created with PVLoops LLC) referring to the AHA–ACC stages of heart failure. On the X coordinate: volume, on the Y coordinate: pressure. 
Stage A: preserved ejection fraction, normal end-diastolic volumes, filling pressure, and stroke volume. Stage B: left ventricle dysfunction and dilatation with 
preserved filling pressures and stroke volume (Frank-Starling adaptation). Stage C: symptoms and signs of heart failure, associated with reduced ejection frac-
tion, increased end-diastolic volume, and filling pressure, yet stroke volume is only mildly reduced or preserved. Stage D: advanced heart failure, symptoms 
and signs of heart failure, associated with reduced ejection fraction, increased end-diastolic volume, and filling pressure. The stroke volume is reduced.
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can represent an ‘inflection point’ in the overall trajec-
tory, changing considerably the outcome of the disease.

Among the various scores proposed (SHFS score or Seattle 
Heart Failure Mode, HFSS or Heart Failure Survival Score, 
MECKI or Metabolic Exercise Cardiac Kidney Index), the 
MAGGIC predictive model (Meta-Analysis Global Group in 
Chronic Heart Failure) may be quite useful given its deriv-
ation and validation across multiple clinical trials and 
cohorts.1

Since there are no data to support specific cut-offs for 
referral to an AHF centre, although risk scores and red 
flags may be clinically relevant, patient recognition re-
mains a crucial phase. No single parameter or parameter 
combination can fulfil the task of precise profiling of 
AHF. Yet, a risk score threshold of mortality higher than 
20% in a year is considered valuable.1

The interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) profiles are a commonly 
used descriptor of disease severity in patients with AHF, 
being used to define candidate selection and timing for 
durable MCS, but also performing in prognosis estimation, 

with data encompassing a 1-year horizon in ambulatory 
AHF patients.9 Since this classification was born to identify 
timing for MCS implant, it can be adopted with patients 
with HF with reduced EF (HFrEF) in patients without 
contraindication to mechanical devices.

Once a patient fulfils the definition of AHF, with the 
limitation provided, a deep characterization needs to 
be performed, in order primarily to exclude reversible 
cause of HF, beyond the scope of this document, 
and provide a clinical picture of the patient. 
Combining laboratory data, electrocardiography, echo-
cardiography, functional capacity when possible and 
right heart catheterization, the AHF facility has to 
provide a medical answer to the need of the patient 
(Figure 2).

Therapeutic management of AHF

Therapies providing prognostic benefits in AHF patients 
are HTx and long-term MCS. However, when the clinical 

AHF PATIENT

DATA CONFIRMING AHF 
(OMT)

