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Epidemiology
v'2 % of Heart Failure population.

v Among patients with Stage C HFrEF, 4.5% progress to Stage D HF each year
(Kalogeropoulos et al. JACC HF 2017).

v'Standard treatment is insufficient to control patient’s symptoms
v'Poor QOL and prognosis

v'(Advance = refractory = end-stage)
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Criteria for definition of advanced heart failure

All the following criteria must be present despite OMT:

1.
2.

4.

Severe and persistent symptoms of heart failure [NYHA class Ill (advanced) or 1V].

Severe cardiac dysfunction defined by (at least one of the following):

e LVEF (£30%)

 |solated RV failure (e.g., ARVC)

* Non-operable severe valve abnormalities or congenital abnormalities

* Persistently high (or increasing) BNP or NT-proBNP values and severe diastolic
dysfunction or LV structural abnormalities (according to the definitions of HFpEF)

Episodes of pulmonary or systemic congestion requiring high-dose i.v. diuretics (or diuretic
combinations) or episodes of low output requiring inotropes or vasoactive drugs or
malignant arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months.

Severe impairment of exercise capacity with inability to exercise or low 6MWT (<300 m) or
pVO2 <12 mL/kg/min or <50% predicted value, estimated to be of cardiac origin.

6MWT= 6-minute walk test; ARVC = arrhythmogenic right ventricular cardiomyopathy; BNP = B-type natriuretic peptide; HFpEF = heart failure with preserved éjection fraction; i.v. =
intravenous; LV = left ventricular; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal pro-B-type natriuretic peptide; NYHA =New York Heart Association; pVO2 = peak oxygen
consumption; RV = right ventricular.

www.escardio.org/guidelines

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab368)

©ESC
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Epidemiology

15 4
[}
E Olmsted County,
© o
127 Minnesota
©
[+}]
L
o
@
2
a 9-
>
©
(]
L
5]
[+
z
o 6 -
n."
Q
£
(<]
2
©
S 3
=
=]
o
0 = I I 1 I I I I
0 1 2 3 4 5 6
Time since HF diagnosis (years)
Patients-at-Risk
HFrEF 1103 848 692 558 427 329 242
HFmreF 653 541 417 332 247 178 135
HFpEF 2438 1968 1552 1244 948 675 465

A.V. Subramaniam et al. Circulation HF 2022
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Prognosis of patients with advanced HF

VOLUME 345 NOVEMBER 15, 2001 NUMBER 20

LONG-TERM USE OF A LEFT VENTRICULAR ASSIST DEVICE
FOR END-STAGE HEART FAILURE

100 -
Eligible patients
80+ 1.- Chronic end-stage HF
< 2.- Contraindications to HTx 3.-
= %07 LV assist device Symptoms of NYHA class IV HF
E 4o for at least 90 days despite GDMT
® 4.- LVEF of 25 percent or less;
204 5.- POC < 12 ml/Kg/min or
Medical therapy inotropic dependence.
0 : : : . .
0 6 12 18 24 30
Months
No. AT Risk
LV assist device 68 38 22 11 5 1
Medical therapy 61 27 11 4 3 0

Rose EA et al. REMATCH study group. NEJM 2001;345:1435-43
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Algorithm for the treatment

(O () SN @EEER | of patients with advanced

S s HF/cardiogenic shock
(Class lla) e .

LVAD-BTC
(Class lla)

[

- : g
LVAD-DT
(Class lla)

@ESC

McDonagh TA, et al. Eur Heart J. 2021;00:1-128.
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Options for patients with advanced HF

v Optimize neurohormonal inhibition and device therapy
v'High risk conventional cardiac surgery

v'Short term management:
* |V drugs, management of congestion (iv diuretics, UF)
* Mitraclip
e Short-term MCS (IABP, Impella, CentriMag)
v'Long-term management
* Heart transplantation
* LT-Mechanical circulatory support
 Chronicivinotropes, UF, peritoneal dialysis

v" Palliative care
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- Optimize neurohormonal inhibition and device therapy

