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What do we mean?

CRT-P

Monitoring

¢

RECUCE-FMR
A Randomined, Double-Blind, Proof.of-Concapt Study of the Carillcn
Davice i 120 Patinnts with HIcEF sod TMR Showing:

ICD / CRT-D




Chronic heart failure LPIMRRC L EMAK

Chronic and persistent heart impairment:

Symptoms of breathlessness, fatigue or congestion
500,000 people in the UK, 26 million across the globe
High hospitalisation rate
Shortened life expectancy
Elevated risk of death due to

1) arrhythmia

2) deteriorating HF

3) co-morbidities and frailty

Proven medical and device treatment

Myhéart.net © 2018
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HFrEF: Positive trials 2001-2020 RWTH

@ SGLT2i @ Omecamtiv mecarbil

@ H-ISDN @ Angiotensin receptor blocker (ARB) )

B MRA Ivabradine Head-to-head comparison

. Beta-blocker |mp|antable cardiov_erte-r defibrillator/ REEEEE I:.) ...................... 1.: "(.:I ....... .

® Surae cardiac resynchronization therapy (ICD/CRT) : ose-response study

-ARNgI ry . SGC Stlmulator s EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEmEnmn? GALACTIC

SENIORS SHIFT PARADIGM-HF || EMPEROR
CHARM-AIt
H

F-ACTION? DAPA-HF
oo Rl AHerT HEAAL

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 —— 2019 | 2020

| |
COMPANION RAFT

SCD-HeFT MADIT-CRT STICH
: 1. Rate vs. rhyth trol
CARE-HF Heart Mate I inaa(teri\::":\ISfi{arﬁlat?;lnr{w3 ?ngc))

2. Exercise prescription

VICTORIA
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A Primary End Point
1
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blished medical therapy improves p
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C Hospitalization for Heart Failure
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D Death from Any Cause

Hazard ratio, 0.84 (33% Cl, 0.76-0.93)
P<0.001
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LCZE%6 4187 4056 3391 3282 2478 1716 1005 280
Enalapril 4212 4051 3860 3231 2410 1726 994 279

McMurray, et al. N Engl J Med 2014

rognosis
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307
HR 0.74 (0.65, 0.85)
2517 p=0.00001
NNT=21
g ® 20T
3 % 1
Eg1S
=
O_I 1 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 24
Number at Risk Months since Randomization
Dapaglifiozin 2373 2305 2221 2147 2002 1560 1146 612 210
Placebo 2371 2258 2163 2075 1917 1478 1096 593 210

McMurray )V, et al. N Engl J Med 2019;381:1995-2008



SGLT2I improve cardiovascular death or ik
hospitalisation for heart failure

40 =
Relative risk
reduction
X 30T
"g = Placebo Absolute risk
S O reduction
£ T
5 C
; e 20—
29 NNT=19*
£ Empagliflozin (95% Cl 13, 37)
¥ T
w £  10-
HR 0.75
(95% Cl 0.65, 0.86)
0= P<0.0001

T T T T T T T T T T
0 90 180 270 360 450 540 630 720 810

Days after randomisation

Patients at risk
Placebo 1867 1715 1612 1345 1108 854 611 410 224 109

Empagliflozin 1863 1763 1677 1424 1172 909 645 423 231 101

Empagliflozin significantly reduced the composite risk of cardiovascular death

or hospitalisation for heart failure vs placebo

*Based on the 25% RRR (5.2% ARR) demonstrated for reduction in CV death or HHF, the patients who would need to have been treated with empagliflozin to prevent one primary
event was 19 (95% Cl, 13 to 37). Cox regression model including covariates age, baseline eGFR, geographic region, baseline diabetes status, sex, LVEF and treatment.

