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adaptive and maladaptive biochemical and func-
tional cardiac abnormalities.
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 ACE-inhibitor treat-
ment of asymptomatic high-risk patients with dia-
betes or vascular disease and no history of heart
failure has yielded significant reductions in the rates
of death, myocardial infarction, and stroke.
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 The
use of the angiotensin-receptor blocker losartan has
been shown to delay the first hospitalization for
heart failure in patients with diabetes mellitus and
nephropathy.
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 In short, the goal of treatment in
stage A is to prevent remodeling.

 

treatment of stage b, c, or d heart failure 
with or without symptoms

 

The goals of therapy for patients with heart failure
and a low ejection fraction are to improve survival,
slow the progression of disease, alleviate symptoms,
and minimize risk factors. Modifications of lifestyle

can be helpful in controlling the symptoms of heart
failure. For example, basic habits of moderate sodi-
um restriction, weight monitoring, and adherence
to medication schedules may aid in avoiding fluid
retention or alerting the patient to its presence.
Moderation of alcohol intake is advised; avoidance
of nonsteroidal antiinflammatory drugs (NSAIDs) is
also important.

 

47

 

 NSAIDs have been associated with
an increase in the incidence of new heart failure,
decompensated chronic heart failure, and hospital-
izations for heart failure. For selected patients, a
regularly scheduled exercise program may have
beneficial effects on symptoms.

 

48,49

 

 ACE inhibitors
decrease the conversion of angiotensin I to angio-
tensin II, thereby minimizing the multiple patho-
physiological effects of angiotensin II, and decrease
the degradation of bradykinin. Bradykinin promotes
vasodilatation in the vascular endothelium and

 

Figure 3. Stages of Heart Failure and Treatment Options for Systolic Heart Failure.

 

Patients with stage A heart failure are at high risk for heart failure but do not have structural heart disease or symptoms 
of heart failure. This group includes patients with hypertension, diabetes, coronary artery disease, previous exposure to 
cardiotoxic drugs, or a family history of cardiomyopathy. Patients with stage B heart failure have structural heart disease 
but have no symptoms of heart failure. This group includes patients with left ventricular hypertrophy, previous myocar-
dial infarction, left ventricular systolic dysfunction, or valvular heart disease, all of whom would be considered to have 
New York Heart Association (NYHA) class I symptoms. Patients with stage C heart failure have known structural heart 
disease and current or previous symptoms of heart failure. Their symptoms may be classified as NYHA class I, II, III, or 
IV. Patients with stage D heart failure have refractory symptoms of heart failure at rest despite maximal medical therapy, 
are hospitalized, and require specialized interventions or hospice care. All such patients would be considered to have 
NYHA class IV symptoms. ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, and VAD 
ventricular assist device.
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identifies a group of patients with compromised quality of life, poor prognosis, and a high risk of clinical events. These patients deserve
effective therapeutic options and should be potential targets for future clinical research initiatives.
© 2007 European Society of Cardiology. Published by Elsevier B.V. All rights reserved.
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1. Introduction: changing clinical characteristics of
heart failure

Untreated heart failure (HF) is usually a progressive
syndrome, characterised by worsening of symptoms, un-
planned hospital admission due to acute decompensation,
development of complications (e.g. atrial arrhythmias) and
short life-span.Neurohormonal antagonists slow (but probably
rarely prevent) this progression, thereby delaying death and
avoiding or postponing hospital admissions [1,2]. The effect of
these drugs on patients' symptoms is less well defined and that
on functional capacity less convincing [3,4]. Implantable
cardioverter defibrillators (ICDs) also reduce the risk of
sudden death, which causes a larger proportion of deaths in
patients with mild HF, compared to those with severe HF. In a
subset of patients with more severe symptoms, cardiac
resynchronisation therapy (CRT) has recently been shown to
offer further improvements in symptoms, mortality and
morbidity.

Despite the beneficial effects of neurohormonal antago-
nists, ICDs and CRT, many patients eventually progress to an
advanced stage, characterised by severely limiting symp-
toms, marked haemodynamic impairment, frequent hospita-
lisations and high mortality. The extension of life provided
by neurohormonal antagonists or the direct effect of these
drugs (or a combination of both) also seems to have led to
certain complications (e.g. anaemia and renal dysfunction)
becoming a prominent feature in the growing number of
long-term survivors with HF. This emerging cohort of
patients with advanced chronic heart failure (ACHF)
represents a new population for which additional treatment
is required.