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

Management of HFrEF
PARADIGM-HF
NYHA class 0.03
or I 3178 3130 ——
Il or IV 1002 1076
Volume overload
BABKHE
SR with LBBB = 150 ms SR with LBBB [30~149 ms or non LBBB= 150 ms NYHA class
CRTPID ) 1 190/1606 289/1597 —_— 0.63 (0.52-0.75)
Il or IV 196/767 213/774 0.90 (0.74-1.09)
Ischaemic aetiology Non-ischaemic aetiology
() ico EMPEROR Reduced
Atrial ibriflation Atral ibrillation Coronary artery disease Iron deficiency Baseline NYHA class
Digoxin) (" /PVI"") CABG ) | Ferric carboxymaltose ) 1] 220/1399 299/1401 ] 0.71 (0.59-0.84)
; y ) — ) Il or IV 141/464 163/466 0.83 (0.66-1.04)
Aortic stenosis Mitral regurgitation ~ Heart rate SR>70 bpm Black Race ACE-IIARNI intolerance
TEE MV Repair ) Ivabradine ) Hydralazine/ISDN ) VICTORlA
1
ebaltsios =
lorll 445 484 I—’—:'l 0.91 (0.80-1.04)
MCSas BTTBTC ) Long-term MCS as DT ) Il or IV 451 487 —o— 0.87 (0.77-0.99)
To reduce HF hospitalization and improve QOL - for all patients

McDonagh TA, et al. Eur Heart J. 2021;00:1-128.
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SAC/VAL Iin advanced HF. LIFE trial

Geometric mean NT-proBNP level Log AUC NT-proBNP
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© Sacubitril/valsartan Treatment ratio, 0.95 (0.84-1.03); P=.45
U I I I I I I _2 I I
Baseline Week 2 Week 4 Week 8 Week 12 Week 24 Valsartan Sacubitril/valsartan
No. with data Treatment group
Valsartan 162 155 154 144 145 124
Sacubitril/valsartan 161 156 153 143 140 118

Mann et al. JAMA Cardiol. doi:10.1001/jamacardio.2021.4567 Published online November 3, 2021.
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CRT in advanced HF and inotrope dependence

Survival REMATCHT vs. Survival Rescue CRT
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I\/Ianagement of patients with acute decompensated

Congestion/Fluid overload

l

I @—. Hypoperfusion —Y 1

Loop diuretics® (Class I)

Loop diuretics* and consider

(Class ) inotropes (Class 1lb)
Recommendations Class Level
Renal replacement therapy should be considered in patients with refractory lla c
volume overload and end-stage kidney failure

ontinuous inotropes and/or vasopressors may be considered in patients with low
cardiac output and evidence of organ hypoperfusion as bridge to MCS or heart lib C
transplantation.
rafittration-may-be considered in refractory volume overload unrespensiveto b c

diuretic treatment.
McDonagh TA, et al. Eur Heart J. 2021;00:1-128.
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~ Milrinona vs dobutamine in patients with cardiogenic
shock DOREMI-Trial

100 100
- -
5 § 75
E 754 o Milrinone
E = -
o L o
&= Milrinone =
g 504 L L & 20+ Dobutamine
w '_'—l_l_ w
vl
-g Dobutamine "g
a 259 8 254
O 9
5 Hazard ratio, 0.91 (95% Cl, 0.61-1.34) E Hazard ratio, 0.84 (95% Cl, 0.53-1.31)
(=8
0 I I | 0 | | |
0 10 20 30 0 10 20 30
Days to Event Days to Event
No. at Risk No. at Risk
Milrinone 96 42 26 7 Milrinone 96 55 34 15
Dobutamine 96 43 25 13 Dobutamine 96 55 33 19
Primary composﬂe outcome: death from any cause, resusuta-te.d. ca'rdlac Death from any cause
arrest, receipt of a HTx or MCS, nonfatal MI, TIA or stroke, or initiation of
renal replacement therapy

