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Definition of advanced heart failure

4 CRITERIA + 1 CONDITION

1. Severe and persistent symptoms (dyspnea, fatigue, congestion)
 NYHA lll advanced (minimal exercise) or NYHA IV (rest)

2. Severe heart dysfunction
 LVEF <30%
* Severe diastolic dysfunction or high BNP NTproBNP levels (less clear)
» Severe isolated RV failure (ARVC)
* Severe non operable valve diasease

3. Pulmonary or sytemic congestion OR low cardiac output OR malignant arrhythmia
e High dose IV diuretics or inotropes
« > 1 episode inlast 12 months

4. Severe imparment of functional capacity
* 6MWD <300 m
* pVO2 12-14 mi/kg/min

Despite optimal guideline-directed therapy !

Crespo-Leiro M et al, EJHF 2016



Very poor outcome of AdHF

423 patients stage C (systolic dysfonction + symptoms)
546 patients with advanced HF, categorized according to INTERMACS classification

Censoring at time of transplantation or LVAD implantation

A Stage C IM 7 = stage 3 (No meaningful
INTERMACS 7 exercise possible)
INTERMACS 6

INTERMACS 4-5
IM 6 = limited to mild exertion

IM 5 = limited to light exercise

Mortality

IM 4 = uncomfortable at rest

Despite guideline directed
therapy !

Samman-Tahan, JACC HF 2018 €



c options N°1: heart transplantation
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Since 03.12.1967 10 years survival > 65%

Khush KK et al, JHLT 2018



Rx N°2 : Destination therapy with LVAD

2y survival without disabling stroke / device malfunction
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New inotropes for non HTx — non MCS candidates ?

Levosimendan —

Actin  Tropomyosin Troponin |

Thin filament|

—

Levosimendane=72 )
 Myofilament Calcium sensitizer T ?/ = 00

\Myosln head
Troponin C

hd Repeated infUSionS in Ad H F fB)—/' Troponin C without levosimendan

Levosimendan Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Altenberger J 2014 1 63 4 57 10.9% 0.21[0.02, 1.97)
Berger R 2007 6 39 7 36 16.3% 0.75 [0.23, 2.50]
Bonios MJ 2012 14 42 8 21 18.8% 0.81[0.27, 2.42)
Comin-Colét 2015 14 48 7 21 18.2% 0.82[0.27, 2.47)
1
4
8

Kleber FX 2009 0 18 10 4.9% 0.17 [0.01, 4.62]
Malfatto G MD 2012 -+ 22 11 11.5% 0.39 [0.08, 2.00]
Mavrogeni S 2007 2 25 25 19.4% 0.18 [0.03, 0.98]

Total (95% Cl) 257 100.0% 0.54 [0.32, 0.91)
Total events 41 39
ity ° = = = 12 = 0% t t t
P:ete:rfogeneltyl.l C::’ t;2_8.2(;1‘2 g (-Po 0%64), ?=0% 0.005 Of 1 1 1'0
est for overall effect: Z=2.32 (P = 0.02) Favours [Levosimendan] Favours [Control]

Silvetti S, 1JC 2016




Treatment optimisation....

An example




Mrs I. M; 57 years old in 2016

History :
- Sent from another canton after 2 episodes of acute heart failure with the
guestion of heart transplantation

Acute myeloid leukemia, 15 years ago, treated with anthacyclins (among other
therapies). In remision after medulla transplantation

Progressive decrease of LVEF already 10 years ago

Stage NYHA 3 (1 climb of stairs)

Clinical Assessment

- No congestion, IVC 17 mm, inspiratory collapse 40%
- BP:99 /64 mmhg

- Sinus rythm 72 bpm, narrow QRS (90 ms)

Investigations
- LVEF 29%, no significant MR, no RV dysfunction
- Peak VO2 :13.9 ml/kg /min, VE/VCO2 slope 36




Mrs I. M; 57 years old in 2016

Labo :

- NTproBNP 2100

- Creatinine 161 umol/I
- K+4.9 mmol /L

Treatment
Candesartan 4 mg x 2
Carvedilol 6.25 x 2
Spironolactone 12.5 mg
Torasemide 20 mg

ICD in primary prevention, no sustained VT




Does this lady have advanced HF ?

4 CRITERIA + 1 CONDITION

1. Severe and persistent symptoms (dyspnea, fatigue, congestion)
 NYHA lll advanced (minimal exercise) or NYHA IV (rest)

2. Severe heart dysfunction
 LVEF <30%
* Severe diastolic dysfunction or high BNP NTproBNP levels (less clear)
» Severe isolated RV failure (ARVC)
* Severe non operable valve diasease

3. Pulmonary or sytemic congestion OR low cardiac output OR malignant arrhythmia
e High dose IV diuretics or inotropes
« > 1 episode inlast 12 months

4. Severe imparment of functional capacity
* 6MWD <300 m
* pVO2 12-14 mi/kg/min

Despite optimal guideline-directed therapy !

