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STAGE	A

At	high	risk,	no	
structural	disease

STAGE	B

Structural	heart	
disease,	

asymptomatic

STAGE	C

Structural	heart	disease	
with	prior/current	
symptoms	of	HF

STAGE	D

Refractory	HF	
requiring	specialized	

interventions

Symptoms	and	signs	of	severe	HF
a) Dyspnoea	and/or	 fatigue	at	rest	or	with	minimal	exertion	(NYHA	III	or	IV)
b) Episodes	of	fluid	 retention	(…)	and/or	of	reduced	cardiac	output	at	rest	

(peripheral	hypoperfusion)
Objective	evidence	of	severe	cardiac	dysfunction

a) LVEF	<	30%
b) PCWP	>	16	mmHg	and/or	RAP	>	12	mmHg
c) High	BNP	or	NT-ProBNP

Severe	impairment	of	exercise	capacity
3. PVO2	max	<	12	to	14	ml/Kg/min
4. 6-MWT	<	300	m
5. Inability	to	exercise

History	of	≥	1	HF	hospitalisation	in	the	past	6	months





• Sig G.R.	23aa	
• Gennaio	1985	Diagnosi	di	CM	dilatativa
• Settembre	1985	Candidato	a	TxC
• Novembre	1985	Trapianto	Cardiaco	Ortotopico
– Donatore	di	18	aa	deceduto	per	TC

• Ultimo	follow up	Febbraio	2017	(32aa)
– 55aa
– Normale	funzione	del	graft
– PTCA	su	CD	(2005)
– IRC

CASO	CLINICO	1





CASO	CLINICO	2

• Sig R.C.	58aa

• 12/2009	IMA	anteriore	esteso	tardivoà PTCA	IVA

• Evoluzione	ipocinetico-dilatativa	FE	0,24

• 1/2010	impianto	ICD

• 4/2010	shock	cardiogeno	FE	0,16	à trasferito

• PTCA	IVA	media,	CX,	TC	à FE	0,30
• Cat dx:	AD	0;	PAP	23/4/15;	WP	10;	CI	1,9;	PVRI	2,6

• Screening	TxC



CASO	CLINICO	2

• 7/2010	ricovero	per	SCCà cicli	di	levosimendan.

• 9/2010à deterioramento	clinico

• Cat Dx:	AD	10;	PAP	60/27/40;	WP	34;	CI	1,7;	PVRI	3,5	

AD	6;			PAP	34/16/23;		WP	17;	CI	1,8;	PVRI	3,2

• 30/9/2010	Candidato	a	TxC

• 11/10/2010	impianto	LVAD	Heart Mate	II

• 8/1/2017	TxC IN	EMERGENZA	(66aa)
– (Trombosi	di	LVAD)	dopo	7	anni	in	assistenza	VS
– Donatore	di	58aa	deceduto	per	ESA



Ø 23	aaà TxC dopo	6	mesi

Ø Donatore	di	18	aa

Ø 58	aaà TxC a	66	aa
PTCA-T.M.-ICD-Levosimendan-LVAD	

Ø Donatore	di	58	aa

CASO	CLINICO	2CASO	CLINICO	1



ICD CRT BOLLING VENTRICOLOPLASTICA MITRACLIP

DIAGNOSI
DIURETICO
DIGITALE
NITRATO

INSUFFICIENZA
CARDIACA
TERMINALE

INSUFFICIENZA
CARDIACA
TERMINALE

DIAGNOSI ACE-I β	BLOCCANTI ARB ANTI	
ALDOSTERONICI ARNIIVABRADINA
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Improved Survival of Patients With End-Stage
Heart Failure Listed for Heart Transplantation
Analysis of Organ Procurement and Transplantation Network/
U.S. United Network of Organ Sharing Data, 1990 to 2005

Katherine Lietz, MD, PHD, Leslie W. Miller, MD

Washington, DC

Objectives We sought to investigate the actual survival of patients with end-stage heart failure listed for heart transplanta-
tion (HT) in the U.S.

Background The United Network of Organ Sharing (UNOS) reported that the mortality rates on the U.S. HT waiting list have
been gradually declining. This suggests that the survival of these patients may have improved.

Methods The survival censored on the day of HT or removal from the waiting list was calculated for 18,004 UNOS status 1
and 30,978 status 2 candidates listed in eras I (1990 to 1994), II (1995 to 1999), and III (2000 to 2005) in the
U.S. The Cox proportional model was employed for multivariable analysis.

Results The 1-year survival on the HT waiting list improved from 49.5% to 69.0% for status 1 and from 81.8% to 89.4%
for status 2 candidates between eras I and III. The predictors of death within 2 months from listing of status 1
candidates included UNOS status 1A, mechanical ventilation, inotropic and intra-aortic balloon pump support,
pulmonary capillary wedge pressure !20 mm Hg and serum creatinine !1.5 mg/dl, failed HT, valvular cardio-
myopathy, age !60 years, Caucasian ethnicity, and weight !70 kg, as well as the lack of intracardiac
cardioverter-defibrillator on the day of listing.

Conclusions Survival of HT candidates on the waiting list has significantly improved. Survival of status 1 candidates continues
to depend on urgent HT. Predictors of 2-month mortality may help identify status 1 candidates who warrant the
highest priority for HT and/or mechanical circulatory support. The 1-year survival of status 2 candidates ap-
proaches outcomes of HT, thus raising the question of whether early listing of some of these patients is justified.
(J Am Coll Cardiol 2007;50:1282–90) © 2007 by the American College of Cardiology Foundation

Heart transplantation (HT) is the only therapy proven to
provide the greatest survival benefit in patients with end-
stage heart failure (1,2). However, liberal expansion of HT

See page 1291

has been limited by a continued shortage of available
donor organs. During the last 2 decades, the number of
patients awaiting HT reached its historical high when
7,602 patients were listed in 1998 and only 2,211
transplants were performed (3). The continued disparity
between the number of HT candidates and the limited

supply of donor organs was associated with longer time
spent on the national waiting list by an average HT
candidate. At the end of 2005, 48% of HT candidates had
spent more than 2 years on the waiting list, compared
with 17% in 1993 (4).