Despite its growing importance, not enough is known
about the characteristics and optimal management of ACHF.
The aims of this document are to propose a clinical definition
of this condition and to describe its main characteristics.

This summary is based on a full document, which includes
more background information and further references. The full
report is available on the HFA, ESC website, http://www.
escardio.org/bodies/associations/HFA/ and should be used
when in doubt or when further information is required.

2. Definition of ACHF

2.1. Definition

ACHF may be defined as a chronic, but not necessarily
irreversible, condition. Regardless of its aetiology, it is usually
characterised by all the features shown in Table 1 [5–10].

A comparison with other classifications of HF is shown in
Fig. 1.

2.2. Comparison with previous definitions

In 1998, Adams and Zannad first defined advanced HF as
requiring a resting LVejection fraction (LVEF)b30% andNew
York Heart Association (NYHA) functional class III to IVor a
peak oxygen uptake (VO2)b14 ml/kg/min. Additional criteria
were also provided [11]. We believe that this definition should
be updated. It does not incorporate subsequent advances both
in diagnosis (plasma BNP and NT-ProBNP) and in treatment
(beta-blocker therapy). We believe that its two main criteria
(LVEFb30%, and peak VO2b14 ml/kg/min) do not justify a

Table 1
Definition of ACHF

1. Severe symptoms of HF with dyspnoea and/or
fatigue at rest or with minimal exertion (NYHA
functional class III or IV)

2. Episodes of fluid retention (pulmonary and/or
systemic congestion, peripheral oedema) and/or of
reduced cardiac output at rest
(peripheral hypoperfusion)

3. Objective evidence of severe cardiac dysfunction,
shown by at least one of the following:

a) A low LVEF (b30%),
b) A severe abnormality of cardiac function on
Doppler-echocardiography with a pseudonormal
or restrictive mitral inflow pattern [5];
c) High LV filling pressures (mean PCWPN16 mm
Hg, and/or mean RAPN12 mm Hg by
pulmonary artery catheterisation) [6],
d) High BNP or NT-ProBNP plasma levels, in the
absence of non-cardiac causes.

4. Severe impairment of functional capacity shown
by one of the following:

a) Inability to exercise,
b) 6-MWT distanceb300 m [7] or less in females
and/or patients aged!75 years [8]
c) peak VO2 b12 to 14 ml/kg/min [9,10]

5. History of !1 HF hospitalisation in the past
6 months

6. Presence of all the previous features despite
“attempts to optimise” therapy including diuretics,
inhibitors of the renin–angiotensin–aldosterone
system, and beta-blockers, unless these are poorly
tolerated or contraindicated, and CRT, when
indicated.

Abbreviations: ACHF, advanced chronic heart failure; NYHA, New York
Heart Association; LV, left ventricular; EF, ejection fraction; PCWP,
pulmonary capillary wedge pressure; RAP, right atrial pressure; BNP,
brain natriuretic peptide; NT, N-terminal; 6-MWT, 6-minute walk test; VO2,
oxygen consumption; CRT, cardiac resynchronisation therapy.
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supervivencia similares o superiores a los de otros paı́ses
desarrollados de nuestro entorno y el resto del mundo. Este
hecho, se puede observar si comparamos nuestros resultados con
la publicación anual del Registro de la Sociedad Internacional de
Trasplante Cardiaco y Pulmonar23–26.

Se debe hacer constar que una de las grandes ventajas que posee
el Registro Español de Trasplante Cardiaco es haber elaborado,
entre todos los grupos españoles de trasplante, una base de datos

homogénea, consensuando las posibilidades de respuesta. Cada
año, todos los grupos actualizan sus datos y los envı́an al director
del registro que, tras fusionarlos, los remite a una empresa
estadı́stica independiente para su análisis. Se considera que este
método confiere gran fiabilidad a los resultados y evita resultados
erróneos, tan habituales en las bases de datos no homogeneizadas.
En 2007 se incrementó el número de variables a analizar por
paciente hasta 175. También, en aras de una mayor calidad y
fiabilidad de los datos, se pretende continuar con la auditorı́a de los
centros mediante empresas externas independientes que garanti-
cen al máximo la validez de los datos.

