HEART TRANSPLANT AND VADs
CANDIDATE SELECTION
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Stage A Stage B Stage C Stage D
High risk Structural Structural Refractory
with no heart disease, symptoms
symptoms disease, no | previous or requiring
symptoms current special
symptoms intervention
(& J

Hospice

VAD, transplantation

Inotropes
Aldosteron_e;n_ta_g;ni_st_, r_le;iﬁtii; -
Consider multidisciplinary team
Revascularization, mitral-valve surgery

Cardiac resynchronization if bundle-branch block present

Dietary sodium restriction, diuretics, and digoxin

ACE inhibitors and beta-blockers in all patients

Risk-factor reduction, patient and family education
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‘ REFRACTORY HF (STAGE D)

A

1. Severe symptoms of HF with dyspnoea and/or 4. Severe impairment of functional capacity shown
TAtuC at Teor or witn minimal exertion (NYHA by one ot the tollowing:
functional class III or IV) a) Inability to exercise,

2. Episodes of fluid retention (pulmonary and/or b) 6-MWT distance <300 m [7] or less in females

systemic congestion, peripheral oedema) and/or of and/or patients aged > 75 years [8]
reduced cardiac output at rest ¢) peak VO, <12 to 14 ml/kg/min [9,10]

5. History of >1 HF hospitalisation in the past
(peripheral hypopertusion)

6 months

3. Objective evidence of severe cardiac dysfunction, : :
6. Presence of all the previous features despite

shown by at least one of the following: “attempts to optimise” therapy including diuretics,

a) A low LVEF (<30%)’ ) _ inhibitors of the renin—angiotensin—aldosterone
b) A severe abnormality of cardiac function on system, and beta-blockers, unless these are poorly

Doppler-echocardiography with a pseudonormal tolerated or contraindicated, and CRT, when
or restrictive mitral inflow pattern [5]; indicated.

c) High LV filling pressures (mean PCWP>16 mm
Hg, and/or mean RAP>12 mm Hg by

pulmonary artery catheterisation) [6],

d) High BNP or NT-ProBNP plasma levels, in the
absence of non-cardiac causes.

Metra M. Eur J Heart Fail 2007.
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REFRACTORY HF (STAGE D)
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HEART TRANSPLANT AND VADs
OUTCOMES
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‘ POST-TRANSPLANT SURVIVAL
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POST-TRANSPLANT SURVIVAL

SOCIEDAD
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CARDIOLOGIA Cardiaca y Trasplante
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POST-TRANSPLANT COMPLICATIONS

Acute Rejection = CAV * Graft Fallure
* Renal Fallure * Infection (Non-CMV)

—— — —— ——

0-30 Days 31 Days - >1 Year - >3 Years ->5 Years ->10 Yocrs' '0-30 Dly:;‘l Days - >1 Year - >3 Years ->5 Years ->10 Years
(N=2,275) 1Year 3Years 5Years 10 Years (N=1,123) (N=1817) 1Year 3Years 5Years 10 Years (N=5,035)
(N=2,051) (N=1,601) (N=1,435) (N=3,296) (N=1,750) (N=1,245) (N=1,112) (N=3,321)

Deaths 1994 — 2001 Deaths 2002 - 6/2011

ISHLT 2012

J Heart Lung Transplant. 2012 Oct; 31(10): 1045-1095
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POST-TRANSPLANT QoL

No Activity Limitations " Performs with Assistance " Total Assistance

1 Year (N = 8,060) 3 Years (N =7,324) 5 Years (N = 6,534)

l!gililli&lﬂiﬁ’
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‘ MECHANICAL CIRCULATORY SUPPORT

SHORT-TERM MID-TERM
(EXTRACORPOREAL) (PARACORPOREAL)

CARDIOHELP

EXCOR PVAD

CENTRIMAG IMPELLA
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LONG-TERM MCS