R Mathew et al. New Engl ] Med 2021
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outpatient aaminisration of evosmencanm |1 LEIMIttENt iNtravenous outpatient
patients with advanced heart failure: the ad mini Stratl O N Of I eVO S m en d an

LION-HEART multicentre randomised trial

Josep Comin-Colet!2*, N icolis Manito?, Javier Segovia-C ubero?, Juan Delgado?,
José Manuel Garcia Pinilla®, Luis Almenar®, Maria G. Crespo-Leiro?,

Alessandro Sionis?, Teresa Blasco®, Dominge Pascual-Figal'®, Levosimendan Placebo
Francisco Gonzalez-Vilchez'1, .bsé Luis Lambert-Rodriguez12, Maria Grau'?, and (n=48) (n=21)
Jordi Bruguera', on behalf of the LION -HEART Study Investigators
/ Rate Incidence Total Rate Incidence \
Death or other terminal Total  Patients with (%) per 100 patient- | Event Patients with (%) per 100 patient-years
events Events Event ’ years at risk s Event ° atrisk p-value Hazard ratio (95% CI) p-value
All-cause death 15 15 31.2 31.3 8 8 38.1 38.1 0.781 0.80 [0.34-1.90] 0.620
Heart Transplant 0 0 0 0.0 2 2 9.5 9.5 0.090 - -
LVAD implant 0 0 0 0.0 1 1 438 48 0.304 - -
Hospitalization
HF hospitalization 19 11 22.9 229 18 14 66.7 66.7 0.001 0.25 [0.11-0.56] 0.001
CV hospitalization 21 12 25.0 25.0 23 14 66.7 66.7 0.003 0.27 [0.12-0.59] 0.001
Non-CV hospitalization 15 9 18.8 18.8 5 4 19.0 19.0 0.999 1.01[0.31-3.27] 0.990
Qll-c‘ause hospitalization 36 17 35.4 35.4 28 15 71.4 71.4 0.012 0.37 [0.19-0.75] 0.006
Composite End-points
gfqlgl?smtahz“t“’“ orall-cause 5, 22 45.8 292 26 17 81.0 66.7 0.015 0.33 [0.16-0.70] 0.004
gquéﬁsmtahzat‘o“ orall-cause 5 22 45.8 39.6 31 17 81.0 81.0 0.015 0.32[0.16-0.61] 0.001
All-cause hospitalization orall- - o, 25 52.1 45.8 36 18 85.7 85.7 0.017 0.38[0.20-0.71] 0.003
cause death
Heart transplant or LVAD 0 0 00 00 3 3 143 143 0025 . )
implant ’ ’ ; : )
HTx or LVAD or death 15 15 312 313 11 10 47.6 47.6 0.303 0.55 [0.25-1.22] 0.143
E\l; ;Bjsmtahmtm“ or Hlxor 19 11 229 22.9 21 14 66.7 66.7 0.001 0.25[0.11-0.55] 0.001
HF hospitalization or HTx or
LVAD or death 34 22 458 417 29 17 81.0 81.0 0.015 0.34 [0.17-0.65] 0.001
g;gswml‘z““"“ or HTx or 21 12 25.0 25.0 25 14 66.7 66.7 0.003 0.27 [0.12-0.58] 0.001
J Comin et al. Eur J Heart Fail 2018 E\‘;;gs;j?;f;twn or HIxor 36 22 458 417 33 17 81.0 81.0 0.015 033 [0.17-0.63] 0.001
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@ ESC RESEARCH ARTICLE

European Society
of Cardiology

European Journal of Heart Failure (2023)
doi:10.1002/ejhf.3006

Repetitive levosimendan infusions for patients
with advanced chronic heart failure in the
vulnerable post-discharge period: The
multinational randomized LeoDOR trial

Gerhard Pé6lzl'*0, Johann Altenberger?, Josep Comin-Colet?, Juan F. Delgado¥,
Francesco Fedele®, Martin Jesas Garcia-Gonzalez®, Finn Gustafsson’, Josep Masip8,
Zoltan Papp?, Stefan Stérk'?, Hanno Ulmer', Sarah Maier'l, Bojan Vrtovec'?,
Gerhard Wikstrom13, Endre Zima'4, and Axel Bauer!, for the LeoDOR