El número de centros con actividad trasplantadora en la
actualidad es de 18. El hecho de que se autoricen en España centros
para TC sin un estudio adecuado de necesidades preocupa mucho a
los grupos de trasplante. Ello se debe a que, dado que hay una clara
tendencia a que el número de donantes óptimos disminuya en
España, la relación número de TC/número de centros disminuye. La
realización de un reducido número de TC redunda, por un lado, en
la infrautilización de recursos en los hospitales preparados para un
gran número de actos y, por otro, en un incremento del periodo de
aprendizaje necesario para conseguir unos resultados adecuados.
El único beneficio para el paciente es la comodidad que supone no
tener que desplazarse a otra área geográfica; lo que tampoco serı́a
una ventaja en el caso de que ya exista un centro autorizado en su
ciudad. Las autoridades sanitarias, que en su dı́a decidieron abrir
más centros, deberán valorar si se está realizando una auténtica
optimización de los recursos en «tiempo de crisis».
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Figura 10. Evolución anual del porcentaje de trasplantados fallecidos precozmente (primeros 30 dı́as).
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States. Baseline demographics are described in Table 2.
Patients were a mean age of 52.8 ! 11.9 years, and the
mean body surface area was 2.0 ! 0.3 m2. Heart failure due
to ischemic heart disease was present in 36.7%, and 58.4%
had a history of hypertension. The mean left ventricular
ejection fraction was 17.4% ! 7.4%, and the mean cardiac
index was 2.1 ! 0.6 liters/min/m2. New York Heart
Association Functional Class IV heart failure classification
was recorded for 95.5% of patients. INTERMACS 4 to
7 classification was reported for 18% of patients, 42% were
INTERMACS 3, 35 % were INTERMACS 2, and 5.4%
were INTERMACS 1.

Outcomes

Patients were monitored for at least 180 days or until
transplant or death. Kaplan-Meier survival analysis for the

Table 2 Baseline Demographics

Characteristica BTT and CAP BTT CAP

(n ! 332) (n ! 140) (n ! 192)
Age, years 52.8 ! 11.9 53.3 ! 10.3 52.4 ! 12.9
Male sex, % 71.10 72.10 70.30
Race, %

White 68.70 72.10 66.10
Black/African American 25.90 22.90 28.10
Hispanic/other 5.40 5.00 5.70

Body mass index, kg/m2 28.2 ! 6.1 28.5 ! 6.0 27.9 ! 6.2
Body surface area, m2 2.0 ! 0.3 2.1 ! 0.3 2.0 ! 0.3
Ischemic cause of heart failure, % 36.70 40.70 33.90
Left ventricular ejection fraction, % 17.4 ! 7.4 18.0 ! 7.1 17.0 ! 7.6
Pulmonary artery pressure, mm Hg

Systolic 48.4 ! 13.9 51.1 ! 15.2 47.1 ! 13.2
Diastolic 24.0 " 8.0 25.7 " 9.0 23.2 ! 7.5

Arterial blood pressure, mm Hg
Systolic 103.2 ! 15.4 103.3 ! 15.6 103.1 ! 15.3
Diastolic 63.3 ! 10.5 63.7 ! 11.2 63.0 ! 9.9
Mean 77.1 ! 10.9 76.2 ! 12.1 77.6 ! 10.1

Central venous pressure, mm Hg 11.3 ! 6.4 (141)c 12.5 ! 7.1 (48)c 10.7 ! 5.9 (93)c

Cardiac index, liters/min/m2 2.1 ! 0.6 2.1 ! 0.6 2.2 ! 0.6
Creatinine, mmol/liter 112.8 ! 39.2 114.1 ! 39.1 111.9 ! 39.4
Estimated creatinine clearance,b ml/min 86.9 ! 38.4 87.2 ! 38.1 86.6 ! 38.7
Total bilirubin, mmol/liter 17.9 ! 14.0 18.3 ! 15.7 17.6 ! 12.6
Platelet count, #109/liter 209.7 ! 73.8 216.3 ! 76.2 205.0 ! 71.9
International normalized ratio 1.3 ! 0.4 1.3 ! 0.4 1.3 ! 0.4
New York Heart Association class, %