PULSATILE FLOW CONTINUOUS FLOW

SYNCARDIA HEARTMATE 2 HEARTWARE

HEARTMATE HVAD

XVE
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LVADs: SURVIVAL
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LVADs: SURVIVAL

Intermacs

— BTT (including BTC), n = 3742
— T Beeiag 5 v,
-—— |

- DT, 1 = 1694 o

C Death. 405

E DAV FLUJO CONTINUO
- - T SV 1 mes >90%

C - gjt' SV 1 aho 80%

C SV 3 ainos 60%

- Event: Death (censored at transplant and recovery)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 6 12 18 24 30 36 42

Months post implant

INSUFICIENCIA CARDIACA AVANZADA
PRACTICA CLINICA Y MODELOS ORGANIZATIVOS




‘ LVADs: COMPLICATIONS

Adult Primary Continuous Flow LVADs & BIVADs, DT and BTT, n = 5436

Implants: June 2006 — June 2012
Time to First Major Event*

100 Intermacs
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% With Problems

. LVADS: QoL
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HEART TRANSPLANT AND LVADs
INDICATIONS

INSUFICIENCIA CARDIACA AVANZADA
PRACTICA CLINICA Y MODELOS ORGANIZATIVOS



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”
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‘ NYHA CLASS: IS IT ENOUGH?
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Ahmed A. Am Heart J 2006. Follow up in months
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‘ NYHA CLASS: IS IT ENOUGH?

A

ALL OF THESE ARE NYHA IV PATIENTS...

I
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. NYHA CLASS: IS IT ENOUGH?

A

Interma&cs

SUPPORTING HEARTS THROUGH KNOWLEDGE
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INTERMACS PROFILES

M Level®

Hemodynamic status

1 “Crash and burn”

S
“27Sliding on
inotropes”

A

3 “Dependent
stability f
5
=

A
4 “Frequent flyer”

NYHA IV
s
A

I
I

NYHA I

6 “Walking
wounded”

7 “Placeholder”
Stevenson L. JHLT 2013.

5 "Housebound” '%' Severe limited folerance for activity:

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

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

fluid retention.

Stability reached with mild to moderate doses

of inotropes but demonstrating failure to
wean from them due to hypotension,
worsening symptoms, or progressive renal
dysfunction.

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

WEEKS TO
MONTHS

comfortable at rest with some volume
overload and often with some renal
dysfunction.
Less severe limited tolerance for activity and
lack of volume overload. Fatigue easily.
Patient without current or recent unstable fluid
balance. NYHA class Il or lIl.

VARIABLE
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' INTERMACS PROFILES: PROGNOSTIC VALUE

A

Survival Probability
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Alba AC. J Heart Lung Transplant 2009. Barge-Caballero E. Circ Heart Fail 2013.
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ESCALA INTERMACS: VALOR PRONOSTICO

Table 2

Pre-implant Adult Patient Profiles by Year of Implant: June 23, 2006, to June 30, 2011

Patient pre-implant profile

Implant year

2006 2007
No. (%)  No. (%)

2008
No. (%)

2009
No. (%)

2010
No. (%)

2011 (~Jun)

No. (%) Total

1. “Critical cardiogenic shock” (patient has
rEthTeatemng nypotension and profound
low cardiac output with rapidly escalating
inotropic pressor support)

2. “Progressive decline” (patient has been
demonstrated “dependent” on inotropic
support but nonetheless shows signs of
continuing deterioration)

3. “Stable but inotrope-dependent”
(patient 1s clinically stable on mild-
moderate doses of intravenous
inotropes, or has a temporary
circulatory support device, after
repeated documentation of failure to
wean without symptoms)

4. “Resting symptoms” (patient is at home
on oral therapy but frequently has
symptoms of congestion at rest or with
activities of daily living)

5. “Exertion intolerant” (patient is comfortable
at rest but unable to engage in any activity,
living predominantly within the house or
household)

6. “Exertion limited” (patient is comfortable at
rest without evidence of fluid overload, is
able to do some mild activity)

7. “Advanced NYHA class ITI” (patient is
clinically stable with a reasonable level
of comfortable activity, despite history
of previous decompensation)

Total

Intermécs

SUPPORTING HEARTS THROUGH KNOWLEDGE

Kirklin J. JHLT 2012.