YES: SCREENING 

SIGNIFICANT COMORBIDITIES

INTERMACS I/IV OR 
INTERMACS V-VI WITH RISK 

FACTORS

- INOTROPES AS 
SYMPTOMATIC THERAPY

-LVAD DESTINATION THERAPY

- SUPPORTIVE CARE

INTERMACS V-VI WITHOUT 
RISK FACTORS

STRICT FOLLOW UP

NON  SIGNIFICANT 
COMORBIDITIES

INTERMACS V-VI WITHOUT 
RISK FACTORS

STRICT FOLLOW UP

INTERMACS I/IV OR 
INTERMACS V-VI WITH RISK 

FACTORS

POTENTIALLY REVERSIBLE 
CONTRAINDICATION TO HTx

LVAD BRIDGE TO 
CANDIDACY/INOTROPES 

INFUSION  
(CONTINUUS/INTERMITTENT) 
IF LVAD CONTROINDICATED

NO CONTROINDICATION TO 
HTX

LISTING FOR HTX

FREQUENT FLYER/DISEASE 
PROGRESSION

LVAD BRIDGE TO 
TRANSPLANT/INOTROPES 

INFUSION 
(CONTINUUS/INTERMITTENT) 
IF LVAD CONTROINDICATED

FREQUENT FLYER/SEVERE 
MITRAL RIGURGITATION 

FULFILLNG COAPT CRITERIA

TEER

NO: FOLLOW UP/ REACHING 
OMT AND REVALUATE

EXCLUDE REVERSIBLE CAUSE
CLINICAL EVALUATION, 

ELECTROCARDIOGRAPHY, 
LABORATORY EXAM, 

ECOCARDIOGRAPHY, FUNCTIONAL 
TESTING, RIGHT HEART 

CATHETERISM

Figure 2 Advanced heart failure (“Microsoft PowerPoint” function): from definition to therapy in the ‘De Gasperis Cardio Center’, Ospedale Niguarda Ca’ 
Granda. AHF, advanced heart failure; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support profiles; LVAD, left ventricle assist de-
vice; OMT, optimal medical therapy; TEER, transcatheter edge-to-edge mitral valve repair. Risk factors considered: recurrent hospitalization, progressive 
end-organ failure, refractory congestion, pulmonary hypertension (Type 2), inability to perform cardiopulmonary exercise test, or peak oxygen consumption 
<12 mL/min/kg or <50% of expected value.4
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condition deteriorates or end-organ damage prevails, 
short-term therapies (including pharmacological therapy, 
renal replacement therapy, and short-term MCS) may be 
needed, until prognostic therapies become available or 
feasible.

Short-term management

A. Inotropes and vasopressors
Inotropes maintain an adequate cardiac output and re-
duce filling pressures by enhancing cardiac contractility 
and, in some cases, allowing vasodilatation, representing 
a potentially useful strategy to improve haemodynamics 
and end-organ function in AHF. However, their prognostic 
benefit is controversial and their routine use remains con-
traindicated.1 Nevertheless, selected patients can benefit 
from intravenous (IV) inotropes as a bridge to temporary 
MCS, long-term MCS, or HTx and as short-term therapy 
when low cardiac output and evidence of end-organ dys-
function prevail.10 Moreover, continuous IV inotropes 
may be considered as a palliative measure for patients 
without other advanced treatment options.

Levosimendan intermittent infusion deserves a separate 
discussion. In the last decade, this calcium sensitizer has 
gained popularity because of its pharmacokinetic. 
Producing a pharmacologically active metabolite, the 
drug effect lasts beyond the infusion period. Several clin-
ical studies indicate how the administration of intermit-
tent intravenous infusions of Levosimendan reduces 
hospitalization and mortality rates in patients with 
AHF.11 However, none of those trials were designed or 
powered to provide conclusive insights regarding this 
scenario. The ongoing LeoDOR trial (NCT03437226) will as-
sess the efficacy and safety of repetitive levosimendan in-
fusion provided for 12 weeks in AHF patients. Indirect 
insight on inotropes use in AHF is provided by the experi-
ence built on Omecamtiv Mecarbil, an oral selective car-
diac myosin activator, evaluated in chronic HFrEF in a 
phase 3 trial (GALACTIC-HF) and demonstrating a significa-
tive reduction of the composite endpoint of HF event or 
death from CV causes.12 Among the patients involved, 
the group with baseline LVEF ≤ 22% had the greatest rela-
tive risk reduction, with a consistent benefit in the sub-
group of patients with NYHA class III or IV. Notably, 2258 
patients (27%) who met the specified criteria for severe 
HF (NYHA III–IV, LVEF ≤ 30%, and hospitalization for HF 
within the previous 6 months) experienced a significant re-
duction of the primary endpoint, which was not demon-
strated in patients without severe HF.12 Given these 
meaningful results, Omecamtiv Mecarbil has been strongly 
suggested as an important component of advanced HFrEF 
treatment.

B. Diuretics and renal replacement therapy
Most HF hospitalizations are due to signs and symptoms of 
fluid overload. Congestion is strictly connected to kidney 
dysfunction (cardiorenal syndrome) and loop diuretic re-
sistance which often characterize the clinical course of 
patients with AHF. In these situations, up-titration of 
oral loop diuretics should represent the first therapeutic 
option. Planned ambulatory intravenous administration 
of loop diuretics may help in maintaining fluid balance 
and, in cases of inadequate responses, home administration 