According to the recent report of the United Network
of Organ Sharing (UNOS) (3), the increasing length of
time spent by an average candidate on HT waiting list did
not result from a larger number of listed candidates or
longer waiting times for HT. In contrary, the number of
new candidates decreased from 3,877 to 2,833 and the
median waiting time for HT shortened from 354 to 130
days between 1996 and 2005. These observations suggest
that the survival of patients referred for HT may have
substantially improved. Indeed, since the 1990s, the
mortality rates on HT waiting list decreased from 227.4
per 1,000 patient-years at risk for candidates listed in
1996, to the historically lowest level of 152.3 noted for
those listed in 2005 (3).
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for p ! 0.05. Values are reported as mean " SD. Data were
analyzed using the SAS System software version 7.0 (SAS
Institute, Inc., Cary, North Carolina).

Results

Listing trends of HT candidates. As illustrated in Figure 3,
the number of UNOS status 1 candidates enrolled on HT
waiting lists increased from 836 patients in 1990 to 1,159
patients in 2005. During the same period of time, the
number of patients listed as UNOS status 2 decreased from

2,332 patients listed in 1990 to 1,147 patients listed in 2005.
These trends were associated with an increased proportion
of the listed-to-transplanted HT candidates per calendar
year from 41% in 1990 to 77% in 2005.
Eras of listing and characteristics of HT candidates. The
demographic characteristics of UNOS status 1 and UNOS

Figure 1 The Actuarial Survival on the U.S. Heart
Transplant Waiting List: Years 1990–2005

The actuarial survival on the heart transplant waiting list was calculated for
18,004 United Network of Organ Sharing (UNOS) status 1 candidates (A) and
30,978 UNOS status 2 candidates (B) listed between years 1990 and 2005 in
the U.S. The results were stratified by 3 eras of listing: I (years 1990–1994), II
(years 1995–1999), and III (years 2000–2005), respectively. The analyses
were censored at time of transplantation, removal from the waiting list due to
worsening or improvement of condition, or the day of last observation on June
1, 2006, and did not account for subsequent changes of UNOS status or tem-
porary inactivation of status.

Figure 2 The Survival of Candidates Who Did and Did Not
Undergo Heart Transplantation: Years 1990–2005

The actuarial survival of patients who did and did not undergo heart transplan-
tation was calculated for 18,004 United Network of Organ Sharing (UNOS) sta-
tus 1 candidates (A) and 30,978 UNOS status 2 candidates (B) listed
between years 1990 and 2005 in the U.S. The results were stratified by 3
eras of listing: I (years 1990–1994), II (years 1995–1999), and III (years
2000–2005), respectively. The survival was calculated from the day of listing
until death on the waiting list for patients who did not undergo transplantation
or death after heart transplantation. The analyses were censored at time of
removal from the waiting list due to worsening or improvement of condition or
the day of last observation on June 1, 2006, and did not account for subse-
quent changes of UNOS status or temporary inactivation of status.
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Figure 7.1 Therapeutic algorithm for a patient with symptomatic heart failure with reduced ejection fraction. Green indicates a class I recom-
mendation; yellow indicates a class IIa recommendation. ACEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker;
ARNI ¼ angiotensin receptor neprilysin inhibitor; BNP ¼ B-type natriuretic peptide; CRT ¼ cardiac resynchronization therapy; HF ¼ heart fail-
ure; HFrEF ¼ heart failure with reduced ejection fraction; H-ISDN ¼ hydralazine and isosorbide dinitrate; HR ¼ heart rate; ICD ¼ implantable
cardioverter defibrillator; LBBB ¼ left bundle branch block; LVAD ¼ left ventricular assist device; LVEF ¼ left ventricular ejection fraction; MR ¼
mineralocorticoid receptor; NT-proBNP ¼ N-terminal pro-B type natriuretic peptide; NYHA ¼ New York Heart Association; OMT ¼ optimal
medical therapy; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia. aSymptomatic ¼ NYHA Class II-IV. bHFrEF ¼ LVEF ,40%. cIf ACE
inhibitor not tolerated/contra-indicated, use ARB. dIf MR antagonist not tolerated/contra-indicated, use ARB. eWith a hospital admission for
HF within the last 6 months or with elevated natriuretic peptides (BNP . 250 pg/ml or NTproBNP . 500 pg/ml in men and 750 pg/ml in women).
fWith an elevated plasma natriuretic peptide level (BNP ≥ 150 pg/mL or plasma NT-proBNP ≥ 600 pg/mL, or if HF hospitalization within recent
12 months plasma BNP ≥ 100 pg/mL or plasma NT-proBNP ≥ 400 pg/mL). gIn doses equivalent to enalapril 10 mg b.i.d. hWith a hospital admis-
sion for HF within the previous year. iCRT is recommended if QRS ≥ 130 msec and LBBB (in sinus rhythm). jCRT should/may be considered if
QRS ≥ 130 msec with non-LBBB (in a sinus rhythm) or for patients in AF provided a strategy to ensure bi-ventricular capture in place (individua-
lized decision). For further details, see Sections 7 and 8 and corresponding web pages.
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Patients with active infection, severe renal, pulmonary or hepatic
dysfunction or uncertain neurological status after cardiac arrest or
due to cardiogenic shock are not usually candidates for BTT or
DT but may be candidates for BTC (Table 13.3).

Recommendations for implantation of mechanical
circulatory support in patients with refractory heart
failure

Recommendations Class a Level b Ref c

An LVAD should be considered in 
patients who have end- stage HFrEF 
despite optimal medical and device 
therapy and who are eligible for 
heart transplantation in order 
to improve symptoms, reduce the 
risk of HF hospitalization and the 
risk of premature death (Bridge to 
transplant indication).

IIa C

An LVAD should be considered in 
patients who have end-stage HFrEF 
despite optimal medical and device 
therapy and who are not eligible for 
heart transplantation to, reduce the 
risk of premature death.