Crespo-Leiro M et al, EJHF 2016



Does our lady have optimal medical therapy ?

Patient with symptomatic* HFrEF® M cias Treatment of Mrs |.M.

¢ Class lla

Therapy with ACE-I and beta-blocker
(Up-titrate to maximum tolerated evidence-based doses)

Still symptomatic
and LVEF <35%

e |

Add MR antagonistés Candesartan 4 mg x 2
(up-titrate to maximum tolerated evidence-based dose) .
Carvedilol 6.25 x 2
Still symptomatic Spironolactone 12.5 mg
and LVEF <35% Torasemide 20 mg

Yes l

| ! }

Able to tolerate Sinus rhythm, Sinus rhythm,"
ACEI (or ARB)*z QRS duration =130 msec HR =70 bpm

ARNI to replace 271 1F Y need for ;

These above treatments may be combined if indicated

If LVEF <35% despite OMT
or a history of symptomatic YT/VF, implant ICD
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Should we switch the ARB for Entresto ?

PARADIGM-HF trial
8442 patients randomized for enalapril 2 x 10 mg or Entresto 2 x 200 mg

Almost no patient in NYHA 4 (60 patients only !!)
Primary endpoint:
Death from CV causes or first hospitalization for HF
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Frequent hypotension !

McMurray J, NEJM 2014




Should we switch the ARB for Entresto ?

LIFE-HF trial
335 patients with NYHA 4 HF, SBP > 900 mmHg, randomized between entresto
and valsartan
lary endpoint : NTproBNP change after 24 weeks
— Primary Endpoint
FAILURER"22"*_ AUC for the Proportional Change in the Ratio of
. NT-proBNP to Baseline

Neither treatment with Sac/Val nor Val B AUC
decreased the median NT-proBNP P =0.45
levels below baseline through 24 weeks | r—
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Mann Douglas, oral presentation, ACC 21, Saint Louis, USA



Should we titrate the existing therapy ?

BIOSTAT-CHF trial
69 centers, 11 European countries
2100 patients with HFrEF inclus, mean follow-up 21 months

=100% of boh ACE-inhiblor and beta-blocker (n=101)
250% of bath ACE-inhitiler and beta-biscker fn=412) . .
2 5P of eifier ACE -inhibilor and beta-Hocker (n=921) <50% ACEI/ARB with <50% BB
< 50f% ACE -inhibilor and bela-blocker (n=31)

< (% of bof ACE-hhibitor and beta-blocker (n=37)

>50% ACEI/ARB or BB with <50%
of the other

>50% ACEI/ARB + >50% BB

’—lJ_‘ 100% ACEI/ARB + 100% BB
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Ouwerkerk J et al, EHJ 2017



Should we titrate the existing therapy ?

Frequent barriers to therapy up-titration :

Low blood pressure Low heart rate Renal failure

Hyperkalemia Acute heart failure (BB)




Treatment optimisation

with

Low blood pressure




HF therapy lowers BP, particularly ACEi / ARB / ARNI

Dose dependent reduction of BP

ATLAS trial : 3164 patients, LVEF < 30% randomized to lisinopril low dose (5 mg)
vs high dose (35 mg)

Effect oh high dose as compared to low dose :

SBP -4.4+/-0.6 mmHg

DBP -2.3 +/- 0.4 mmHg

similar for ARB / ARNI / BB...

Packer M, Circ 1999




Low blood pressure related to prognosis |

Hypotension related to outcome
VAL-HEFT trial : 5010 patients : outcome according to quartiles of SBP : (Q1: >135
mmHg, Q 2 :121-135 mmhg, Q3 : 110-121 mmHg, Q4 : <110 mmhg)

Time to First Morbid Event
Time to Death

% Event Free Survival

SBP <110 mmHg
SBP 2110 <121 mmHg
SBP >121 <135 mmHg
SBP >135 mmHg

I I
10 20 10 20 30

Monnthe Since Randnmizatinn Months Since Randomization
Time to Hospitalization

All outcomes occur earlier in HF patients
with lower BP !

% Hosptalizations for Heart Failure

Univariate analysis

10 20 30
Months Since Randomization

Anand IS M, Circ HF 2008



Attenuated effect in multivariate analysis

MAGICC score
Score based on 39732 patients from 30 studies

In multivariate analysis, rate ratio = 0.882 (95% Cl 0.855-0.91) for mortality for
each 10 mmHg increase. P<0.0001; significant after adjustment age, sex, NYHA,
EF, creatinine...