II 0.60 0.70 0.50
III 3.60 3.60 3.60
IV 95.50 95.00 95.80
NA 0.30 0.70 0.00

INTERMACS, %
1 5.40 5.00 5.70
2 34.60 27.90 39.60
3 42.20 42.90 41.70
4–7 17.80 24.30 13.00

BTT, bridge to transplant; CAP, continued access protocols; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support.
aContinuous data are shown as the mean ! standard deviation and categoric data as indicated.
bCalculated by the Cockroft-Gault formula.
cData in parentheses represents the total number of patients for which these data were available.

Figure 1 Survival analysis for combined HVAD bridge to
transplant (BTT) and continuous access protocols (CAP; n ! 332).

The Journal of Heart and Lung Transplantation, Vol 32, No 7, July 2013678

HVAD ADVANCE BTT, Slaughter, JHLT 2013   

be life-saving. The Centrimag is a very effective, low cost device
that can be used in this setting. It provides good hemodynamic
support, improves end-organ function and affords the opportunity
to further evaluate the patient’s clinical condition.12 It can be
inserted with relative ease and minimal dissection, which is
important as these patients usually have a coagulopathy and are
unstable. The support it delivers is immediate and if the clinical
condition improves, the patient can then be considered for a longer
term device, explantation or cardiac transplantation.

BRIDGE TO RECOVERY

This is an exciting new use for LVADs. Previously a small
number of patients supported with LVADs showed an improve-
ment in cardiac function but there is currently more evidence that
prolonged unloading of the left ventricle results in reverse

remodeling and functional improvement, which in some cases
allows LVAD explantation.13 The strategy for achieving this
involves both mechanical and pharmacological therapy. Complete
unloading of the left ventricle coupled with aggressive pharma-
cological support maximizes the incidence of recovery in patients
with dilated cardiomyopathy and improves the durability of the
recovery following explantation. Patients need to continue
standard HF medical therapy while on device support and then
undergo some form of a weaning protocol, which requires testing
at low pump speeds. Patients that meet specific criteria can be
offered the opportunity to have the LVAD removed for myocardial
recovery. Strategies similar to this have resulted in excellent
success with recovery resulting in LVAD explantation in over 70%
of patients with nonischemic cardiomyopathy.13 These patients
remain well, with better quality of life compared to transplant
recipients 9 years later, suggesting that the recovery is also
durable.14
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Figure 3. Improved survival in left ventricular assist device trials. Due to
improvements in technology as well as patient selection and management,
there has been a steady and significant improvement in survival for patients
supported with left ventricular assist devices as both a bridge to
transplantation and destination therapy. BTT, bridge to transplantation; DT,
destination therapy; HM II, HeartMate II; INTrEPID, Investigation of
Nontransplant-Eligible Patients Who Are Inotrope Dependent; LVAD, left
ventricular assist device; OMM, optimal medical management; REMATCH,
Randomized Evaluation of Mechanical Assistance for the Treatment of
Congestive Heart Failure; VE, Vented Electric; XVE, Extended Line Vented
Electric. Reproduced with permission from Thoratec Corp, Pleasanton, CA,
United States.
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SV 1 año 80-85% 

SV 5 años 40-50% 
 



Right ventricular dysfunction

Right ventricular function was categorized as moderate if
right atrial pressure pre-implant was 18 mm Hg or higher,
bilirubin exceeded 2.0 mg%, or ascites was documented.
The requirement for a right VAD indicated severe right
ventricular failure (Table 3). The major detrimental impact
of progressive right ventricular dysfunction was in early

mortality (within 1 to 2 months) in the group receiving
biventricular support (Figure 13).