42 (40.8) 155 (45.2) 213 (29.3) 204 (21.5) 186 (12.3) 102 (14.0)

—>

302 (41.4)

902

40 (38.8) 122 (35.6) 310 (42.7) 443 (46.7) 637 (42.0) 1,854

8(7.8) 33(9.6) 110(15.2) 162 (17.1) 384 (25.3) 202 (27.7) 899

/—////

6(5.8) 25(7.3) 66 (9.1) 94 (9.9) 211 (13.9) 88 (12.1) 490

-

6 (1.8) 9(1.2) 22(2.3) 49 (3.2) 26 (3.6) 112

2 (1.9) 2 (0.6) 7(1.0) 16 (1.7) 30 (2.0) 6 (0.8) 63

5 (4.9) 0(0.0) 11 (1.6) 8 (0.8) 19 (1.3) 3 (0.4) 46

103 (100.0) 343 (100.0) 726 (100.0) 949 (100.0) 1,516 (100.0) 729 (100.0) 4,366

NYHA, New York Heart Association.
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DECISION-MAKING PROCESS

INTERMACS
PROFILE-LEVEL

INTERMACS
1

INTERMACS

INTERMACS
3

INTERMACS

INTERMACS
6

INTERMACS
7
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ADVERSE PROGNOSTIC MARKERS

Ventricular arrythmya

Intolerance to HF medications

Low blood pressure

Frequent decompensations
End-organ dysfunction (kidney, liver)
Cardiac caquexia

Anemia

Biomarkers (NTproBNP, ST2, galectine)

v
v
v
v
v
v
v
v
v

Functional parameters
+ VO2 <12 (<14) ml/kg/min if RER > 1.05
+ Cl<22l/min/m2/CWP>20/CVP>10
« mPAP > 40 mm Hg/TPG > 12 mm Hg / PVR > 3 UW
* LVEF <20%
v" HF risk scores (HFSS, SHFM)
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ADVERSE PROGNOSTIC MARKERS

Ventricular arrythmya

Intolerance to HF medications

Low blood pressure

Frequent decompensations
End-organ dysfunction (kidney, liver)
Poor nutrional status

Anemia

Biomarkers (NTproBNP, ST2, galectine)

v
v
v
v
v
v
v
v
v

Functional parameters
* VO2 <12 (<14) ml/kg/min if RER > 1.05
+ Cl<22l/min/m2/CWP>20/CVP>10
« mPAP > 40 mm Hg/TPG > 12 mm Hg / PVR > 3 UW
* LVEF <20%
v" HF risk scores (HFSS, SHFM)
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PEAK OXYGEN UPTAKE

§

Adjusted Predicted 5-Year Survival

VO2 <10 > ABSOLUTE indication for HT
VO2 > indication for HT

0.0
|

12 14 15 20 25 30 35

O Neil J. Circulation 2005. Peak Oxygen Consumption (ml/kg/min)

INSUFICIENCIA CARDIACA AVANZADA
PRACTICA CLINICA Y MODELOS ORGANIZATIVOS




HEART FAILURE SURVIVAL SCORE

Table I. Calculation of the Heart Failure Survival Score

Risk FACTOR CONTRIBUTION

Left ventricular ejection fraction, % +Ejection fraction*0.0464

Mean blood pressure, mm Hg +Blood pressure*0.0255

Peak maximal oxygen uptake mL/m/kg +Maximal oxygen uptake *0.0546
Serum sodium, mmol/L +Sodium*0.0470