ARR: absolute risk reduction; Cl: confidence interval; CV: cardiovascular; eGFR: estimated glomerular filtration rate; HR: hazard ratio; LVEF: left ventricular ejection fraction; NNT:
number needed to treat; RRR: relative risk reduction Packer M et al. N Engl J Med. 2020;383:1413-1424.
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Acetazolamide in Decompensated Heart failure with Volume OveRload trial IRYWWTH

ADYOR

Baselne charactenstics: elderly heart fadure population

N =518 wel-reated. with a severe degree of volume overoad
Doutle-blind, randomized Mean age 78 years
I | l l p 63% men
30 Hospials n Belgium 57% LVEF > 40%
Signficant degree of volume overload: 78% cederna
Acute heart fabure with up 10 knee or above

volume overioad

SXN

Stratfed acconding %o LVEF " OOSG -

L
High dose loop diuretics B ATHENA —
+ Acetazolamide 500 mg IV
m
High dose lcop diuretics B CARRESS-HF "™ h
' A

+ Matching piacebo

Maintenance loop diuretics o Median NT-proBNP 6173 pg/mL
for 3t least 1 month

Overal tugh basaine hoart faiure medicason prescrption,
NTproBNP > 1000 pgémi W ADVOR Comparatie to Other large Chretc nals in AHF

ACEVARAMRN]  Beta-Blecher

ADVOR is the largest diuretic tnal in AHF with succesful decongestion as a primary endpoint
L The eiderly enrolied population provides a good reflection of the real-world AHF patients in daily chnical practice

5.0+ Absolute difference on day 2, 500+ Absolute difference on day 2, 9
45 0.5 liters (95% C1, 0.2-0.5) 4504 98 mmol (95% CI, 56-140) 1
-2 4,04 2 400
§ 3.5]1 § 350
.6 y " -
¢ g 3'0J Placebo gi 300
£ 23 Acetazolamide g E 250 Acetazolamide /
‘é 2 o—i = 200-
3 15 T 1504
1.0 o 100
03 | 50
00— T T 0 f T
Baseline 1 2 Baseline 1 2
Days Days

Mullens et al NEJM 2022



The Four Pillars of Heart Failure RWTH A 1
A new approach

l MRA

Comprehensive therapy

For every patient

Initiate
all four pillars

Optimise
dosing

Re-assess
symptoms and
LV function

Adapted from: Four Pillars of Heart Failure. Straw et al. 2021
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Heart Failure Survival at 1 year has improved

UK Heart 2
1.00 — 20_
UKHEART1  1990's Year of
UKHEARTZ 2000’s recruitment
2007
2008 '_I_rl_
_| 2010
15 2011
— 095 .
@ 2
g s
'_; (=]
E =
=
< 5oo -
0= T |
0.83 T T T 0 1 2
[u] 100 200 300
Time (Years)

Time (Days)

Cubbon et al Circ Heart Fail 2011
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Challenge: Mode of death in CHF 2006-2009
(ICD recipients excluded)

5 p<0.001

40 | p<0.001

35 -

30 -
25 -
20 -
15 -

10 -

=

Sudden Progressive Other CV Non CV

Cubbon et al Circ HF 2010
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Challenge: CRT-D v CRT-

A Primary End Paint B S=condary End Point
100+ P 100+
g |:l1alf1lzur:sr- F Pacemaler—defibrillatar
= &0 Pe014) = B0+ {105 events, P=0.003)
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Pharmacologc 306 176 115 72 46 M 16 E 1 Pharmacologic 10K 754 255 207 186 141 o4 57 45 35 4 7
- EF<35% — R
Pacernaker E17 384 204 2138 & TI 36 14 3 Facemaker 617 579 520 433 439 355 751 164 104 B0 I3 3
Pacernaker— 395 3&% 283 7 1X& &1 15 i 0 Facemaker- 395 555 517 470 420 331 719 148 95 47 11
. NYHA ClaSS ||| / IV defibrillator defibaillator
H C Death from or Hospitalzation for Cardicvascular Causes D' Death from or Hospitalization for Heart Failure
* Hosp previous 12/12 1o0- 100-
E F Pacemnaker—defibrillator
= =4 = B+ (217 avents, Pue0001)
" "
% &0 Pacemaker—defibrillator i B0 .
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ammacalogh o
b e b e theragy Y M
& Phan'n:mbgi::' o S & [145 evenis) Pacemaker
th 3 7 '
g 204 Ime:gm Pacetaier g 204 [237 swents, Pa0.003)
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o T T T T T T T T 1 o T T T T T T T T 1
O 130 240 350 480 SO0 T2 840 950 1080 0 120 240 350 480 G000 TI0 840 950 1080
Diays after Randomization Diays after Randomization
Mo at Risk Mo, at Risk
Pharmacologic 306 199 13 91 3% M N 8 I Pharmacologic 308 216 161 118 76 ¥ I3 11 I
theerapy therapy
Pacernaker EI7 431 389 M3 1 1 51 A2 5 Facemaker 617 40 427 355 ¥ 142 75 35 9
Pacernaker- 505 435 341 74 &7 B2 45 W 3 Facemaker- 595 407 411 343 3% 131 71 X7 5
defibrillator defibaillator