Surgical complexity

Additional surgical complexities during device implantation
are known to complicate the operation itself, and are also

Adult Primary  Continuous Flow LVADs & BIVADs, DT and BTT, n = 5436
Implants: June 2006 – June 2012

Predicted 1-year mortality
according to patient age.
The 3 lines illustrate the
effect of INTERMACS Level  
and the prevalence of risk
factors in the specified 
level.    
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Figure 9 Nomogram depicts a solution of the multivariate risk factor equation, showing the interaction between age and Interagency
Registry for Mechanically Assisted Circulatory Support (INTERMACS) Levels. The average risk profile for each of the INTERMACS levels
is illustrated. The dashed lines indicate the 70% confidence limits. BIVAD, biventricular assist device; BTT, bridge to transplant; DT,
destination therapy; LVAD, left ventricular assist device.
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Figure 10 Actuarial survival is depicted stratified by implant strategy of destination therapy (DT), bridge to transplant (BTT), or bridge to
candidacy (BTC). The error bars indicate !1 standard error. BIVAD, biventricular assist device; LVAD, left ventricular assist device.
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LVADs: COMPLICATIONS 
tailored to pediatric patients who receive an MCSD.
PEDIMACS was formally launched on September 20,
2012. In addition to FDA-approved durable devices, the

PEDIMACS registry will also include FDA-approved
temporary devices. The Pediatric Committee is actively
recruiting all hospitals that implant pediatric devices.

Table 5 Implants: June 2006–June 2012a

Pulsatile (n ! 594) Continuous (n ! 5,358) Pulsatile/Continuous

Adverse event Events Rate Events Rate Ratio p-value

Device malfunction 119 3.26 660 1.60 2.04 o0.0001
Bleeding 630 17.28 3895 9.45 1.83 o0.0001
Cardiac/vascular

Right heart failure 90 2.47 737 1.79 1.38 0.001
Myocardial infarction 2 0.05 30 0.07 0.75 0.47
Cardiac arrhythmia 254 6.96 1919 4.66 1.50 o0.0001
Pericardial drainage 64 1.75 251 0.61 2.88 o0.0001
Hypertensionb 118 3.24 351 0.85 3.80 o0.0001
Arterial non-CNS thrombosis 14 0.38 74 0.18 2.14 0.001
Venous thrombotic event 59 1.62 289 0.70 2.31 o0.0001
Hemolysis 23 0.63 299 0.73 0.87 0.69

Infection 832 22.81 3302 8.01 2.85 o0.0001
Neurological dysfunction 139 3.81 754 1.83 2.08 o0.0001
Renal dysfunction 108 2.96 582 1.41 2.10 o0.0001
Hepatic dysfunction 48 1.32 247 0.60 2.20 o0.0001
Respiratory failure 206 5.65 1038 2.52 2.24 o0.0001
Wound dehiscence 18 0.49 74 0.18 2.75 o0.0001
Psychiatric episode 87 2.39 425 1.03 2.31 o0.0001

Total burden 2811 77.07 14927 36.22 2.13 o0.0001

CNS, central nervous system.
aAdverse event rates (events/100 patient months) in the first 12 months after implant for primary left ventricular assist device with implant device

strategy bridge to transplant, bridge to candidacy, and destination therapy.
bWith current reporting, identification of hypertension with continuous-flow pumps is unreliable.
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*Major Event: First occurrence of infection, bleeding,
device malfunction, stroke or death
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Figure 19 Actuarial freedom from any of the following adverse events: infection, bleeding, device malfunction, stroke, or death. Error
bars indicate !1 standard error. BIVAD, biventricular assist device; BTT, bridge to transplant; DT, destination therapy; LVAD, left
ventricular assist device.
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considerably between therapies. Thoughtful and possibly
unconventional analyses will drive the process of comparing
the effect of MCS complications (driveline infection,
device malfunction, stroke, and bleeding) with transplanta-
tion (rejection, opportunistic infection, malignancy, and
allograft vasculopathy) or medical therapy for advanced
heart failure (recurrent hospital admissions for heart failure,
symptoms of severe congestion and pulmonary venous

hypertension, and progressive lack of energy). The adverse
event burden for MCS (Figure 19) indicates that approxi-
mately 30% of patients are free from any major
adverse event at 1 year. Patients with biventricular support
appear severely prone to adverse events (Figure 20), but
only small differences are seen with respect to INTER-
MACS Profile Level at implant (Figure 21) or patient age
(Figure 22).
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Figure 15 Actuarial freedom from stroke. The error bars indicate !1 standard error. LVAD, left ventricular assist device.