of intravenous loop diuretics may be suggested. 
Concomitant administration of thiazide diuretics or meto-
lazone is used as an adjuvant therapy to overcome the brak-
ing phenomenon. However, no evidence from clinical trials 
exists to guide this practice and the risk of worsening renal 
function or electrolyte disorders, namely, hypokalaemia 
and hyponatraemia, must be considered. Interestingly, 
the ADVOR trial recently demonstrated that the addition 
of acetazolamide to loop diuretic therapy in patients with 
acute decompensated heart failure resulted in a greater in-
cidence of successful decongestion.13 A further novelty 
could be represented by vasopressin receptor antagonists. 
As advanced HF is typically characterized by inappropriate-
ly high levels of arginine vasopressin, bringing to plasma ex-
pansion and dilutional hyponatraemia, the selective V2 
receptor antagonist tolvaptan was suggested as a further 
decongestive weapon. In pre-clinical HF models, the novel 
dual-acting vasopressin V1a/V2 receptor antagonist peca-
vaptan showed a better haemodynamic effect compared 
with tolvaptan, including augmentation of cardiac output 
and cardiac index and reduction in total peripheral resist-
ance.14 The first clinical results will soon be available. UF 
might be an alternative to loop diuretic administration 
and it may be considered in patients who develop diuretic 
resistance. Its efficacy is based on the removal of isotonic 
fluid which occur without direct activation of the 
renin-angiotensin–aldosterone system if fluid removal rates 
do not exceed capillary refill. Despite initial safety con-
cerns, UF is associated with greater weight reduction and 
volume depletion and with shorter hospitalizations when 
patients are admitted to the hospital.15 Rates of UF 
>250 mL/h are not recommended and patients with right 
HF usually tolerate lower rates. Finally, peritoneal dialysis 
might be an at-home option for patients with refractory 
heart failure, cardiorenal syndrome, and fluid overload. 
In this technique of dialysis, the removal of sodium and 
water occurs because of the osmotic pressure gradient be-
tween the hypertonic dialysate and the hypotonic periton-
eal capillary blood. Peritoneal dialysis has a role both in 
patients with concomitant HF with and without advanced 
CKD (Stages I–IV) in whom peritoneal dialysis is used as a 
UF strategy and in those with HF and end-stage renal dis-
ease in whom peritoneal dialysis is the renal replacement 
therapy of choice (CKD Stage V). Compared with haemodi-
alysis, it offers newsworthy advantages, including haemo-
dynamic stability and less inflammation. This strategy can 
lead to weight loss and a better NYHA classification and 
quality of life, reducing the length of in-hospital stay. 
Future studies should determine if peritoneal dialysis is as-
sociated with improved survival.

C. Temporary mechanical circulatory support 
(T-MCS)
Among patients with AHF, short-term MCS may be indi-
cated in the setting of cardiogenic shock (CS), where grow-
ing emphasis is being placed on early and aggressive 
treatment. Several percutaneous and paracorporeal de-
vices are available and may play an important role as a 
bridge to recovery, a bridge to decision, or a bridge to 
heart replacement therapy. The specific device chosen 
largely depends upon the aetiology of CS, the patient’s un-
ique physiology, and the cardiac output augmentation 
required.
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C1. Intra-aortic balloon pump
The intra-aortic balloon pump (IABP) is a percutaneously 
implanted catheter-based balloon that is positioned in 
the aorta between the left subclavian artery and the renal 
arteries where inflates during diastole and deflates during 
systole, augmenting coronary perfusion and myocardial 
oxygen supply while reducing left ventricular afterload. 
Its contribution to cardiac output is small, merely 0.5 L/ 
min by some approximations. Because of the easiness of 
implantation and the low rate of complications IABP has 
gained widespread use, particularly in the setting of acute 
ischaemic heart disease, and for protective support during 
high-risk percutaneous coronary intervention. However, a 
randomized trial failed to demonstrate benefit on mortal-
ity in the setting of acute myocardial infarction.16 IABP 
may also be used to provide mechanical support to pa-
tients with CS prior to LVAD implantation. A small single- 
centre study reported that IABP provided clinical stabil-
ization in 57% of the patients who received IABP prior to 
LVAD implantation, whereas the remaining 43% had further 
clinical deterioration.17 The Altshock-2 trial will provide 
evidence on whether IABP should be implanted early in 
acute decompensated HF (ADHF)-CS patients to improve 
their clinical outcome (NCT04369573).