But effect on outcome largely
attenuated by other factors
accounting for disease severity,
like LVEF especially.

—d—FEFF<3) —=EF30-39 ——EF40)-

- W—— Hypotension is more a marker of

e,
N R SEVERE HF than an independent

prognostic variable

Mortality rate ratio

10 M0 1200 13- 140-  150-
Systolic Blood Pressure (mmHg)
Patients(%) 13 13 17 11 15 25

Pocock S (MAGGIC), EHJ 2013 ; Cautela J, EJHF 2020



Hypotensive patients benefit from ACEi / ARB !

VAL-HEFT trial : 5010 patients
Effect of Valsartan as compared to placebo according to SBP

Table 3. Effect of Valsartan Versus Placebo on Mortality, First Morbid Event, and Hospitalizations for HF in Patients

Grouped by Baseline SBP

Mean Baseline SBP, mm Hg

Mean=S5D No. of Patients

Mortality,

Placebo HR (95% CI)

Valsartan Placebo Valsartan

First Morbid
Event, HR

Hospitalization
for HF, HR
(95% CI) (95% Cl)

a1 1025 101=6 474 466 0.82 (0.63 1o

1.06)

P 0.13
02,03, andQ4  131+16 130+15 1623 1.04 (0.88 1o
combined 1.23)

P . . . 0.64

Interaction P 0.15

074 (060t0  0.60 (0.45 to
0.91) 0.79)

0.005 <0.001

090 (0.79t0  0.77 (0.64 to
1.02) 0.93)

0.10 0.006
0.29 0.36

than normotensive ones.

As patients with the most severe HF, hypotensive ones benefit MORE from RAASI

Anand | et al, Circ Heart Fail 2008




How to deal with hypotension in every day life ?

No evidence in the litterature
Expert opinion only !!

Definition of hypotension

 No definition based on BP !!
In trials, Hypotension defned by clinical judgement rather than BP threshold
Hypotension is therfore relevant when SYMPTOMATIC (dizziness, light-
headedness, especially when getting up from a chair or during the first 3
minutes of walking, fatigue, syncope in severe cases)

Symptoms should guide management rather than BP values

(Low BP ususally also considered when SPB < 90 mmHg asymptomatic)

Cautela J, EJHF 2020



How to deal with hypotension in every day life ?

TAS 90-100 mmHg
TAS < 90 mmHg (asy)

NG

Monitor GFR, K+
And heart rate

N
GFR > 25, K<5, - NO - Reduce ACEi/ARB/ARNI

HR>60-65 or BB accordingly
N
YES
N2
Continue titration
Slowly
Small steps

Cautela J, EJHF 2020



How to deal with hypotension in every day life ?

TAS 90-100 mmHg with symptoms
TAS < 90 mmHg with symptoms

N

)

STEPII

Stop/Reduce non-HFrEF BP lowering therapies
calcium antagonists, centrally-acting antihypertensive drugs, alpha-blockers
(sometimes used for prostate conditions), nitrates or all other vasodilators

N
[ Persistent low BP with related symptoms )

J
( stepm )

Cautela J, EJHF 2020



How to deal with hypotension in every day life ?

STEPI

Lower diuretics dose in non-congestive patients
Clinical evaluation, BNP/NT pro BNP, lung ultrasound,
et ioardiograps iy, congeslion score

Diuretics absolutely necessary in acute heart failure when congestion threaten
patient’s organ function

Diuretic = barrier to guideline therapy uptitration once the patient decongested !

1°) Assess congestion clinically (jugular vein,. Hepatojugular reflux, peripheral
edema, inspiratory fine crackles)

2°) If difficult (obesity, post-thrombotic syndrome, varicose veins), assess inferior
vena cava by echocardiography (should be < 2 cm)

3°) If no congestion, decrease diuretics carefully

4°) if still non congestion, withdraw diuretics

Cautela J, EJHF 2020



How to deal with hypotension in every day life ?