IIa B 605, 612, 
613

HF ¼ heart failure; HFrEF ¼ heart failure with reduced ejection fraction; LVAD ¼
left ventricular assist device.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting levels of evidence.

13.2 Heart transplantation
Heart transplantation is an accepted treatment for end-stage
HF.614,615 Although controlled trials have never been conducted,
there is a consensus that transplantation—provided that proper se-
lection criteria are applied—significantly increases survival, exercise
capacity, quality of life and return to work compared with conven-
tional treatment.

Apart from the shortage of donor hearts, the main challenges in
transplantation are the consequences of the limited effectiveness
and complications of immunosuppressive therapy in the long term
(i.e. antibody-mediated rejection, infection, hypertension, renal fail-
ure, malignancy and coronary artery vasculopathy). The indications
for and contraindications to heart transplantation have recently
been updated and are summarized in Table 13.4.616 It needs to be
considered that some contraindications are transient and treatable.
While an active infection remains a relative contraindication to heart
transplantation, patients with HIV, hepatitis, Chagas disease and tu-
berculosis can be considered as suitable candidates provided certain
strict management principles are adhered to by the teams. In pa-
tients with cancer requiring heart transplantation, a close collabor-
ation with oncology specialists should occur to stratify each patient
as to their risk of tumour recurrence.616

Table 13.3 Patients potentially eligible for
implantation of a left ventricular assist device

Patients with >2 months of severe symptoms despite optimal 
medical and device therapy and more than one of the following:

LVEF <25% and, if measured, peak VO2 <12 mL/kg/min.

≥3 HF hospitalizations in previous 12 months without an obvious 
precipitating cause.

Dependence on i.v. inotropic therapy.

Progressive end-organ dysfunction (worsening renal and/or hepatic 

pressure (PCWP ≥20 mmHg and SBP ≤80–90 mmHg or CI ≤2 L/min/m2).

Absence of severe right ventricular dysfunction together with severe 
tricuspid regurgitation.

CI ¼ cardiac index; HF ¼ heart failure; i.v. ¼ intravenous; LVEF ¼ left ventricular
ejection fraction; PCWP ¼ pulmonary capillary wedge pressure; SBP ¼ systolic
blood pressure; VO2 ¼ oxygen consumption.

Table 13.4 Heart transplantation: indications and
contra-indications

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 postoperatively.

Contra-
indications

Active infection.
Severe peripheral arterial or cerebrovascular disease.
Pharmacologically irreversible pulmonary hypertension 
(LVAD should be considered with a subsequent re-
evaluation to establish candidacy).
Cancer (a collaboration with oncology specialists 
should occur to stratify each patient as to their risk of 
tumour recurrence).
Irreversible renal dysfunction (e.g. creatinine clearance 
<30 mL/min).
Systemic disease with multi-organ involvement.
Other serious co-morbidity with poor prognosis.
Pre-transplant BMI >35 kg/m2 (weight loss is 
recommended to achieve a BMI <35 kg/m2).
Current alcohol or drug abuse.
Any patient for whom social supports are deemed 

setting.

BMI ¼ body mass index; HF ¼ heart failure; LVAD ¼ left ventricular assist device.
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Volkmar Falk (Germany), José Ramón González-Juanatey (Spain), Veli-Pekka Harjola
(Finland), Ewa A. Jankowska (Poland), Mariell Jessup (USA), Cecilia Linde (Sweden),
Petros Nihoyannopoulos (UK), John T. Parissis (Greece), Burkert Pieske (Germany),
Jillian P. Riley (UK), Giuseppe M. C. Rosano (UK/Italy), Luis M. Ruilope (Spain),
Frank Ruschitzka (Switzerland), Frans H. Rutten (The Netherlands),
Peter van der Meer (The Netherlands)
Document Reviewers: Gerasimos Filippatos (CPG Review Coordinator) (Greece), John J. V. McMurray (CPG Review
Coordinator) (UK), Victor Aboyans (France), Stephan Achenbach (Germany), Stefan Agewall (Norway),
Nawwar Al-Attar (UK), John James Atherton (Australia), Johann Bauersachs (Germany), A. John Camm (UK),
Scipione Carerj (Italy), Claudio Ceconi (Italy), Antonio Coca (Spain), Perry Elliott (UK), Çetin Erol (Turkey),
Justin Ezekowitz (Canada), Covadonga Fernández-Golfı́n (Spain), Donna Fitzsimons (UK), Marco Guazzi (Italy),

* Corresponding authors: Piotr Ponikowski, Department of Heart Diseases, Wroclaw Medical University, Centre for Heart Diseases, Military Hospital, ul. Weigla 5, 50-981 Wroclaw,
Poland, Tel: +48 261 660 279, Tel/Fax: +48 261 660 237, E-mail: piotrponikowski@4wsk.pl.

Adriaan Voors, Cardiology, University of Groningen, University Medical Center Groningen, Hanzeplein 1, PO Box 30.001, 9700 RB Groningen, The Netherlands, Tel: +31 50 3612355,
Fax: +31 50 3614391, E-mail: a.a.voors@umcg.nl.

ESC Committee for Practice Guidelines (CPG) and National Cardiac Societies document reviewers: listed in the Appendix.

ESC entities having participated in the development of this document:

Associations: Acute Cardiovascular Care Association (ACCA), European Association for Cardiovascular Prevention and Rehabilitation (EACPR), European Association of
Cardiovascular Imaging (EACVI), European Heart Rhythm Association (EHRA), Heart Failure Association (HFA).

Councils: Council on Cardiovascular Nursing and Allied Professions, Council for Cardiology Practice, Council on Cardiovascular Primary Care, Council on Hypertension.

Working Groups: Cardiovascular Pharmacotherapy, Cardiovascular Surgery, Myocardial and Pericardial Diseases, Myocardial Function, Pulmonary Circulation and Right Ventricular
Function, Valvular Heart Disease.