C2. Impella ventricular support systems (Abiomed 
Inc., Danvers, MA, USA)
Impella microaxial flow device can be placed percutan-
eously via arterial vascular access across the aortic valve, 
where it draws blood from the left ventricular and ejects 
into the ascending aorta. In this way, it unloads the left 
ventricle, improving haemodynamics combined with de-
creasing pulmonary capillary wedge pressure and increas-
ing coronary artery flow. Impella is manufactured in three 
versions: 2.5 device (12Fr, maximum flow 2.5 L/min), CP 
device (14Fr, maximum flow 2–4 L/min), and 5.0 device 
(21Fr, maximum flow 5 L/min). Impella 5.0 is not fully per-
cutaneous and requires a surgical procedure to insert a 
21Fr catheter in the femoral artery. Small-size rando-
mized controlled trials provided inconclusive evidence re-
garding survival benefits in CS patients treated with 
Impella compared with those treated to IABP.18 Notably, 
Impella has been shown to represent a valuable option 
for acute right ventricular support or for left ventricular 
unloading during extracorporeal membrane oxygenation 
(ECMO).19

C3. Extracorporeal membrane oxygenation 
(ECMO)
Venoarterial extracorporeal membrane oxygenation 
(VA-ECMO) is a cardiopulmonary bypass machine based 
on a centrifugal blood pump that can produce a flow up 
to 6 L/min, as well as an oxygenator to provide full re-
spiratory support. ECMO guarantees full systemic circula-
tory and respiratory support, hence it has been 
increasingly used in refractory CS as a bridge to heart re-
placement therapy, bridge to decision, or bridge to recov-
ery. ECMO Implantation and management require a 
dedicated team with expertise in this specific area. Even 
if the haemodynamic improvements associated with this 
t-MCS commonly restore end-organ perfusion, VA-ECMO 
delivers 4–6 L/min of flow to the aorta resulting in in-
creased afterload to the left ventricle. In addition, left 

ventricular preload can also increase because of incom-
plete capture of venous return. Those conditions may re-
sult in pulmonary congestion and clinically lead to 
pulmonary oedema and compromised respiratory func-
tion. In these cases, left ventricle can be unloaded with 
different techniques: medical therapies, percutaneously 
with Impella or IABP or surgically with the insertion of a 
vent. Other common complications of VA-ECMO include 
acute limb ischaemia (in the case of peripheral cannula-
tion), stroke, bleeding, and infection. A recent 
meta-analysis reported that ECMO provided better sur-
vival performance in patients in CS when compared with 
IABP, while clinical advantage was not observed when 
ECMO was compared with Impella or TandemHeart.20

C4. Tandem-Heart (Livanova, London, UK)
Tandem-Heart consists of an inflow cannula inserted in the 
femoral vein with access to the left atrium via trans-septal 
puncture, an extracorporeal centrifugal flow pump, and 
an arterial outflow cannula inserted into the femoral ar-
tery. In this configuration, Tandem-Heart directly unloads 
the left atrium which results in decrease in left ventricular 
filling pressures, volume, and oxygen demand. It provides 
a cardiac output up to 4 L/min. The need for trans-septal 
puncture and positioning of the inflow cannula into the 
left atrium makes implant procedure more complex and 
longer as compared wtih other short-term percutaneously 
implanted devices. Similar to other percutaneous devices, 
randomized controlled trials have yet to demonstrate a 
survival benefit.21

Long-term management

Long-term AHF therapies are indicated when, despite 
GDMT, HF progression can no longer be adequately mana-
ged, severely affecting the quality of life of patients or 
compromising end-organ function.

A. Heart transplantation (HTx)
HTx is the gold standard treatment for patients with AHF. 
Although lacking of controlled clinical trials, HTx demon-
strated to provide meaningful improvements in quality 
of life, functional status, and longevity if compared with 
conventional therapy.1 Datasets from the International 
Society of Heart and Lung Transplantation document how 
the median survival of adult transplant recipients is now 
higher than 12 years,22 a significant result if compared 
with the median survival of patients with stage D HF, usu-
ally lower than 2 years. Careful patient selection remains 
the standard for achieving satisfactory post-transplant 
outcomes.

Once AHF has been confirmed and reversible causes or 
significant comorbidities excluded, patients’ prognosis 
should be precisely estimated. In fact, the greatest sur-
vival benefit is achieved when the predicted mortality 
risk is higher, provided that end-organ function is 
preserved.