Ischemic cardiomyopathy -0.6931 if yes

Intraventricular conduction delay >120 ms -0.6083 if yes

Resting heart rate, beats per min —Heart rate*0.0216

Sum oF Risk FACTORS STRATA OF Risk 1-YEAR SurvivaL, %
>8.1 :
>7.2, <8.1 Y
<7.2 :R @:\’%\
The top portion of the Table depicts the calculation of the risk score while the bottom porhon
depicts expected 1-year survwol without urgent fransplantation in the derivation cohort.® b
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. SEATTLE HEART FAILURE MODEL

M W Seattle Heart Failure Model Calculator EE

File Info

Baseline Intervention

1 Year 2 Year S Year 1 Year 2 Year S Year
1 - I EAR Survival B0%  64%  33% 94%  88%  74%

Mortality 20%

SV <80 0 3B%  67% 8% 12%  26%
/ 0 Mean life 41 years

expectancy

1 2 3 4 5 Years i

Clinical Medications Diuretics Lab Data

Age: E: [CJacer Furosemide: (80 & Hgb (gfdL): 14 & Devices
Gender: [Jeeta-blocker Burmnetanide: E: Lymphocyte %: E = ® None
NYHA Class: [J&RrE Torsemide: 0 5 UicAcd (mg/al: |8 5 OBV Pacer

weight (ka): |80 2 [statin Metolazone: |0 = Total Chol (mafdL): 190 2 OICD
EF: 30 £ [] Allapurinal HCTZ: !0 S Sodium: 137 2 OBWVICD
Syst BP: 120 [] Aldosterone blocker [JQRS > 120 msec
> :
[l 1schemic Default Values
Interventions Devices Note: Some devices
may be disabled if CMS
ACE Clare © None clinical criteria are not
SN —— met

[V] Statin [V] Aldosterone blacker SR BIEAED

(@) (en] LVAD Ie
Copyright 2004-2007 Wayne Levy and David Linker 1
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HFSS vs. SHFM

A

SHFM better than HFSS in contemporary HF populations

A 1 B 1 c 1 -~
* HFSS m SHFM * HFSS W SHFM ®HFSS  MSHFM
0.95 0.95 0.95
0.9 09 - 0.9
0.85 0.85 -
o 08 - 0.8
7
E 0.75 0.75
Ud
o 0.7 - 0.7
0.65 | 0.65
0.6 0.6
| 0.55
0.55 .
05 | : | ‘ , 0.5 +——— —
— — [ — — N N N N N ~N N N ~N
0 20 40 60 80 100 0 20 40 60 80 100 g28ggegessgegsees s
Percentage of patients on B-blockers (%) Percentage of patients with ICD (%) Upper limit of patient recruitment date

C (SHFM) = 0.63-0.81

C (HFSS) = 0.56-0.79
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INTERMACS PROFILES 5-7

Am bU |at0ry INTERMACS
5
Perform VO2 INTERMACS |
6
Calculate SHFM Survival
Calculate HFSS INTERMACS
7

Grey zone
SHFM 1 yr<80% Re-transplant
HFSS medium/high risk | CHD SHFM 1 yr >80%

HFSS low risk

Mancini D. Circulation 2010.
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HEART TRANSPLANT AND LVADs
CONTRAINDICATIONS
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CONTRAINDICATIONS FOR HT

‘_‘f

Contraindications | Active infection

Severe peripheral arterial or cerebrovascular
disease

Table 3. Contraindications to cardiac

transplantation.’

O

Current alcohol or drug abuse

SOCIETY OF Treated cancer in previous 5 years
CARDIOLOGY®

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
(>4-5Wood Units and mean transpulmonary
gradient >15 mmHg)

* Pulmonary hypertension (TPG> 15 mm i‘ o
Hg, SPAP>50 mm Hg, PVR>4 WU,
PVRI>6)

» Systemic disease (anticipated to limit
long-term survival)

* Elevated creatinine (>200 pmol/L)
* Active infection

* Psychosocial (substance abuse,
smoking, medical noncompliance)

* Malignancy (within 5 years)

* Morbid obesity (>140% ideal body
weight)

* Marked cachexia (< 60% ideal body
weight)