STEPIII

Lower diuretics dose in non-congestive patients

Clinical evaluation, BNP/NT pro BMP, lung ultrasound,
echocardiography, congestion score

STEPIV
Define the clinical profile*

i
—

(IDNEY FUNCTION
GFR = 30 ml/min/173m?

e

KALAEMIA
K*=5.0mEa/

v
—

HEART RATE
HR = &0 bpm

oy
ISTORY OF SEVERE
ARRHYTHMIA

N

Ty

NO SPECIFIC
:LINICAL PROFILE

1. Decrease dose of
ACEIfARB or ARNi

2. Decrease dose of MMA

3. Switchthe current RAAS
blocker for another
between ACEi or ARB
or ARMI

1. Decrease dose of MRA

2. Decrease dose of
ACEI/AND or AMMI

3. Switch the current RAAS
blocker for another
between ACEior ARB
or ARNI

1. Stop glycoside and/or
If channel blocker

2. Decreaze dose of BB

3. Discuss permanent
pacing

1. Decrease dose of
ACEI/ARE or ARNI

2. Decrease dose of MNA

3. Decrease dose
of betablockers

1. Decrease dose of
ACEI/ARB or ARNiI
and/or BB

2. Decrease dose of MRA

CONSIDER A
NEW TITRATION

v

PERSISTENCE
OF LOWBP

REFER TO AHEART

FAILURE TEAM

Cautela J, EJHF 2020




Treatment optimisation

with

Renal failure




How to deal with HF therapy in case of renal failure ?

e

== 1ml/min/1.73m* per year (normal person)
HF-start ' PR
2-3 ml/min/1.73m* per year (average in HF)

(acute event)

5 ml/min/1.73m’ per year [extreme deterioration)

90
75 HF-slope
60
45

30
15

End stuge renul disease
0

=
mM
N
<
S
=
—
E
o
w
C
v

Young age Older age

Mullens W, EJHF 2020



Baseline kidney function associated with outcome in chronic HF

Meta-analysis, 57 studies, 1’076’104 patients

Chronic Heart Failure .
Dries (SOLVD Prevention) 1.80 [1.47, 2.20] Su bg roup c hronic

Hillege (PRIME I1) ) 2.38[1.90, 2.98) .
Dries (SOLVD Treatment) . 2.22(1.85, 2.66) heart failure
Marenzi ; 2.76 [1.39, 5.48) —_—

McLellan y 1.77 [1.28, 2.45)
Muntwyler d 3.08[1.81,5.27]
Pulignano (IN-CHF) 2.38(1.28,4.41) o .
Herzog . 185[1.79,1.92) CKD as defined in
Shlipak (DIG) § 1.71[1.55, 1.89]
McAllister 3 2.20(1.63,2.97) 1 "7t 1 1
s Ene) : 2 enm individualized studies
Ezekowitz (APPROACH) ¢ 4.00 [3.36, 4.78)
Shlipak (CHS) 3 2.77 [1.66, 4.62)
Roik ; 3.31(2.18,5.02)
Go (ANCHOR) X 1.80[1.74. 1.87] .

Hillege (CHARM) i 4.04[3.31,4.94) Mean FUP : 9421802 d
Bruch 6.58 [3.58, 12.12)
Shalaby y 1.87 [1.02, 3.43]
Scrutinio . 2.88(1.59,5.21)

Anand (VALHEFT) ] 2.12[1.82, 2.47) OR for a”_ca use

Cohen-Solal (SENIORS) . 1.89[1.50, 2.38)
1.29[0.86, 1.92) . .
1.72[1.42, 2.08] mortallty 1 2.26
1.38(0.90, 2.12]
Damman (COACH) i 3.07 [2.26, 4.17)
Waldum 547 1080 ; 2.86 [2.40, 3.41)
Damman (CIBIS 1) 162 y 1.73[1.39, 2.16)
Filippatos (BEST) 160 397 & 1.88[1.46, 2.42)
Scrutinio (2011) 237 422 157 21% 3.04 [2.32,3.97)
Masson (GISSI-HF) 1035 2566 918 4369 3.1% 2.54 [2.28, 2.83)
Subtotal (95% Cl) 64967 198998 60.5% 2.26 [2.08, 2.47)
Total events 26336 54701
Heterogeneity: Tau? = 0.04; Chi* = 255.62, df = 29 (P < 0.00001); /* = 89%
Test for overall effect: Z = 18.68 (P < 0.00001)

Total (95% CI) 342466 733638 100.0% 2.34 [2.20, 2.50)
Total events 54334 83184

Heterogeneity: Tau? = 0.03; Chi* = 530.74, df = 56 (P < 0.00001); /*= 89%

Test for overall effect: Z = 26.65 (P < 0.00001)

Test for subaroup differences: Chi* = 1,00, df = 1 (P=0.32), 7= 0.0%




Worsening renal failure associated with outcome in chronic HF

Meta-analysis, 57 studies, 1’076’104 patients

Chronic Heart Failure
De Silva 4 161 219 1055 4.6% 1.44(0.98, 2.00] 2005 R
Khan 628 2060 879 4475 6.0% 1.79(1.59,2.02] 2006 b
Jose 8 23 36 1631 49% 146 (1,06, 2.02) 2006 ==
lolesias a7 21 49 461 42% 2.27(147,3.52) 2008 —