Treating patient with the best long-standing prognosis is 
paramount, since the donor allocation programmes have 
to face a scarce organ supply, with HTx being a limited re-
source. In Italy, the National Transplantation Centre re-
cently approved a major revision of the heart allocation 
policy intended to decrease waitlist mortality, particularly 
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for the sickest candidates, favouring organ provision to 
the patients with the greatest need and improving equit-
able distribution of donor hearts (Table 2).

Multiorgan transplantation remains uncommon and re-
served only for highly selected candidates.

In case of transplantation, patients bear the risks of 
graft rejection and the side effects of immunosuppression 
(e.g. infections, antibody-mediated rejection, cardiac 
allograft vasculopathy, late graft dysfunction, malignancy, 
renal dysfunction, hypertension, diabetes mellitus).22

Lastly, in 2022, the first patient affected by AHF, previous-
ly judged unsuitable for standard management, has received 
a heart from a genetically modified pig source animal. 
Although the patient died on day 49 after transplantation, 
because of uncertain causes, this may represent the first 
step to an extraordinary scientific progress.23

B. Left ventricular assist device (LVAD)
Long-term MCS is a valid alternative in patients non-eligible 
for HTx or in those deteriorating while awaiting HTx. MCS 

implantation is burdened by high costs and adverse events, 
limiting its use and requiring restrictive clinical criteria as 
well.1 However, LVAD therapy has evolved rapidly in recent 
years and the latest generation of devices has improved 
durability, reduced surgical and haemocompatibility- 
related complications, and improved patient survival. The 
most recent device to gain Food and Drug Administration 
approval for bridge-to-transplant and destination therapy 
indications is the HeartMate 3 (Abbott, Chicago, Illinois) 
LVAD. This fully magnetically levitated centrifugal pump 
was engineered to improve haemocompatibility, reduce 
stasis, and prolong durability. In the MOMENTUM trial, 
HeartMate 3 was shown to be non-inferior to HeartMate 2 
in terms of survival and reduction in hospitalizations, with 
a significantly lower risk of pump replacement because of 
pump thrombosis. The incidence of all bleeding events, 
thromboembolism and driveline infection remained similar 
to the older devices.24 Current 2-year survival rates in pa-
tients receiving the latest continuous flow LVAD are compar-
able to those after HTx, with survival rates reported of 80% 
at 1 year and 70% at 2 years.1

Table 2 The updated Italian National Transplantation Center Heart Allocation System active since 09 March 2020

Status Inclusion Criteria

1: National 
Emergencya,b

Organs are allocated throughout the national territory. 
Allocation of blood group O donor heart is allowed for recipients of type O, A, B, AB, while group A and B 

donor heart are allowed for AB recipients.
• Patients needing short time extracorporeal mechanical circulatory support (VA-ECMO)
• TAH or Biventricular EXCOR with irreversible complications
• LVAD with at least one of these complications: 

> Untreatable or recurrent pump thrombosis
> Driveline deep infection
> Other device failures

2: Macro-area 
Urgencya,c

Organs are allocated throughout the macro-area territory. 
Allocation of blood group O donor hearts is not allowed for recipients belonging to groups A and AB.

Hospitalized patients with contraindication to LVAD implantation and at least one: 
• INTERMACs 3 patients with documented dependence from temporary mechanical circulatory support 

(IABP or Impella) or IV continuous inotropes infusion for more than 7 days
• Arrhythmic storm unsuitable for ablation (more than 3 arrhythmic events in 14 days in spite of optimized 

anti-arrhythmic therapy with normal electrolyte balance)
• Adult patients with congenital heart disease, MELD XI score 10–18 almost one of the following 

characteristic: 
> Ascites, protein losing enteropathy, plastic bronchitis, cyanosis, refractory arrhythmias

Patients with MCS: 
• Biventricular EXCOR implanted >3 months before (contraindication to LVAD and preserved end-organ 

function)
• LVAD with at least one or two of the following features: 

> Previous resolved pump thrombosis, severe aortic regurgitation, HF requiring high dose of 
furosemide (≥100 mg per day) or haemodynamic documentation of insufficient LV unloading, 
gastrointestinal bleeding not controlled with medical or endoscopic therapy, chronic driveline 
infection resistant to antibiotic therapy, PRA ≥ 95%