The content of these European Society of Cardiology (ESC) Guidelines has been published for personal and educational use only. No commercial use is authorized. No part of the ESC
Guidelines may be translated or reproduced in any form without written permission from the ESC. Permission can be obtained upon submission of a written request to Oxford
University Press, the publisher of the European Heart Journal and the party authorized to handle such permissions on behalf of the ESC (journals.permissions@oup.com).

Disclaimer. The ESC Guidelines represent the views of the ESC and were produced after careful consideration of the scientific and medical knowledge and the evidence available at
the time of their publication. The ESC is not responsible in the event of any contradiction, discrepancy and/or ambiguity between the ESC Guidelines and any other official recom-
mendations or guidelines issued by the relevant public health authorities, in particular in relation to good use of healthcare or therapeutic strategies. Health professionals are encour-
aged to take the ESC Guidelines fully into account when exercising their clinical judgment, as well as in the determination and the implementation of preventive, diagnostic or
therapeutic medical strategies; however, the ESC Guidelines do not override, in any way whatsoever, the individual responsibility of health professionals to make appropriate and
accurate decisions in consideration of each patient’s health condition and in consultation with that patient and, where appropriate and/or necessary, the patient’s caregiver. Nor
do the ESC Guidelines exempt health professionals from taking into full and careful consideration the relevant official updated recommendations or guidelines issued by the competent
public health authorities, in order to manage each patient’s case in light of the scientifically accepted data pursuant to their respective ethical and professional obligations. It is also the
health professional’s responsibility to verify the applicable rules and regulations relating to drugs and medical devices at the time of prescription.

The article has been co-published with permission in European Heart Journal and European Journal of Heart Failure. All rights reserved in respect of European Heart Journal.
& European Society of Cardiology 2016. All rights reserved. For permissions please email: journals.permissions@oup.com.

European Heart Journal
doi:10.1093/eurheartj/ehw128

 European Heart Journal Advance Access published May 20, 2016

 by guest on M
ay 28, 2016

http://eurheartj.oxfordjournals.org/
D

ow
nloaded from

 
ESC GUIDELINES

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure
The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

Developed with the special contribution of the Heart Failure
Association (HFA) of the ESC

Authors/Task Force Members: Piotr Ponikowski* (Chairperson) (Poland),
Adriaan A. Voors* (Co-Chairperson) (The Netherlands), Stefan D. Anker (Germany),
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Figure 6.9  Dynamics of the Eurotransplant heart waiting list and transplants between 1991 and 2015

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Active waiting list 499 552 672 723 709 744 744 721 609 489 424 423 568 728 882 920 959 1007 1152 1193 1251 1262 1268 1152 1157

Heart transplants 806 753 773 696 732 759 782 759 708 623 596 580 570 553 542 555 577 557 561 615 577 588 575 626 600
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4.    
Eurotransplant: donation, 
waiting lists and transplants

DONATION

Table 4.1 Number of deceased donors used for a transplant, by donor country, from 2011 to 2015

Donor country Population 
(millions)

2011 2012 2013 2014 2015 pmp 2014/2015

A Austria 8.6 195 191 187 207 196 22.9 -5.3 %

B Belgium 11.3 321 320 306 282 315 28.0 11.7 %

HR Croatia 4.2 144 147 138 143 159 37.6 11.2 %

D Germany 81.2 1176 1024 865 851 863 10.6 1.4 %

H Hungary 9.9  62 125 199 174 17.7 -12.6 %

L Luxembourg 0.6 9 4 8 4 3 5.3 -25.0 %

NL Netherlands 16.9 221 252 255 271 265 15.7 -2.2 %

SLO Slovenia 2.1 31 46 45 43 53 25.7 23.3 %

ET 134.6 2097 2046 1929 2000 2028 15.1 1.4 %

Non-ET Non-ET  93 60 46 41 35  -14.6 %

Total 2190 2106 1975 2041 2063 1.1 %

* Hungary: only counting donors where organs were allocated by Eurotransplant

Number of deceased donors per million population

2014 2015

14.9 15.1

Eurotransplant

16.1 15.7

Netherlands

25.2
28.0

Belgium

7.3 5.3
Luxembourg

10.5 10.6

Germany

24.3 22.9

Austria

20.9
25.7
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***
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In 2005, the International Society for Heart and Lung
Transplantation (ISHLT) Board of Directors commissioned
the development of the first International Listing Criteria for
Heart Transplantation, published in 2006.1 Subsequently,
the ISHLT commissioned a focused update to concentrate
on evolving areas of importance, not fully addressed
previously. These include congenital heart disease (CHD),
restrictive cardiomyopathy, and infectious diseases. In
addition, we undertook a review of all 2006 guidelines to
update those where new information was evident or
evolution in practice demanded significant changes.

Section I (general considerations): A review
and revision of the 2006 guideline

All recommendations from the prior guideline were
reviewed and the details of the older and newer versions
are comprehensively summarized in Table 1. Specific areas
of changes are discussed with the supporting evidence.

Please note that the numeric categorization has been
adjusted to coincide with the 2006 guidelines as closely
as possible.

1.1. Cardiopulmonary stress testing

The 2006 recommendations for cardiopulmonary stress
testing remain unchanged in the 2016 version, with the
exception of an additional comment on cardiac resynchro-
nization therapy (CRT) devices.

Recommendation: The presence of a CRT device does
not alter the current peak volume of oxygen consump-
tion (VO2) cutoff recommendations (Class I, Level of
Evidence: B).