Investigators
p =0.86
1 1
26.9% . .
29.1% ° ... Tier 3improved
Tier 3 unchanged
24.7% 26.9% —
re. Tier 3 worsened
11.8%
. 26.9% Tier 2
. (o]
mx Tierl

Placebo

Levosimendan

A 100}
90 [~
80 [~
70

60 -

40

Event-free survival (%)
m
o
I

30

follow-up 1 (14 weeks)
HR 2.94 (1.12-7.68)

20

101

— Levosimendan
— Placebo

0 [ 1 |

follow-up 2 (26 weeks)
HR 1.64 (0.87 - 3.11)

Tier 1 = time to death or urgent heart transplantation or implantation of a
ventricular assist device

T

Number at risk
Group: Levosimendan

93 89
Group: Placebo
52 5

43 43 42 42

14
Weeks
60

40

16

57

37

18 20 22 24

56 53 563 53
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~ Mitraclip in advanced HF and cardiogenic shock

COAPT criteria
Indication CoR lla Lok B for M-TEER in SMR

- Severe SMR |
- Optimised HF treatments according
to 2021 ESC guidelines
- NYHA Class Il, Ill or ambulatory IV
- LVEF 20-50%
- LV end-systolic diameter </0 mm
- At least one HF hospitalisation within the

previous year or increased NP levels?
- Anatomy judged suitable for M-TEER®

Jorg Hausleiter et al. Eurolntervention 2023; 18: 957-976
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~ Mitraclip in advanced HF and cardiogenic shock

Systematic review of TMVr in CS

International MitraBridge Registry

Number at risk 119 94 75 67 61
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HR: 0.36 (95% CI:
0.13-0.98)
log-rank test, p = 0.04

HR: 0.41 (95% Cl:
0.19-0.90)
log-rank test, p = 0.03
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0 3 6 9 12 i :
Months post MitraClip _ Days Since TMVr _ Days Since TMVr
No. at Risk No. at Risk
— Failure 14 8 5 — Failure 14 6 3
— Success 119 b7 61 — Success 119 71 57

Composite of 90-Day Mortality
or Heart Failure Hospitalization (%)
19
o

o

Number at risk
InList 31 24 17 15 13
BTD 54 42 35 30 29
BTC 34 28 23 22 19

Godino et al. J Heart Lung Transplant. 2020; 39 (12):1353-62 Jung RG et al. J Am Coll Cardiol Intv. 2021; 14 (1):1-11
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— Advanced HF therapies

(approaching near 90% 1-y survival and 70% 5-y survival)

Heart transplantation LT-MCS
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Heart transplantation and Long-term MCS

100 7
\
N 85% 81%
849,
80 - A —~—_~| 3rd Generation LVAD
74,7%
68%
? ] _\_-\_H_\-—\"_
> 60 T “——— 2nd Generation LVAD
— 58%
§ 52-55%
'S 40 A 23-24%
| -
-
0p)
| 1st generation LVAD
20 25% LL\___‘—‘
8%
~— 1st generation LVAD
0 | | L.\_‘ Meldical treatment
0 6 12 18 24 30

Months

Rose et al N EnglJ Med 2001
Slaughter et al N Engl J Med 2009 / www.ishlt.org
Mehra MR, et al. A fully magnetically levitated left ventricular assist device. New England Journal of Medicine. 2019 Apr 25;380(17):1618-27.
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~~"Five-Year Outcomes in Patients With Fully Magnetically
Levitated Left Ventricular Assist Device