Uncomplicated LVAD (Grace Period) 
• ≤65 years old patients
• ≥12 months on HT waiting list
• LVAD implantation ≥18 months

3: Ordinary list All other patients respect the listing criteria

LVAD, left ventricular assist device; HF, heart failure; PRA, panel reactive antibody; TAH, total artificial heart; VA-ECMO, venoarterial extracorporeal 
membrane oxygenation. 

aIn order to reach status 1 (National Emergency) or status 2 (macro area urgency), patient has to be hospitalized. The only exception allowed regards the 
so-called grace period: every 12 month, LVAD patients with certain features can be upgraded in status 2 for 30 days. 

bProvided low cardiac output status before VA-ECMO implantation and contraindication to LVAD. 
cHeart Transplant Centres are geographically divided into macro area where donor allocation is managed in status 2 (macro-area urgency).
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Nevertheless, the main clinical challenge regarding 
LVAD implantation remains the selection of the optimal 
surgical timeframe. The INTERMACs profiles were created 
to classify potential candidates for MCS for disease sever-
ity, suggesting a possible surgical timing. Selected 
INTERMACs 1–2–3 patients should be considered for MCS 
over a short period of time (hours, days, or weeks for 
INTERMACs 3 patients). A different point needs to be 
made for ambulatory AHF patients. The ROADMAP trial de-
monstrated the role of LVAD implantation in an INTERMACS 
4–7 population. Non-inotrope-dependent patients im-
proved functional capacity and quality of life, albeit 
with concomitant adverse haemocompatibility events, es-
pecially during the first after implantation year. Delayed 
implantation in this cohort did not increase mortality if 
compared with the original LVAD implantation group.25

No firm indication exists regarding patient selection and 
surgical timing for LVAD implantation. INTERMACs profiles 
are insufficient to quantify the patient’s risk and prognosis 
and countless factors must be taken into consideration, in-
cluding end-organ function, age, sex, frailty, and need 
for concomitant procedures. The ongoing Early-VAD 
(NCT02387112) and Swedish evaluation of LVAD (SweVAD) 
(NCT02592499) trials will provide answer to this unmet 
need.

The decision pathway leading to HTx or LVAD is never 
straightforward and is unique for each patient. Eligibility 
may change even over time, in a different manner from 
patient to patients.

Factors patient unrelated, such as time on HTx waiting 
list, centre’s surgical experience, resources and policies 
can influence decision-making, surgical timing, and thera-
peutic strategies.

C. Total artificial heart (TAH)
TAH is a form of MCS where the patient’s native ventricles 
and valves are explanted to be replaced by a pneumatical-
ly powered artificial heart. Due to the shortage of organ 
donation and the contraindications limiting LVAD implant-
ation (e.g. right ventricular failure), TAH therapy was 
initially looked over with enthusiasm, allowing the man-
agement of end-stage biventricular heart failure. 
However, the adverse event rate for TAH patients exceeds 
the one of patients treated with LVAD alone.26

Great hope has been placed in the CARMAT TAH (C-TAH). 
This device has three features that allow a physiological 
simulation, being a masterpiece of biomedical engineer-
ing: it is blood-compatible for the use of bovine pericar-
dium, it is pulsatile because of hydraulic pumps 
mimicking systole and diastole and it is capable of self- 
regulating towards the physiological needs of the patient.

Even if the C-TAH appears to simulate heart physiology, 
ongoing clinical trials will clarify the effective advantages 
of this device.

Conclusion

AHF is characterized by refractory severe HF symptoms 
and frequent episodes of decompensation despite the at-
tempts of optimizing GDMT.

Selected patients may be eligible for advanced treat-
ment strategies such as MCS and HTx, the first step being 
the prompt referral of patients ‘at risk’ to the AHF centre.

The most recent ESC guidelines focus on the ‘triage of HF’, 
in order to provide timely referral and adequate therapies.

For patients who will not be candidates for long-term 
AHF therapies such as LVAD or HTx, a palliative strategy 
to reduce symptoms, improve quality of life, and reduce 
the burden of hospitalization should be emphasized.
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