Bristow et al: many many many years ago (B.C.)
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Challenge: CERTITUDE (CRT-P v CRT-D)

Prospective, multicentre cohort study, 1705 .l

patlentS . 40% ﬂ
CRT-P patients were older, with more

advanced HF, and co-morbidities when R

compared with CRT-D recipients. )

At 2-years, CRT-P patients had 2-fold higher

mortality than CRT-D

0 100 200 300 400 500 600 700 800
Follow-up (days)

Excess mortality among CRT-P subjects was
almost entirely related to non-SCD

40%+ =
—— CRT-D
—— CRT-P

Limited benefit from a defibrillator.

35%+

% |
S0 P-value Gray's test = 0.35
25%

20%

Cumulative incidence of sudden death

10%-

5%

0%+ T T — T T T
0 100 200 300 400 500 600 700 800
Follow-up (days)

Marijon et al EHJ 2015



Challenge: DANISH trial

Sudden Cardiac Death
1.0
0.94 Death from Any Cause
g 084 1.0+
€ 07- 0.9
Sub S -
ubgr L’J 0.6 | o 084
A q>J 0.5+ Haj "c-ui
g<59 2 04 P= ; 0.7
2 g 0.3+ g 0.6-
NTprd “ 0.2- "; 0.54 Hazard ratio, 0.87 (95% Cl, 0.68-1.12)
<1 0.1 2 P=0.28
=11} 0.0 E 0.4-
0 E 0.3 Control Group
=
Y 0.21 ICD Group
No. at Risk 0.1-
Control 560 ’
Group 0.0 | | : |
ICD Group 556 0 1 2 3 4 g 6 7 3
Years

Kober et al. NEJM 2016
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Challenge: SCD and Total Mortality in HFrEF RWTH

Table 2 Rates of therapy and all-cause mortality in treatment arm of selected RCTs and the Israeli ICD registry

Average Average annual rate of 1-Year all-cause
Trial Year duration (mo) appropriate shock, % mortality, %
MADIT II 2002 24 17 9
SCD-HeFT 2005 45.5 5 6
PREPARE 2008 12 5.4 4.9

MADIT-RIT 2012 16 3 3
ICD Registry _\2019/_ 20 V 6

8
S 7
& % MER|T-HF
i —
-
[\ 2
b} LE .
(a) A _
= F CORONA
s L CAARM=Added . _ _ ‘
s CHARM-Alternative ~ ~ ~ = ==ao__ _ J— PR S =RF
@ (T)cHARM-Added [ Tm=ee.eao__ /
..(.“. == - ‘-Q--
o ,_.; / \ r |
S (| CHARM-Alternative( + ) L EMPHASIS-HF
2 : 'GISSI-HF 28
g ‘
= I
I I N I N I I
) o) S S S S S N S o S Q S S S 5 &
G A L R R L S

SCD risk iS reducing....
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Things have changed in heart failure...

"Yeah, | see him too...But nobody wants to talk about it!"