Overall survival
100+
R . Centrifugal-flow pump
- 4
Median survival > 5 years g
g Axial-flow pump
S5 60
2
[=]
a
= 404
=
>
; 20
Clinical trial data
Hazard ratioat 5y, 0.72 (95% Cl, 0.58-0.89); P=.003
0 T T T T 1
0 1 2 3 4 5
Time after implant, y
515 383 289 213 184 141
505 339 247 165 124 85
A Survival
100%
B .
Real world data - I 1
z 1
% 60% K{
0 63.3%
6
40% (95% CI
8 58.2%, 67.9%)
@
& 20%-
1. M Mehra, et al. JAMA. 2022 Sep 27; 328(12): 1233-1242; 2. Netuka |, et al., The Journal of Heart and Lung
Transplantation 2021; 40(4): 247-250; 3. Sami F, et al., Journal of Cardiac Failure 2022; 28(12): 1683-1691; 4. Schmitto et 0%~ : : ‘ : :
al., European Heart Journal 2023 published online Nov 2023; 5. Jorde et al., Annals of thoracic surgery 2024; 117(1): 33-44 0 1 2 3 4 5

Years Post Implant

#AtRisk 463 391 337 273 232 204
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Hub and spoke model for Heart Failure

Tertiary Hub:

Advanced HF unit

* Need for escalating diuretic doses
*  SBP <90 mmHg and/or signs of

s
1
Cotmm e

Crespo-Leiro et al. Eur J Heart Fail 2018 McDonagh TA, et al. Eur Heart J. 2021;00:1-128.
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— Triggers for Referral of HF Patient for Advanced

Therapies Evaluation
(I need help acronym)

Inotropes

NYHA or NT-proBNP

End-organ dysfunction (liver/kidney)
Ejection Fraction (LVEF < 20%)
Defibrillator shocks (appropriate)

Hospitalizations (= 1 last year)
Edemal/escalating diuretics

Low systolic blood pressure < 90-100
Prognostic medication

Diyar Saeed et al. The 2023 International Society for Heart and Lung Transplantation Guidelines
for MCS. J Heart Lung Transplant 2023. https://doi.org/10.1016/j.healun.2022.12.004
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B Triage of patients with advanced HF
When is the perfect time to refer?

Referral for assessment
1

Referral for inclusion
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Triage of patients with advanced HF
When Is the perfect time to refer?

J Peura et al. Circulation. 2012;126:2648-2667
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~Practices of Referring

Community

Patients to Advanced HF Centers

STEP 1:
Does the patient h
Advanced HF?

ave Special Considerations

» Engage in shared decision-making with
patients and caregivers when a patient's

F s

lifespan or functional status is severely
limited by non-cardiac conditions

STEP 2:

When patients have or are
approaching Advanced HF,
could they benefit from having
their care coordinated with

an advanced HF ce

(i.e. dementia, advanced cancer, COPD
with oxygen dependence, etc)

* Guard against implicit bias to avoid
disadvantaging populations who are more
likely to be affected by social determinants
of health, including race/ethnic minority
patients and women.

* Telemedicine may facilitate shared care

=

nter?

with the AHFC for patients with barriers
related to travel

REFERRAL to an Advanced Heart Failure Center (AHFC)

4

« Establish goals of care
* Define caregiver support
« Palliative care referrals

Advanced
directives

» Education on HF self-care (i.e. fluid monitoring,
nutrition, structured exercise, etc)

* Psychosocial needs assessment

« Directed guidelines and referral to specialists
to manage comorbid conditions (i.e. diabetes,
class 2 or greater obesity, smoking/illicit
substances/alcohol cessation) that may impact
eligibility for advanced HF therapies

» Assistance with financial and insurance needs

HF Disease

HF and Multidisciplinary Care GDMT « Multidisciplinary approach
i N PR includes advanced practice
mrgbe'?:‘ﬁ;‘st 5 lqll*?t?:ggn& providers and pharmacists

* Cardiopulmonary exercise
stress testing

* Prognostic scores
(i.e. Seattle HF model, etc)

is and Additional Percutaneous mitral valve repair)
Progrosisian therapeutic * Pharmacologic and catheter-based
functional options therapies for control of arrhythmias
capacity « Outpatient use of IV inotropes

Advanced Heart Failure Center (AHFC)