Evidence from the Comparison of Medical Therapy,
Pacing, and Defibrillation in Heart Failure (COMPANION)
trial has shown that despite improvements in New York
Heart Association Functional Classification or 6-minute
walk test distance, CRT did not have an effect on the
predictability of peak VO2 on adverse cardiac events.2

A more recent retrospective study evaluated the predict-
ability of peak VO2 in patients undergoing evaluation for
heart transplantation (HT) with an implantable cardioverter
defibrillator (ICD), CRT, or both (CRT-D) devices. This
study suggested that a peak VO2 r 10 ml/kg/min rather than
the traditional cutoff value of r 14 ml/kg/min may be more
useful for risk stratification in the device era.3 At this time,
we feel that using currently accepted peak VO2 values are
appropriate when taken into context with the rest of the data
collected during the evaluation process.

http://www.jhltonline.org

1053-2498/$ - see front matter r 2016 International Society for Heart and Lung Transplantation. All rights reserved.
http://dx.doi.org/10.1016/j.healun.2015.10.023

E-mail address: amanda.rowe@ishlt.org

Reprint requests and author affiliations can be obtained from: Amanda
Rowe, Executive Director, ISHLT, 14673 Midway Rd, Ste 200, Addison,
TX 75001.

• Sepsis.

• Severe	vasculopathy.

• Irreversible pulmonary hypertension.

• Cancer.

• Irreversible renal dysfunction (e.g.	creatinine	clearance	<30	mL/min).

• Systemic disease with	multi-organ involvement.

• Pre-transplant BMI	>35	kg/m2.

• Current alcohol or	drug abuse.
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Ø Advanced	age (>70)
Ø Mild renal and	liver disease
Ø Obesity or	malnutrition
Ø Active	systemic infection
Ø Mild peripheral vascular disease
Ø Diabetes mellitus with	end	organ damage
Ø Impaired cognitive	function
Ø Lack of	social	support
Ø Osteoporosis
Ø Prior LV	surgery
Ø Reversible Pulmonary Hypertension
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Frailty and the Selection of Patients for Destination Therapy
Left Ventricular Assist Device

Kelsey M. Flint, MD; Daniel D. Matlock, MD, MPH; JoAnn Lindenfeld, MD; Larry A. Allen, MD, MHS

Frailty is the aggregation of subclinical physiological
insults across many organ systems resulting in a syn-

drome of heightened vulnerability in the face of stress.
Measures of frailty are highly predictive of adverse outcomes
in many medical and surgical populations but have never
been formally applied to patient selection for destination
therapy left ventricular assist device (LVAD). Patients with
severe heart failure being considered for destination therapy
LVAD often have advanced age or noncardiac morbidity that
renders them ineligible for transplantation. At the same time,
these patients should have reasonable life expectancy to
adequately realize the benefits of LVAD. As such, destination
therapy LVAD-eligible patients are in a precariously narrow
state of health often marked by a high degree of frailty.
However, distinguishing frailty that will reverse with LVAD
therapy (LVAD-responsive frailty) from frailty that will not
(LVAD-independent frailty) is challenging. In this review,
we summarize existing tools for destination therapy LVAD
patient selection, define the syndrome of frailty, propose a
conceptual distinction between LVAD-responsive frailty and
LVAD-independent frailty, extrapolate the existing frailty
literature to destination therapy LVAD-eligible patients, and
identify directions for future research, including systematic
collection of preoperative gait speed in this patient
population.

Left ventricular assist devices (LVADs) for destination
therapy (DT) are increasingly used in patients with advanced
heart failure with reduced left ventricular ejection fraction
who are ineligible for heart transplantation.1,2 The most
common reason for heart transplant ineligibility is advanced
age, although pulmonary hypertension, renal failure, recent
cancer diagnosis, and diabetes mellitus with end-organ dam-
age are also exclusion criteria.3 Therefore, DT LVAD candi-
dates are older (mean age, 61.7 years for DT compared with
52.7 years for all other ventricular assist devices) and have
significantly worse multimorbidity than other ventricular
assist device candidates.3 Advanced heart failure itself leads
to considerable morbidity, including exercise impairment,
muscle wasting, and cognitive dysfunction. This combination

of advanced age, comorbid disease, and heart failure-related
morbidity often leads to the syndrome of frailty.

Frailty is defined as impairment in multiple, interrelated
organ systems causing decreased homeostatic reserve and
increased vulnerability to stress.4,5 Measures of frailty, even
after adjustment for age and comorbidity, are highly predic-
tive of death, incident disability, and hospitalization in
patients with heart disease6–13 and those undergoing cardiac
surgery.14–16 Application of objective measures of frailty to
the related area of mechanical circulatory support is a logical
extension of this novel prognostic domain. However, LVAD
implantation presents a unique situation in which 1 of the
major potential underlying causes of frailty—left ventricular
dysfunction—can be reversed by the surgical procedure. This
raises several important questions about the use of existing
frailty measures applied to the LVAD setting. This article
reviews the potential role of frailty in patient selection for DT
LVAD.

Current Status of Patient Selection in DT LVAD
The mortality, morbidity, and costs of LVAD therapy are
substantial. Although survival and cost-effectiveness con-
tinue to improve over time,17,18 calculated 2-year actuarial
survival in the HeartMate II DT trial was only 58%, and the
rate of disabling stroke was 11% per year.1 Additionally,
5-year cost is estimated at $360 000.19 Therefore, judicious
application of DT LVAD to carefully selected patients is
critical. Despite the importance of patient selection, the
survival rate of patients undergoing placement of first-
generation pulsatile LVADs was static over the decade they
were most commonly used.1,2 This suggests that improve-
ments in DT LVAD outcomes have come primarily from
advances in device technology and not from refinements in
patient selection.