* Osteoporosis
* Peripheral or cerebrovascular disease

* Diabetes mellitus with end organ
damage
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CONTRAINDICATIONS FOR HT

Table 3. Change in Listing Characteristics From 1999 to 2009

1999 2009
Age, y <65 <72

PVR, Wood units Fixed >6; trial of Fixed >6; trial inotropes,
IV inotropes sildenafil, mechanical assist

/4 f
&
R
A .
‘ -
device
DONATE Diabetes Minimal end-organ  Moderate end-organ involvement,
LIFE mellitus involvement, combined transplants

UNITED NETWORK insulin use
FOR ORGAN SHARING Malignancy Remote Bridge with mechanical assist
device if malignancy within 2 ;

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 Additional option of rituximab
immunosuppression :
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CONTRAINDICATIONS FOR LVADs

4.3 Contraindicaciones
i bien no son muchas, existen varias condiciones que deben ser consideradas una contraindicacion
absoluta para el implante de un DAVI:

v Expectativa de vida limitada (<2 anos) por comorbilidades extracardiacas.

v' Disfuncién severa de ventriculo derecho que requiera asistencia circulatoria a largo plazo.

v Deficit neurologico irreversible o dudas acerca de su existencia.

v Disfuncion cognitiva avanzada. P

v Neoplasia con metastasis. - HeartWare

v Fallo multiorgénico. VENTRICULAR IZQUIERDA

v Infeccion sistémica activa.

v Diatesis | o

v" Trombocitopenia severa (<50000).

v Cirrosis hepatica evolucionada.

v Enfermedad renal cronica avanzada con dialisis permanente.

v Alteracion ventilatoria obstructiva severa (VEMS <1000 ml o < 30-50% predicho o insuficiencia
respiratoria cronica)

v' Trastomo psiquiatrico o neurologico severo que interfiera de modo significativo en la

cumplimentacion del regimen de vida y cuidados recomendados tras el implante.

v Ausencia absoluta de apoyo social y familiar.

INSUFICIENCIA CARDIACA AVANZADA
PRACTICA CLINICA Y MODELOS ORGANIZATIVOS




‘ CONTRAINDICATIONS FOR LVADs
Hay que tener en cuenta otras condiciones i I n una contraindicacion
absoluta para DAVI-, pero si deben ser oonsideradail contraindicaciones relativas: |

Aneurisma de aorta abdominal =5 cm.

Alteracion ventilatoria obstructiva moderada.

Enfermedad renal cronica (GFR < 30 ml/min/m2).

Edad > 75 anos (terapia de destino) o > 70-72 afos (puente a trasplante).

Disfuncion ventricular derecha no severa.

Enfermedad cerebrovascular sintomatica.

Ateromatosis carotidea con estenosis hemodinamicamente significativas. Syl )
. ) HeartWare

Tromboembolismo pulmonar reciente.

Historia previa de sangrado digestivo. VENTRICULAR IZQUIERDA

|romﬁifopema inducida por he_panna.

Hepatopatia cronica.
Neoplasia no metastasica. e

Hipertension pulmonar no reversible.

Hipertension portal.

Ventilacion mecanica prolongada (>7 dias) con FiO2 > 60%.
Inestabilidad hemodinamica severa (perfiles INTERMACS 1y 2). R
Anfecedentes de Incumplimiento (erapeutico.
Infeccion localizada o no severa.
Enfermedad vascular periférica.

Protesis valvulares mecanicas.
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¢, TRANSPLANT OR LVADs?

Age <70

Clinically stable

HT mortality < 15-20%
Anticoagulation not possible
RV failure

Thrombotic diathesis

Gl bleeding

Mechanical prosthesis
Aortic regurgitation
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¢ 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

INSUFICIENCIA CARDIACA AVANZADA
PRACTICA CLINICA Y MODELOS ORGANIZATIVOS




¢ CONCLUSIONS

A

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

survival.

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

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

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

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

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