INTERMACS: June 2006 – June 2012: MCSD Durability
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Figure 16 Actuarial freedom from device exchange or death related to device malfunction, stratified by device type. MCSD, mechanical
circulatory support device. The error bars indicate !1 standard error.
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LVADS: QoL 

9. Quality of life indicators are generally positive after
device implant for at least the first year.

10. Major knowledge gaps will be addressed by the addition
of dedicated pediatric (PEDIMACS) and medical
(MEDAMACS) components within INTERMACS.
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HEART TRANSPLANT AND LVADs 

INDICATIONS 



THE GOLDEN RULE OF ADVANCED HF 

“HEART TRANSPLANT SHOULD BE 

CONSIDERED IN HF PATIENTS WITH 

EXPECTED 1-YEAR MORTALITY >20%” 
 

“IF AN ABSOLUTE CONTRAINDICATION 

FOR HT EXISTS, LVAD IMPLANTATION MAY 

BE REASONABLE” 
 



NYHA CLASS: IS IT ENOUGH? 

Ahmed A. Am Heart J 2006. 



NYHA CLASS: IS IT ENOUGH? 

ALL OF THESE ARE NYHA IV PATIENTS… 



NYHA CLASS: IS IT ENOUGH? 



INTERMACS PROFILES 

NYHA IV 

NYHA III 

HOURS 

DAYS 

WEEKS TO 
MONTHS 

VARIABLE 

Stevenson L. JHLT 2013. 
 



INTERMACS PROFILES: PROGNOSTIC VALUE 

HEART TRANSPLANT LVADs 

Barge-Caballero E. Circ Heart Fail 2013. 
 

N= 54 
2001-2007 
Toronto General Hospital 
 
 

N= 704 
2000-2009 
15 centros españoles 
 
 

Alba AC. J Heart Lung Transplant 2009.  

82% 
 

74% 
 

57% 
 



ESCALA INTERMACS: VALOR PRONÓSTICO 

Kirklin J. JHLT 2012. 



DECISION-MAKING PROCESS 



ADVERSE PROGNOSTIC MARKERS 

ü  Ventricular arrythmya 

ü  Intolerance to HF medications 

ü  Low blood pressure 

ü  Frequent decompensations 

ü  End-organ dysfunction (kidney, liver) 

ü  Cardiac caquexia 

ü  Anemia  

ü  Biomarkers (NTproBNP, ST2, galectine) 

ü  Functional parameters 

•  VO2 <12 (<14) ml/kg/min if RER > 1.05 

•  CI < 2.2 l/min/m2 / CWP > 20 / CVP > 10  

•  mPAP > 40 mm Hg / TPG > 12 mm Hg / PVR > 3 UW 

•  LVEF < 20% 

ü  HF risk scores (HFSS, SHFM) 



ADVERSE PROGNOSTIC MARKERS 

ü  Ventricular arrythmya 

ü  Intolerance to HF medications 

ü  Low blood pressure 

ü  Frequent decompensations 

ü  End-organ dysfunction (kidney, liver) 

ü  Poor nutrional status 

ü  Anemia  

ü  Biomarkers (NTproBNP, ST2, galectine) 

ü  Functional parameters 

•  VO2 <12 (<14) ml/kg/min if RER > 1.05 

•  CI < 2.2 l/min/m2 / CWP > 20 / CVP > 10  

•  mPAP > 40 mm Hg / TPG > 12 mm Hg / PVR > 3 UW 

•  LVEF < 20% 

ü  HF risk scores (HFSS, SHFM) 



PEAK OXYGEN UPTAKE 

12 14 

O Neil J. Circulation 2005. 

VO2 < 10 à ABSOLUTE indication for HT 

VO2 <12 (<14) à RELATIVE indication for HT 



HEART FAILURE SURVIVAL SCORE 



SEATTLE HEART FAILURE MODEL 

1-YEAR 
SV <80% 



HFSS vs. SHFM 

Alba AC. Circ Heart Fail 2013. 

SHFM better than HFSS in contemporary HF populations 

C (SHFM) = 0.63-0.81 
C (HFSS) = 0.56-0.79   



INTERMACS PROFILES 5-7 

Mancini D. Circulation 2010. 