Although the Centers for Medicare and Medicaid Services
have published strict criteria for DT LVAD eligibility20 and
several risk assessment tools have been developed to predict
postoperative complications and mortality (Table 1), choosing
the optimal patient for DT LVAD remains a crudely defined art.
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extension of this novel prognostic domain. However, LVAD
implantation presents a unique situation in which 1 of the
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dysfunction—can be reversed by the surgical procedure. This
raises several important questions about the use of existing
frailty measures applied to the LVAD setting. This article
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survival in the HeartMate II DT trial was only 58%, and the
rate of disabling stroke was 11% per year.1 Additionally,
5-year cost is estimated at $360 000.19 Therefore, judicious
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survival rate of patients undergoing placement of first-
generation pulsatile LVADs was static over the decade they
were most commonly used.1,2 This suggests that improve-
ments in DT LVAD outcomes have come primarily from
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TREATMENT HTX LVAD INOTROPES

Main limiting factor donors money efficacy
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contraindications
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Symptomatic benefit	vs	
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Survival benefit	vs	standard	
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Level Description Number of implants Number of deaths Estimated 1-year survival (%)

1 Critical Cardiogenic shock 481 121 65

2 Progressive decline 514 102 72

3 Stable but inotrope-dependent 172 20 82

4 Recurrent advanced HF 116 16 75

5 Exertion intolerant 78 16 72

6 Exertion limited 78 16 72

7 Advanced NYHA III 78 16 72

Overall 1361 275 73
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small	hypertrophic LV,	prior LV	surgery X

-Severe	pulmonary hypertension X
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-Recent cancer hystory X
-Severe	renal failure X X
-Significant Liver dysfunction X X
-Significant COPD X

-Significant peripheral vasculopathy X X

LVAD	vs	HTx



Patient with	refractory heart failure

• NYHA	Class	III-IV
• Advance	Cardiomyopathy
• 1-2	HF	hospitalization in	the	last	year
• Optimal medical therapy
• No	significant comorbidities
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….ALLA FINE…. QUANDO 
INVIARE UN PAZIENTE ?

Conclusione	1	



………..only after they have undergone optimization of	medical,	
surgical,	and	device therapy.	



1. Intolerance of	beta-blockers and/or	ACE	I/ARB

2. High	diuretic requirement

3. Persistence of	elevated BNP/NT	proBNP

4. Recurrent hospitalizations

5. Need for	inotropes.

6. Hyponatremia

7. Progressive	renal insufficiency

RED	FLAGS	in	Advanced	Heart Failure

Oliva	F.	et	al.	Giornale	Italiano	di	Cardologia ,	2008



FIGURE 1.
Pathway for the selection of patients for referral for advanced heart failure therapies. HIV,
human immunodeficiency virus; ICD, implantable cardioverter-defibrillator; NYHA, New
York Heart Association.
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Abstract
Despite advances in medical therapy for chronic heart failure (HF), advanced HF carries a dismal
prognosis. Options such as transplantation and durable mechanical circulatory support have
greatly improved outcomes for these patients, but their introduction has introduced signifcant
complexity to patient management. Although much of this management occurs at specialized heart
transplant centers, it is the responsibility of the primary cardiologist of the patient with advanced
HF to refer patients at the appropriate time and to help them navigate the difficult decisions related
to the pursuit of advanced therapies. We present a unique pathway that incorporates guidelines,
recent data, and expert opinion to help general cardiologists determine which patients should be
referred for transplantation or durable mechanical circulatory support, and when they should be
referred. Decision making on referral to the heart transplant center is also summarized.

Keywords
advanced heart failure; cardiac transplantation; mechanical circulatory support; critical pathway

Advances in medical therapy for chronic, ambulatory heart failure (HF) have improved
survival but simultaneously increased the number of patients with refractory, advanced
disease. These patients typically have limiting HF symptoms at rest, and thus require
frequent hospitalizations. Advanced HF carries a dismal prognosis, with up to 75% of
patients dying within 6 months despite optimal medical therapy.1–3 The gold standard for
management of advanced HF is cardiac transplantation, with 1-year survival approaching
90% and 11-year survival of 50%;4 however, only ~2200 hearts are transplanted each year
in the United States, far too few for the more than 100,000 patients who may meet criteria
for cardiac transplantation.4 Because of the scarcity of donor organs, transplant eligibility is
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Patients with	chronic,	ambulatory,	advance HF

Reversible cause	excluded?
Medical management	and	device therapy optimized?

Does this patient meet any of	following
criteria for	transplant?

Reversible Cause	of	Heart Failure
• Ongoing ischemia
• Valvular disease
• Arrythmias
• Toxins
• Endocrinopathies

No	clinical
improvement

Clinical
improvement

Exclude and	
Optimized

Re-evaluetedevery 6-12	months
or	with	changes in	symptoms

YES

NO

NO

YES

Is there evidence of	additional end-organ failure?
Is there an	incresase burden of	arrythmias and/or	ICD	shock?
Is peack VO2 <	12	and	VE/VCO2 slope >	43?
Is 6-minute	walk distance decreasing?
Is CI	<	1,8	l/min2 on	right	heart catheterization?



YES

NO

YES NO

Are	absolute contraindications to	transplant present?

Is the	patient interested in	pursuing transplant?

REFER	TO	CARDIAC	TRANSPLANT	CENTRE	

CONTRAINDICATIONS
• Active	infection
• Severe	vascular disease
• Irreversible pulmonary

hypertension
• Cancer
• Irreversible renal dysfunction
• Systemic disease with	multi-

organ involvement
• BMI	>	35Kg/m2

• Current alcohol or	drug abuse
• Non	compliance

CONSIDER:
• Destination LVAD	Therapy
• Palliative	care,													

including home	inotropes
• Clinical trials	for	new	therapy

Determine why and	educate	
about options
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Paziente	in	terapia	Infusionale

Patients with	acute	severe	cardiac
decompensation may be	referred for	
evaluation when there is failure to	respond
to	conventional therapies,	and	where the	
primary process is cardiac,	in	the	absence of	
irreversible failure of	other organ systems.	
Examples would include	documented
dependence on	IV	inotropic support to	
maintain adequate organ perfusion.	



for p ! 0.05. Values are reported as mean " SD. Data were
analyzed using the SAS System software version 7.0 (SAS
Institute, Inc., Cary, North Carolina).