Damman 0 106 76 894 39% 4.25(2.62,6.89) 2010
Subtotal (95% CI) am 8516  23.6% 1.96 (148, 2.61] L 2
Total events 807 1639

Heterogeneity: Tau? = 0.07; Chi? = 16.14, df = 4(P = 0,003); /"= 75%
Test for overall effect: Z = 4.66 (P < 0.00001)

Subgroup chronic heart failure

WREF as defined in individualized studies (absolute / relative increase in serm
creatinine, cystatin C or eGFR)

OR for all-cause mortality : 1.96

Damman K, EHJ 2014



Effects of HF and RAASi on GFR

Heart failure
N2
Low CO / low BP
N2
Triggers renal auto-regulation of blood flow
to preserve GFR
N N2
A. Afferens A. Efferens
N2 N2
Dilation Constriction
N N2
1. Through direct Through Agll via
Myogenic reflex
1. sympathetic sti-
mulation of juxta-
glomerular cells

2. Through NO

> Macula densa

(low NaCl sensing)
2. Through PGE2
> Macula densa
(low NaCl sensing)

RAAS inhibition

J' GFR about 15-20%

dverage HF-decline
Acute drop + slaope after
RS

= HloEse with =AU bty
valsartan

Acule increase with CHT

[Start RAASI|

I @ agcures dvnp in HEFR wiih RAA5

2 : shope revran s povraled!

3 1 urtiadasn (T vl fomg fnbhoa-ug
oy Ecnumied MR Sreeni

End stage renal disease

Intraglomerular HD change
# kidney injury

Usually reversible

As opposed to DM or CKD, no data
showing long term decrease of loss pace




Effects of RAASi on heart failure and prognosis

A END-DIASTOLIC VOLUME

170

ENALAPRIL

110 T T
BASE 4mo

1yr 33mo WD

B END-SYSTOLIC VOLUME

140 T (mmHg +- SE):
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m ®
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120 118 130
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Konstam et al , SOLVD trial,

Circulation 1992
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Figure 1. Cumulative Probability of Death in the Placebo and Enalapril Groups.

CONSENSUS trial, NEJM 1992




Benefit of RAAS..... Also in CKD patients !

Cohort of 1042 HF patients, 69 years old
17% GFR >90ml/’; 26% GFR 60-90 ml/’; 41% GFR 30-60 ml/’; 16% GFR<30 ml/’

ACEi / ARB lower 1 y mortality
(OR = 0.4 (65% Cl 0.24-0.66) in the
whole cohort

ACEi / ARB effect on mortality similar :

g
3
§
3
E
(&)

* In patients with GFR >60ml/’
(OR=0.28; 95% Cl| 0.11-0.7)

Follow-up fme (deve) * In patients with GFR <60 ml/’
OR for global mortality at 1 year (OR=0.46; 95% Cl 0.26-0.82)
with GFR<30 : 2.48

1% increase mortality for each
1 ml/’ GFR loss

Mc Alistair, Circulation 2004



Benefit of ARNi as compared to ACEi on GFR loss

Sub-analysis of the PARADIGM-HF trial, 8399 patients
GFR 70 +/- 20 ml/’ at screening; 33% with CKD (<60 ml/’)

2 »

UACR (mg/mmol)

Change in eGFR from Screening (mL/min/1.73m

0

1 —%— Enalapril

—e— Sacubtril/Valsartan

T, P +: e’ %
5 W
%7, s, %%
Vi

~&— Enalapril
—&— Sacubitril/Valsartan

Screening Randomization 1 Month 8 Months

GFR loss less important on Entresto
than on enalapril (-1.61 ml/year)

Despite increased albuminuria

* Transient after ARNi cessation

* Generally associated with true renal
injury (diabetes) leading to true
WRF

* Transient effect of natri-uretic
peptides on mesangiual cells and
podoctytes ?

Damman K. JACC HF 2018




What about MRAs and renal failure ?

Heart failure patients benefit form MRA
Including with advanced symptoms (RALES trial with spironolactone)

lm} Hazard ratio, 0.63 (35% Cl, 0.54-0.74)

P<0.001
60 0.904

0.85+
50—

0.804

40+ 0.759

0.70-
30—

Spironolactone

0.654

Probability of Survival

Eplerenone 0.60-

from Cardiovascular Causes (%)

0.65+

0.560+

£
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(=]
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T T 0.45+
1 2

G-OOT T T T T T T T
Years since Randomization 0 3 6 9 12 15 18 21

No. at Risk Months

Placebo 245 512 199 No.ATRisk
EFI-IEIE'I'H:II'IE 925 552 231 Placebo 841 775 723 678 628 592 6565 483 379 280 179 92 36

Spironolactone 822 766 739 698 669 639 608 526 419 316 193 122 43

Zannad F, NEJM 2011 Pitt B, NEJM 1999




Effect of MRAs on GFR and prognosis with CKD

Ephesus trial. Post MI. LVEF <40%.