HEART TRANSPLANT AND LVADs 

CONTRAINDICATIONS 



CONTRAINDICATIONS FOR HT 



CONTRAINDICATIONS FOR HT 

device placement. The 7 INTERMACS levels proposed to
classify the different degrees of clinical severity of advanced
HF11 are listed in Table 4. We use these INTERMACS levels
to discuss the benefits of cardiac transplantation at various
levels of advanced HF. The observed survival benefit of HT
in inotrope-dependent candidates (INTERMACS levels 1 to
3) and those supported with MCS devices, who are listed as
high-urgency UNOS status 1A and 1B, and those who are not

inotrope dependent (INTERMACS levels 4 to 7) is illustrated
in Figure 2A and 2B, respectively.

Cardiogenic Shock and Patients Declining on
Inotropes (INTERMACS Level 1 and 2)
The most severely ill patients considered for HT are those
presenting with cardiogenic shock (INTERMACS level 1)
and worsening of symptoms in inotrope-dependent patients
(INTERMACS level 2). Given the acuity of these patients,
the transplant evaluation needs to be completed expedi-
tiously, and frequently, waiting until a donor heart becomes
available is not an option. Patients in INTERMACS level 1

Table 3. Change in Listing Characteristics From 1999 to 2009

1999 2009

Age, y !65 !72

PVR, Wood units Fixed "6; trial of
IV inotropes

Fixed "6; trial inotropes,
sildenafil, mechanical assist

device

Diabetes
mellitus

Minimal end-organ
involvement,
insulin use

Moderate end-organ involvement,
combined transplants

Malignancy Remote Bridge with mechanical assist
device if malignancy within 2 y;
in some low-grade malignancies,

proceed after appropriate
treatment

PVD Severe No change

Infections Defer Proceed in setting of device
infection

Senitized patient Pretreat with
immunosuppression

Additional option of rituximab

V̇O2, mL ! kg#1 !
min#1

!14 !12

Priority status,
% at
transplantation

2007

1A 34 50

1B 36 36

2 26 14

PVR indicates pulmonary vascular resistance.

Table 4. INTERMACS Levels of Limitation at the Time of
Implantation and the Time Frame of Need for Consideration
of MCS

INTERMACS
Profile Level Status Time Frame

1 Critical cardiogenic
shock

Hours

2 Progressive decline Days to week

3 Stable but inotrope
dependent

Weeks

4 Recurrent advanced HF Weeks to few months
if baseline restored

5 Exertion intolerant Weeks to months

6 Exertion limited Months, if nutrition and
activity maintained

7 Advanced NYHA class
III

NYHA indicates New York Heart Association. Adapted with permission from
Stevenson et al.11 Copyright © 2009, Elsevier.

Figure 2. The actuarial survival of UNOS status 1 (A) and status
2 candidates (B) for HT who did and did not undergo HT
depicted by the eras of listing, US Scientific Registry for Trans-
plant Recipients, 1990 to 2005 (n$48 982). Survival is calcu-
lated from the day of listing for HT until death on the waiting list
and is censored at time of transplantation, removal from the
waiting list as a result of worsening or improvement of condi-
tion, or the day of last observation on June 1, 2006. Adapted
with permission from Lietz and Miller.6 Copyright © 2007,
Elsevier.
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although its effect on survival is unknown. In this situation, the de-
cision to operate should take account of response to medical
therapy, co-morbidity, and the likelihood that the valve can be
repaired (rather than replaced).

Secondary mitral regurgitation
This occurs because LV enlargement and remodelling lead to
reduced leaflet closing. Effective medical therapy leading to
reverse remodelling of the LV may reduce functional mitral regur-
gitation, and every effort should be made to optimize medical
treatment in these patients.

Ischaemic mitral regurgitation is a particular type of secondary
mitral regurgitation that may be more suitable for surgical repair.
As it is often a dynamic condition, stress testing is important in
its evaluation. An exercise-induced increase of effective regurgitant
orifice (!13 mm2) is associated with a worse prognosis. Com-
bined valve and coronary surgery should be considered in symp-
tomatic patients with LV systolic dysfunction, coronary arteries
suitable for revascularization, and evidence of viability. Predictors
of late failure of valve repair include large interpapillary muscle dis-
tance, severe posterior mitral leaflet tethering, and marked LV dila-
tation (LV end-diastolic diameter .65 mm). In these patients,
mitral valve replacement, rather than repair, may be advisable. In
the presence of AF, atrial ablation and left atrial appendage
closure may be considered at the time of mitral valve surgery.