Do we still need: defibrillators?
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Insurance covers unexpected and unpredictable events:
if they were expected or predictable we wouldn’t need insurance
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Preventing arrhythmic death in HFrEF

Hazard Ratio (97.5% Cl) P Value
Amiodarene vs. placebo 1.06 {0.86-1.30) 053
1CD therapy vs. placebo 0.77 {0.62-0.96) 0.007

L4~
e Placebo

2-- (244 deaths; 5-yr event rate, 0.361)

0.3~ ICD therapy

Amicdarone ¢ (182 deaths; 5.yr event rate, 0.289)
2 (240 deaths; 5-yr event rate, 0.340) S i
& o r’-‘—-‘
£ 02+ it
’
J
£ s
=2
0.1+
00 ; . l
0 12 24 36 48 60
Months of Follow-up
No. at Risk
Amiodarone 845 772 715 484 280 97
Placebo 347 797 724 505 304 29

ICD therapy 829 778 733 501 304 103
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The reality....



After 7 years of ARNI LIMRRCLERIC
Do we still need devices?

(even in a well organised/funded healthcare system)

0.10
|

HR=0.80 (0.68, 0.94)
P=0.008

0.08

0.06
|

Even with Sac/Val, the risk of mortality
(and hospitlaisation) persists

0.04
|

0.02
|

0.00
|

T T T T T T T T —
0 180 360 540 720 900 1080 1260
Days since Randomization
Number at risk
Enalapril 4212 4051 3860 3231 2410 1726 994 279
LCZ 4187 4056 3891 3282 2478 1716 1005 280



Time

Several other iIssues to consider

Tolerabllity

(A) Change in LVEF

Change in LVEF (%)

125 4

10.0 4

7.5 4

5.0 4

25 4

0.0 ~

UNIKLINIK
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(even in a well organised/funded healthcare system)

0.08 0.10
L L

0.06
L

<
o
o

o
S
o

o
S
o

Immediate protection

T
0

Number at risk

T
180

Enalapril 4212 4051
LCZ 4187 4056 3891

P-value overall <.001

\ 24/26 mg )

49/51mg 97/103mg
Dose of Sacubitril/Valsartan

T
360

T T T T T
540 720 900 1080 1260

Days since Randomization

3860

3231 2410 1726 994 279
3282 2478 1716 1005 280

(B) Changein LVESV

Change in LVESV (%)

+10.0

0.0 T

-10.04

—-20.04

-30.0 4

—-40.0 1

n=141 patients (5 died and 4 stopped taking the drug
over 118 days)

100% on ACEI/ARB at outset (mean 57% of target)
65% on >100mgBD (mean dose 53% of target: 35% on
a dose associated with progression)

P-value overall = .031

24/26 mg 49/51mg 97/103mg
Dose of Sacubitril/Valsartan

Martens et al. CV Therap 2018
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We consistently don’t get the drugs righ

US and Netherlands: CHAMP-HF (>3500 patients) and CHECK-HF (>10,000)

Overall Cohort

A 100% -
90%
80%
2 70% u % treated with agent
g
g 60%- a % not treated with agent
2
£ s0%- &
£ 40% g
o
5 30% =
20%
10%
0%+ i o
s} 3 0 o = 7} s} s o
ACEVARB/  Beta- 4 F @ 4 z @ 4 z @
ACEI/ARB ARNI A St MRA < [ < o < &
w w w
= Without Contraindication and Not Treated 1374 3029 920 159 2317 g g ‘;,:’
« Treated 2107 452 2536 2351 163 <50 50 - <100 5100
With Contraindication 37 37 62 8 38
B % Target Dose
Angiotensin-Converting Enzyme ACEI = angiotensin converting enzyme inhibitor; ARNI =angiotensin receptor- neprilysin inhibitor; ARE =
Inhibitor (AC i in Recep ilysi angiotensin receptor blocker; BB = beta blockers, SBP = systolic biood pressure
Receptor Blocker (ARB) Inhibitor (ARNI) ACEI/ARB/ARNI