A - 2874 -#=A|l patients - Eplerencne

i b | bdel =0+l ptients - Placsbo Small placebo-adjusted effect of
eplerenone on GFR : -1.4 ml/’ / year

1756 Bie

‘*\_{!_ __(]) 184

“gh‘h
2650 2475 * -

Patients with deteriorated renal
function after Ml had worse
Prognosis

eGFR (ml/min/1.73m?)

Siwdy drug x Time inieraction: p= 0.014

(mived ANCOVA) But eplerenone is of equal benefit
MO M1 M3 M6 Mz with or without CKD

A All-cause death

HR for death and hospitalization
without eplerenone according to
GFR

Eplerenone

eGFR reduction at M1>20%

« >60 ml/’ : 1.4 (95% Cl 1.23-1.6)

baseline eGFR < 60
ml/min/1.73 m2 vs. eGFR 2 60

* <60 ml/’: 1.23 (95% CI 1.01-1.5)

0.4 0.6 0.8 1 1,2

Hazard Ratio

Rossignol. Circulation 2012




Practical management of RAASi in «advanced» HF and CKD

« Advanced » Heart failure patient with CKD and low-dose RAASI

NG

(S creatinine > 50% baseline)
S creatinine > 265 pmol/L
eGFR < 25 ml/min

No potential to titrate RAASI
N

Assess congestion

/\;

No Yes

N N2
Assess Treat congestion
Hypotension/
Hypoperfusion

-

No Yes
NY NY
Severe worsening
renal function
Intrinsinc renal disease

N
Nephrologist

as appropriate

After Mullens W, EJHF 2020 and Ponikowski P, EHJ 2016

Re-assess renal function —

Reduce (stop?) RAASI
Consider inotropic support, heart transplantation, MCS

NG

(S creatinine < 50% baseline)
S creatinine < 265 pmol/L

eGFR > 25 ml/min
v g / v

RAASi must be titrated
(unless other contra-indication)
Until maximal dose
Until thresholds reached
( assess K+ and Screat every 2 wks)




Treatment optimisation

with

Hyperkalemia




RAASI increase serum K+ level, especially MRAs

Oline release
of RALES

; Collecting
Urine ( Tubule Cell ) Blood
lumen / tubular basolateral

Aldosterone

‘ ‘ Receptor
High luminal [Na"] .__# Antagonists

= Aldosterone

ENac : " ‘ 1998
Blockers Sl

Rata of Admission for Hy perkalemia [per 1000 patients)

2-5% of filtered Na Figure 2. Rate of Hospital Admission for Hyperkalemia amang Patients Recently Hospitalized for Heart Failure Who
expression ¢ Were Receiving ACE Inhibitors.
! Is norma I Iy rea bsorbEd Each bar shows the rate of hospital admission for hyperkalemia par 1000 patients during one four-month interval. The

NG/K ATPase in the co"ecn ng duct Ii.ne beginning in the sec,_nnd interval of 199? shows projected admission r_ales for hyperkalemia derived from intarven-
EXPTCSS/OH tional ARIMA models, with I bars representing the 95 percent confidence intervals.

Reduced Na influx
decreases the electrogenic Na*
exchange of Na for

K & H. This can cause
hyperkalemia & acidosis

Online releass
of RALES

|

Aldosterone antagonists

- Loss of Na & Water

- Hyperkalemia

Rate of In-Hospital Death from Hyperkalemia

- Some risk for acidosis

TR

L i iL IL L
1954 1595 1936 1957 1598

Study Year

Figure 3. Rate of In-Hospital Death Associated with Hyperkalemia among Patients Recently Hospitalized for Heart Fail-
ure Who Were Receiving ACE Inhibitors.

Each bar shows the rate of in-hospital death associated with hyperkalemia per 1000 patients during one four-month in-
terval. The line beginning in the second interval of 1338 shows projected death rates derived from interventional ARIMA
madels, with I bars representing the 95 percent confidence intervals.