Assess HF

Management &

* Endomyocardial biopsy

* Genetic testing and
family-based counseling

* Advanced imaging
(i.e. CMR, Tc 99m PYP, etc)

etiology

* Optimization of GDMT

« Same day |V diuretic access
« Parenteral iron supplementation

* Pulmonary artery pressure sensor
* Valvular interventions (i.e. TAVR,

« Heart transplantation and LVAD

B

o

Multidisciplinary evaluation for candidacy for
Advanced HF Therapies for select candidates with
persistent and refractory NYHA IlIb/IV symptoms

JJ Herr et al. Journal of Cardiac Failure Vol. 27 No. 11 November 2021
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Practices of Referring Patients to Advanced HF Centers

Golden window for referral for consideration of advanced HF therapies

Early Referral — Golden Window for Referral — Referral Too Late

Less
severe

Severity of illness

More
severe

\

T

» Time

A
* NYHA I-Il symptoms * NYHA [ll-IV symptoms * Multiorgan failure
* Tolerating GDMT * Downtitration of or inability to tolerate GDMT » Severe malnutrition/cardiac
* No hospitalizations * Frequent hospitalizations cachexia unresponsive to
* No evidence of end- * Recurrent arrhythmias or ICD shocks supplementation
organ dysfunction * Worsening renal function
Onset Persistent HF Progression/Decompensation Pump failure and death
of HF

JJ Herr et al. Journal of Cardiac Failure Vol. 27 No. 11 November 2021
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Practices of Referring Patients to Advanced HF Centers

Primary reason cited to not offer advanced HF therapies

Mechanical Circulatory Support Heart Transplant
(N=158) (N=213)
=" Too Well
5.1% 0-6% 7.5% 2%
1.3% 772 ' = Too Sick

“ Psychsocial

« Patient Dec

» Malignancy
= RV Failure

= Infection

JJ Herr et al. Journal of Cardiac Failure Vol. 27 No. 11 November 2021
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~ Advanced Heart Failure Workshop: Trajectories and
Triage for Ambulatory Stage Pre-D and D

National Heart, Lung,
and Blood Institute

Ambulatory Advanced HF

Referred for
Advanced HF Therapies

Evaluated Palliative

: Inotropes
Listed for
HT or
Received

= IVAD _

Advanced Heart Failure Workshop: Trajectories and Triage for Ambulatory Stage Pre-D and D. National Heart, Lung,
and Blood Institute. Accessed Feb 25, 2024.
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Advanced Heart Failure Workshop: Trajectories and
Triage for Ambulatory Stage Pre-D and D

|dentify patients who may be disadvantaged by the current allocation system when therapy
based on physiological need confers lower priority.

Improve DMCS use as a complement or alternative therapy to HT.

Direct patients to advanced HF centers through earlier referrals.

Synergize LVAD and HT in the same patient to maximize QOL and survival benefit

Bridge-to-myocardial recovery for increased GDMT (for GDMT-naive patients).
Extended BTT to delay HT and extend the overall survival benefit of combined therapies (particularly
attractive for younger patients).

Identify higher risk patients who may benefit from DMCS rather than HT to permit heart allocation to
those with HT as the only option (e.g., pediatric patients) or when HT provides greater survival benefit.

Advanced Heart Failure Workshop: Trajectories and Triage for Ambulatory Stage Pre-D and D. National Heart, Lung,
and Blood Institute. Accessed Feb 25, 2024.
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Take home messages

v Advanced HF is a major sanitary problem with high rates of hospitalizations,
mortality, important impact on quality of life and elevated costs.

v The 2018 HFA-ESC updated definition of advanced HF describes new diagnostic
criteria and treatment options for these patients.

v Recognizing the patient with advanced HF is critical to facilitate timely referral to
advanced HF centers. Organization: Hub & Spoke Model of Care.

v’ Early referral is key to avoid debilitation and end organ dysfunction that may
preclude candidacy for advanced HF therapy.

v' HTx remains the best strategy to improve survival and quality of life.

v LT MCS are rapidly improving clinical outcomes either as BTT or DT. Synergize
LVAD and HT in the same patient to maximize QOL and survival benefit.
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