The role of isolated mitral valve surgery in patients with severe
functional mitral regurgitation and severe LV systolic dysfunction
who cannot be revascularized or have non-ischaemic cardiomyop-
athy is questionable, and in most patients conventional medical and
device therapy are preferred. In selected cases, repair may be con-
sidered in order to avoid or postpone transplantation.

In patients with an indication for valve repair but judged inoper-
able or at unacceptably high surgical risk, percutaneous
edge-to-edge repair may be considered in order to improve
symptoms.250

13.4 Heart transplantation
Heart transplantation is an accepted treatment for end-stage
HF.251,252 Although controlled trials have never been conducted,
there is consensus that transplantation—provided that proper se-
lection criteria are applied—significantly increases survival, exer-
cise capacity, quality of life, and return to work compared with
conventional 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 failure, malignancy, and coronary artery vasculopathy). The
indications for and contraindications to heart transplantation are
summarized in Table 23.

13.5 Mechanical circulatory support
MCS is an umbrella term describing a number of different tech-
nologies used to provide both short- and longer term assistance
in patients with either chronic HF or AHF. A variety of terms
have been used to describe the use of these technologies
(Table 24).211,253 The most experience is with MCS in end-stage

Table 23 Heart transplantation: indications and
contraindications

Patients to 
consider

End-stage heart failure 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 Active infection

Severe peripheral arterial or cerebrovascular 
disease

Current alcohol or drug abuse

Treated cancer in previous 5 years

Unhealed peptic ulcer

Recent thrombo-embolism

Significant renal failure (e.g. creatinine clearance 
<50 mL/min)

Significant liver disease

Systemic disease with multiorgan involvement

Other serious co-morbidity with poor 
prognosis

Emotional instability or untreated mental illness

High, fixed pulmonary vascular resistance 
(>4–5 Wood Units and mean transpulmonary 
gradient >15 mmHg)

HF ! heart failure.

Table 24 Terms describing various uses of
mechanical circulatory support (MCS)

Bridge to 
decision (BTD):

Use of MCS in patients with drug-refractory acute 
circulatory collapse and at immediate risk of death 
to sustain life until a full clinical evaluation can be 
completed and additional therapeutic options can 
be evaluated.

Bridge to 
candidacy (BTC):

Use of MCS to improve end-organ function in 
order to make an ineligible patient eligible for 
transplantation.

Bridge to 
transplantation 
(BTT):

Use of MCS to keep a patient at high risk of death 
before transplantation alive until a donor organ 
becomes available.

Bridge to 
recovery (BTR):

Use of MCS to keep patient alive until intrinsic 
cardiac function recovers sufficiently to remove MCS.

Destination 
therapy (DT):

Long-term use of MCS as an alternative to 
transplantation in patients with end-stage heart 
failure ineligible for transplantation.

MCS ! mechanical circulatory support.
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CONTRAINDICATIONS FOR LVADs 



CONTRAINDICATIONS FOR LVADs 



¿TRANSPLANT OR LVADs? 

Age < 70  
Clinically stable 
HT mortality < 15-20% 
Anticoagulation not possible 
RV failure 
Thrombotic diathesis 
GI bleeding 
Mechanical prosthesis 
Aortic regurgitation 



¿TRASPLANT OR LVADs? 

Age > 70 
Comorbidities (DM, CKD, PVD) 
Clinically unstable 
HT mortality > 15-20% 
Neoplasia 
Pulmonary hypertension 
Donor availability 
Waiting list time 
Donor quality 



CONCLUSIONS 

ü  Patients with refractory HF present poor quality of life, high rates of readmission and short 

survival. 

ü  Both HT and LVADs improve morbidity and mortality in refractory HF patients. 

 

ü  INTERMACS profiles are useful to guide the decission-making process. 

ü  VO2, SHFM and HFSS give us relevant prognostic information in ambulatory individuals. 

ü  The decission between HT and LVADs is conditioned by several factors like age, 

comormidities, patient´s preference, social support and donor availability. 