A

Juurlink, NEJM 2004 €. BV
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Management of hyperkalemia

Mild hyperkalemia : 5.1-5.5 mmol/L
Moderate hyperkalemia : 5.6-6.0 mmol/L
Severe hyperkalemia : > 6.1 mmol/L

Associated with increased mortality
HyperK > 2 times per year in 50% HF patients with DM and / or CKD
2 novel agents available :
* Sodium zirconium cyclosilicate, not (yet?) reimbursed in CH
* Patiromer, approved for re-imbursment in CH, K+/Ca++ exchange in the colon.

o Rapid K+ normalisation

o Low incidence of hypokalemia

RAAS: titration enablement

No data on hard endpoints yet (DIAMOND trial on track)

Well tolerated, but watch hypomagnesemia and drug interactions

Meyer P, SMW 2020



Practical management of hyperkalemia

Normokalemia

Chronic hyperkalemia

1. Serum K+

Column A

45 mEq/L®

Column B
Mild

5.1-5.5 mEq/L

Column C

2. Patients
undergoing
RAASI

Not on maximal
tolerated RAAS:
dose

Not on maximal
tolerated RAAS:
dose

Not on maximal
tolerated RAAS: dose
but
previous hyperkalemia

maximal tolerated RAAS:

Column D
Severe
> 6 mEg/L

Whether or not on
maximal tolerated RAAS:
dose

timizati —-
optimization when up-titrating

RAASI
or
HF and/or CKD 3b—42
and/or DM

Initiate/up-titrate
novel potassinm
binders/patiromer” until

Discontinue/Reduce
RAASI

Initiate/up-titrate
novel potassium
binders/patiromer® until

+ )
serum K™ <5.0 mEqg/L

3. Actions
Imitiate/up-titrate
RAASH

Serum

K <5.0 mEgL" and

1

Initiate/up-titrate novel
Momtor K= potassium

binders/patirom er” umtil
sernm K <5.0 mEq."L{‘{]‘

3 ol

If K* <5.0 up-titrate If K* < 5.0 up-titrate RAAS)

RAAS: and mamntain and maintain novel potassium
novel potassium binders/patiromer®*

binders/patiromer™#

Maintain RAASI on maximal tolerated doses, monitor K* and renal function, and check for additional causes of hyperkalemia

4. Follow-up (K~ diet content, salt substitutes, drugs impairing renal function and K~ excretion)

Silva Cardoso et al , HF rev 2021 @\\E\IV
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Optimalising

Beta blockers

And

Heart rate




Practical management of hyperkalemia

Survival (% of patients)

Bisoprolol

Placebo

p=<<0-0001

200 400 600
Time after inclusion (days)

-q,\kfi:vedilol

T

k. -

Placebo

Flaceho
Memoproiod CR7LL

p=000ES [ausad)
p=00000% [nominal

Cumuiatre mately (9 00

-y

Follow -t [ miont ha)

Beta-blockers

Bisoprolol 1.25 od.

Carvedilol 3.125 bid.

Metoprolol succinate (CR/XL) | 12.5-25 o.d

Nebivolol 1.25 0.d.




Should we aim at maximal dosing or at specific heart rate (in SR) ?

HF-Action trial, 2331 patients, all ambulatory, LVEF < 0.35

FIGURE 1 All-Cause Death or Hospitalization by BB Dose (High/Low) and HR (High/Low) at Baseline

25% 1: High BB Dose + High Heart Rate
2: High BB Dose + Low Heart Rate
3: Low BB Dose + High Heart Rate
4: Low BB Dose + Low Heart Rate

Estimated Probability of Death (%)

Time from Randomization (Months)

781 659
760 661
326 278
274 231

Fiuzat M et al, JACC HF 2016




Should we aim at maximal dosing or at specific heart rate (in SR) ?

Tertlle 1 (largest HR reduction)

CHRISTMAS, 2003 (32) 8/193 6/194 ——— 1.34(047-2.79)

Cohn et al, 1997 (29) 270 2735 050 (0.07-3.40) |

MERIT-HF, 2000 and 2002 (22, 23) (high dose) 59/1202  77/912 059 (042-0.82) Morta I

MERIT-HF, 2000 and 2002 (22, 23) (low dose) 38/604 771813 0.75 (052-1.10)

MOCHA, 1996 (28) (high dose) 1/89 4728 0.08 (0.01-0.68)

MOCHA, 1996 (28) (low dose) 5/83 5/28 034 (0.11-1.08)

Olsen et al, 1995 (25) 1136 0/24 B— 2.03(0.0947.78) z : :

P sl 19%27) wozize  * dépends HR lowering (tertiles)
Subtotal 2410 19 0.64 (0.48-0.86) ]
Total events: 120 (p-blocker); 182 (placeba)

Test for heterogenalty: chl-square = 8.35; P = 0.30; I = 162% 0.64 (0 48-0 86)