Results

Listing trends of HT candidates. As illustrated in Figure 3,
the number of UNOS status 1 candidates enrolled on HT
waiting lists increased from 836 patients in 1990 to 1,159
patients in 2005. During the same period of time, the
number of patients listed as UNOS status 2 decreased from

2,332 patients listed in 1990 to 1,147 patients listed in 2005.
These trends were associated with an increased proportion
of the listed-to-transplanted HT candidates per calendar
year from 41% in 1990 to 77% in 2005.
Eras of listing and characteristics of HT candidates. The
demographic characteristics of UNOS status 1 and UNOS

Figure 1 The Actuarial Survival on the U.S. Heart
Transplant Waiting List: Years 1990–2005

The actuarial survival on the heart transplant waiting list was calculated for
18,004 United Network of Organ Sharing (UNOS) status 1 candidates (A) and
30,978 UNOS status 2 candidates (B) listed between years 1990 and 2005 in
the U.S. The results were stratified by 3 eras of listing: I (years 1990–1994), II
(years 1995–1999), and III (years 2000–2005), respectively. The analyses
were censored at time of transplantation, removal from the waiting list due to
worsening or improvement of condition, or the day of last observation on June
1, 2006, and did not account for subsequent changes of UNOS status or tem-
porary inactivation of status.

Figure 2 The Survival of Candidates Who Did and Did Not
Undergo Heart Transplantation: Years 1990–2005

The actuarial survival of patients who did and did not undergo heart transplan-
tation was calculated for 18,004 United Network of Organ Sharing (UNOS) sta-
tus 1 candidates (A) and 30,978 UNOS status 2 candidates (B) listed
between years 1990 and 2005 in the U.S. The results were stratified by 3
eras of listing: I (years 1990–1994), II (years 1995–1999), and III (years
2000–2005), respectively. The survival was calculated from the day of listing
until death on the waiting list for patients who did not undergo transplantation
or death after heart transplantation. The analyses were censored at time of
removal from the waiting list due to worsening or improvement of condition or
the day of last observation on June 1, 2006, and did not account for subse-
quent changes of UNOS status or temporary inactivation of status.
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Figure 2 The Survival of Candidates Who Did and Did Not
Undergo Heart Transplantation: Years 1990–2005

The actuarial survival of patients who did and did not undergo heart transplan-
tation was calculated for 18,004 United Network of Organ Sharing (UNOS) sta-
tus 1 candidates (A) and 30,978 UNOS status 2 candidates (B) listed
between years 1990 and 2005 in the U.S. The results were stratified by 3
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Improved Survival of Patients With End-Stage
Heart Failure Listed for Heart Transplantation
Analysis of Organ Procurement and Transplantation Network/
U.S. United Network of Organ Sharing Data, 1990 to 2005

Katherine Lietz, MD, PHD, Leslie W. Miller, MD

Washington, DC

Objectives We sought to investigate the actual survival of patients with end-stage heart failure listed for heart transplanta-
tion (HT) in the U.S.

Background The United Network of Organ Sharing (UNOS) reported that the mortality rates on the U.S. HT waiting list have
been gradually declining. This suggests that the survival of these patients may have improved.

Methods The survival censored on the day of HT or removal from the waiting list was calculated for 18,004 UNOS status 1
and 30,978 status 2 candidates listed in eras I (1990 to 1994), II (1995 to 1999), and III (2000 to 2005) in the
U.S. The Cox proportional model was employed for multivariable analysis.

Results The 1-year survival on the HT waiting list improved from 49.5% to 69.0% for status 1 and from 81.8% to 89.4%
for status 2 candidates between eras I and III. The predictors of death within 2 months from listing of status 1
candidates included UNOS status 1A, mechanical ventilation, inotropic and intra-aortic balloon pump support,
pulmonary capillary wedge pressure !20 mm Hg and serum creatinine !1.5 mg/dl, failed HT, valvular cardio-
myopathy, age !60 years, Caucasian ethnicity, and weight !70 kg, as well as the lack of intracardiac
cardioverter-defibrillator on the day of listing.

Conclusions Survival of HT candidates on the waiting list has significantly improved. Survival of status 1 candidates continues
to depend on urgent HT. Predictors of 2-month mortality may help identify status 1 candidates who warrant the
highest priority for HT and/or mechanical circulatory support. The 1-year survival of status 2 candidates ap-
proaches outcomes of HT, thus raising the question of whether early listing of some of these patients is justified.
(J Am Coll Cardiol 2007;50:1282–90) © 2007 by the American College of Cardiology Foundation

Heart transplantation (HT) is the only therapy proven to
provide the greatest survival benefit in patients with end-
stage heart failure (1,2). However, liberal expansion of HT

See page 1291

has been limited by a continued shortage of available
donor organs. During the last 2 decades, the number of
patients awaiting HT reached its historical high when
7,602 patients were listed in 1998 and only 2,211
transplants were performed (3). The continued disparity
between the number of HT candidates and the limited

supply of donor organs was associated with longer time
spent on the national waiting list by an average HT
candidate. At the end of 2005, 48% of HT candidates had
spent more than 2 years on the waiting list, compared
with 17% in 1993 (4).

According to the recent report of the United Network
of Organ Sharing (UNOS) (3), the increasing length of
time spent by an average candidate on HT waiting list did
not result from a larger number of listed candidates or
longer waiting times for HT. In contrary, the number of
new candidates decreased from 3,877 to 2,833 and the
median waiting time for HT shortened from 354 to 130
days between 1996 and 2005. These observations suggest
that the survival of patients referred for HT may have
substantially improved. Indeed, since the 1990s, the
mortality rates on HT waiting list decreased from 227.4
per 1,000 patient-years at risk for candidates listed in
1996, to the historically lowest level of 152.3 noted for
those listed in 2005 (3).
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The era of mechanical circulatory support (MCS) began in
1953 with the development of cardiopulmonary bypass

to facilitate open heart surgery.1 In 1964, the National Heart
Institute (now the National Heart, Lung, and Blood Institute)
funded the Artificial Heart Program and became actively
involved in MCS development. This led to requests for
Proposals issued in 1977 and 1980, which laid the foundation
for the development of implantable MCS for long-term use,
including devices capable of hospital discharge, in the 1990s.
Although heart transplantation is now commonplace at many
hospitals, the inadequate supply of donor hearts and patient
contraindications to transplantation continue to severely re-
strict its application. As the demand for long-term replace-
ment of diseased hearts increases, there is a clear need for
innovative, safe, and durable MCS to treat the growing
population of patients with advanced heart failure (HF).
Many exciting changes in the field of MCS have occurred in
the past few years, including the development of smaller
portable pumps and the concept of destination therapy (DT),

or permanent pump placement as an alternative to heart
transplantation. Currently, there are no published guidelines
for the use of MCS. Thus, it is our intent that this statement
will provide the contemporary cardiologist and other HF
providers with an understanding of general considerations
when determining the appropriateness of MCS.

Definition of Advanced HF
There is little hope that complete consensus will ever be
reached on the definition of advanced HF, but most physi-
cians caring for such patients on a regular basis readily
identify the characteristics of these patients. Advanced HF
patients are those with clinically significant circulatory com-
promise who require special care, including consideration for
heart transplantation, continuous intravenous inotropic ther-
apy, MCS, or hospice.2,3 Typically, such patients have symp-
toms at rest or with minimal exertion and cannot perform
many activities of daily living.3 Commonly used objective
measures of functional limitations include a peak Vȯ2 !14
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a result of multisystem organ failure. Placement of a long-
term MCS device for DT is not recommended in patients with
an uncertain neurological status, sepsis, major coagulopathy,
prolonged respiratory failure, irreversible major end-organ
failure, or right-side HF.77 The second annual report from
INTERMACS demonstrated that fewer emergency implanta-
tions are performed in hemodynamically unstable patients,
suggesting an emerging recognition of the mortality risk in
this group.78 A single-center study demonstrated an almost
3-fold improvement in survival after durable MCS for profile
3 and 4 patients compared with profile 1 and 2 patients
(P!0.05).76 Profile 6 or 7 patients, who by definition have
advanced NYHA class III symptoms, are, in general, consid-
ered too well for MCS on the basis of current data. However,
a clinical trial is now underway to investigate MCS in this
group.79 The INTERMACS classification scheme includes
modifiers for arrhythmia, frequent hospital admissions, and
temporary circulatory support, allowing increased consider-
ation for patients affected by those factors that accelerate the
risk of death. The HeartMate II LVAD is approved by the
FDA for NYHA class IIIb and IV symptoms (INTERMACS
profiles 1–5).

Evaluating Operative Risk
A complete risk assessment for MCS begins with evaluation
of HF acuity and severity, followed by assessment of comor-
bid conditions. Typically, the first step is determination of
whether the patient is a candidate for heart transplantation.
Discussion of heart transplantation candidacy is outside the
scope of this statement but is detailed in the International
Society for Heart and Lung Transplantation listing criteria.60

In general, selection criteria for patients being considered
for MCS therapy as BTT follow the selection criteria for heart
transplantation candidates. Selection criteria for MCS may be
more liberal than those for heart transplantation, in some
instances, in that one of the goals of MCS is stabilization or
reversal of organ dysfunction or comorbidities to increase the
likelihood of successful transplantation. Thus, reversible comor-
bidities that represent contraindications to heart transplantation
may not be contraindications to MCS. Candidates for MCS may
be subjected to less restrictive criteria in the hope that factors that
represent contraindications to transplantation such as end-organ
dysfunction, pulmonary hypertension, or nutritional deficiencies
will reverse with MCS. Patients considered for DT, by defini-
tion, have contraindications for heart transplantation. However,
17% of DT recipients achieve improvement or resolution of
contraindications to transplantation during MCS and ultimately
receive a heart transplantation.80

Several single-institution and multi-institution databases
provide descriptions of risk factors for mortality after MCS
implantation. These include the Columbia University/Cleve-
land Clinic risk factor selection,81 the revised screening
scales,74 the Muenster risk score, and INTERMACS.82 The
Lietz-Miller score (Table 9), a tool to assess longer-term
mortality, was devised to estimate the survival after implan-
tation of an LVAD for DT. Based on data from 280 patients
who underwent implantation of the pulsatile HeartMate XVE
LVAD from 2002 to 2005, multivariate analysis revealed 9
risk factors that predict mortality at 90 days.80 A score "19
defines a patient for whom surgery may be futile. This risk

Table 8. INTERMACS Clinical Profiles

Level Description Hemodynamic Status Time Frame for Intervention

1 Critical cardiogenic shock,
“crash and burn”

Persistent hypotension despite rapidly escalating inotropic support
and eventually IABP, and critical organ hypoperfusion

Within hours

2 Progressive decline on inotropic
support, “sliding on inotropes”

Intravenous inotropic support with acceptable values of blood
pressure and continuing deterioration in nutrition, renal function,
or fluid retention

Within days

3 Stable but inotrope dependent,
“dependent stability”

Stability reached with mild to moderate doses of inotropes but
demonstrating failure to wean from them because of hypotension,
worsening symptoms, or progressive renal dysfunction

Elective over weeks to
months

4 Resting symptoms, “frequent
flyer”

Possible weaning of inotropes but experiencing
recurrent relapses, usually fluid retention

Elective over weeks to
months

5 Exertion intolerant, housebound Severe limited tolerance for activity, comfortable at rest with
some volume overload and often with some renal dysfunction

Variable urgency, dependent on
nutrition and organ function

6 Exertion limited, “walking
wounded”

Less severe limited tolerance for activity and lack of volume
overload, fatigue easily

Variable urgency, dependent on
nutrition and organ function

7 Advanced NYHA III “symptoms,
placeholder”

Patient without current or recent unstable fluid balance, NYHA
class II or III

Not currently indicated

INTERMACS indicates Interagency Registry for Mechanically Assisted Circulatory Support; IABP, intra-aortic balloon pump; and NYHA, New York Heart Association.
Adapted from Alba et al.76

Figure 3. Optimal Timing for mechanical circulatory support.
NYHA indicates New York Heart Association; IM, INTERMACS
level.
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….COME CONTATTO IL 
CENTRO DI RIFERIMENTO ?

Conclusione	2	



If referring physicians have questions about their patients’	suitability
or	the	timing	of	referral for	cardiac transplant assessment,	the	
cardiac transplant program should be	contacted directly for	
discussion and	guidance.
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