Test for overall effect z = 3.01 (P = 0.003) A l18% RR by 5 bpm HR decrease

Tertile 2
Anderson et al, 1985 (19) 5/25 6/25 — 0.83 (0.29-2.38)
Bristow et al, 1994 (38) (high dose) 0/35 oM Not estimable
CIBIS, 1994 (34) 53/320 [YErS| — 0.79 (0.57-1.10)

&+

CIBIS 11, 2001 and 1999 (11, 35) 156/1327 2281320 0.68 (0.56-0.82)

CIBIS Il 2005 (36) 2B 2505 _ g moasn ®  NOt related to the dose !
-

COPERNICUS, 2001 (31) 130/1156 190/1133 0.67 (0.54-0.83)
ENECA, 2005 (42) 7134 7M26 —a————— 0.94(034-267)

MOCHA, 1996 (28) (medium dose} 6/89 4/28 — 0,47 (0.14-1.55)
Subtotal 3591 3469 ‘ 0.70 (0.62-0.79)
Total events: 380 (3-blocker); 534 (placebo)

Test for heterogenelty: chl-square = 1.67; P=0.95; 12 = 0% 0.7 (0.62-0.79) 0 Dose > 50% target dose

Test for overall effect: z = 5.80 (P < 0.001)

Tartile 3 —_
" 20/207 26/208 0.77 (0.45-1.34) RR - 074

ANZ, 1997 (30)
BEST, 2001 (39) 41171354 449/1354 0.92 (0.82-1.02)

Bristow et al, 1994 (38) {low dose) 1/38 112 0.32 (0.02-4.67) 0
Bristow et al, 1934 (38) (medium dose) 3/32 1M < 1.03(0.12-8.92) o) Dose < 50 /0 targ et dose
CARMEN, 2004 (33) 1419 14/190 0.99 (0.43-2.03)
MDC, 1993 (20) 23194 217189 1.07 (0.61-1.86)
SENIORS, 2005 (41) 169/1067  192/1061 0.88 (0.72-1.06) R R - 0 . 7 8
Woodley et al, 1931 (37) 0/30 0720 Not estimable
13 3045 0.91(0.83-0.99)

0.91 (0.83-0.99)

Mc Alister et al, Annals Int Med 2009




Should we aim at maximal dosing or at specific heart rate (in SR) ?

50

>75 bpm

70-<75 bpm
60-<65 bpm
65-<70 bpm

<60 bpm
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Swedberg et al, the SHIFT Trial, Lancet 2010




Should we aim at maximal dosing or at specific heart rate (in SR) ?

HR >70 bpm insinus rythm, Ivabradine vs placebo

A

404 —— Placebo (937 events)
—— Ivabradine (793 events)
_| HRO0-82(95% Cl075-0-90), p<0-0001
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0 6 12 18 24 30

Month
Mumber at risk ontns

Placebo group 3264 2489 2061 1089
vabradine group 3241 2600 2173 1191

Swedberg et al, the SHIFT Trial, Lancet 2010



Optimizing heart failure therapy

in advanced heart failure :

Other therapies




Other therapies to optimize HF treatment in AdHF

CRT

Of benefit in ambulatory stage IV patients

Probably of benefit in inotrope dempendent patients

SGLT2i

Not enough data instege IV patients, not enough data in AdHF




Other therapies to optimize HF treatment in AdHF

Omecantiv mercabile

Primary Outcome

Hazard ratio, 0.92 (95% Cl, 0.86-0.99)
50+ P-0.03
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Months since Randomization

NYHA class
[
[l or IV

LVEF
=Median (28%)
>Median (28%)

0.97 (0.87-1.08)
0.88 (0.80-0.97)

0.84 (0.77-0.92)
1.04 (0.94-1.16)

Teerlink J, the GALACTIC-HF trial, NEJM 2020



Mrs I. M; 58 years old in 2017

After 1 year

Clinical Assessment

- No congestion, IVC 17 mm, inspiratory collapse 40%
- BP:94 /60 mmhg

- Sinus rythm 64 bpm, narrow QRS (90 ms)

Investigations
- LVEF 35%, no significant MR, no RV dysfunction
- Peak VO2 : 15.4 ml/kg /min, VE/VCO2 slope 32.5




Mrs I. M; 57 years old in 2017

Labo :

- NTproBNP 1600

- Creatinine 196 umol/I
- K+4.9 mmol /L

Treatment
Candesartan 8 mg x 2
Carvedilol 12.5 x 2
Spironolactone 25 mg
Torasemide 5 mg

ICD in primary prevention, no sustained VT
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