I I p B - . .
Beta-Blocker Mineralocorticoid Receptor =21
Antagonist (MRA) (1.8%)

m<50% mM50to<100% W 2100% “ a

(=T

179

Greene et al; JACC 2019
Brunner La-Rocca et al; JACC-HF 2019



...robust benefit from ICDs in the
remodelled cohort iIn SCDHeFT

1.0 B AL ST p—
0.8
oy
S0
=
& EF <35, %
§ Placebo
5 0.4 R /)
= |
v
EF >35, %
024 caacaa- Placebo
=cveme |CD
0+
0 12
No. at risk
EF <35, %
Placebo 464 402
ICD 438 404
EF >35, %
Placebo 185 173
ICD 186 176

24
Follow-up, mo

295
291

121
120

-------------------

36 48
171 62
168 66
72 23
62 21

UNIKLINIK
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Adabag et al; JAMA-Cardiol 2017



Risk Factors for SCD RWTHAACH:

LV-Pumpfunction (EF)
Stresstest

Koronarangiographie

Cardiac Substrate

* Infarction
* LV-dilatation
+ Hypertrophy Heart rate turbulence
Herzfrequenzvariabilitat
Baroreflex-Sensitivitat
SCD
VF/ VT
Brady
Modulating influences
Electrical abnomalities * Autonomic nervous
* Depolarisation S
* Repolarisation | Electrollytes .
* Slow conduction » Endocrinological

abnormalities

T-Wellen-Alternans
Spatpotential
QT-Dispersion

Zaman et al., Heart lung circ, 2019
Akhtar et al., Curr cardiol report, 2019
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What about other contributors? - scar / fibrosis?

Sudden cardiac death or aborted sudden cardiac death

Why are we relying on LVEF?

Because it’s fairly good and easy
* N=472, 1 e

Event-Free Survival, %

0 2 4 5] 8 10
Time, y
* mean EF 37% B w503
[ . . A 1.0q = LV Ee=— BI.O =
* midwall fibrosis +/- — —
_ 084 L _ 084 1
E — z
- LVEF falls out in multivariabl T T
LVEF falls out in multivariable
I o g 0.4 g 0.4
> >
a n a yS I S = 0.2+ _— P=0.01 = 0.2 P=0.03
—— LGE+
0.0 T T T 0.0 T T T
0 200 400 600 800 0 200 400 600 800
Number Follow Up Duration (Days) Follow Up Duration (Days)
At Risk
LGE- 66 63 44 29 19
LGE+ 35 29 21 14 8

Gulati et al. JAMA 2013
Assomull et al JACC 2006



Sudden death persists especially in those RWTHACHE

with co-morbidities

80° Sudden cardiac death
(%)
60" |
K i
9\_/ — Ary comabidity - i —o—
2 M 3 | |
c_g 40- Ischaemic heart failure - —e—
o) H
S Diabetes mdlitus - | —e—
= f
COPDA L el
20 |
CKDIVM - }—-—Q—i
0.1 1 10
O_

! _ Hazard ratio
All-cause Non-CV  Progressive HF

Mode of death

Straw et al; ESC-HF 2020
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Are we casting aside a generation of data?

Risk Groups Odds Ratio Mortality
(95% confidence interval) Reduction

(" AVID (n = 1,016) —- 0.59 (0.43, 0.81) 8.2%

CIDS (n = 659) —.— 0.81 (0.57, 1.14) 4.3%

ss:;ﬁgfl‘::saﬂ;‘;';:ﬁf,ﬂe < CASH (n = 288) 0 0.71 (0.43, 1.18) 8.1%

MADIT | (n = 196) o 5 0.30 (0.15, 0.59) 22.8%

_ MUSTT (n=514) od 0.34 (0.22, 0.53) 23.0%

7~ MADIT Il (n = 1,232) —- 0.68 (0.50, 0.92) 5.4%

AMIOVIRT (n = 103) = 0.86, (0.27, 2.75) 1.7%

Heart failure or LV < CAT (n = 104) E. 0.76 (0.33, 1.80) 5.4%

dysfunction alone COMPANION (n = 903) —'— 0.64 (0.46, 0.90) 7.3%

SCD-HEFT (n = 1,676) —.— 0.70 (0.56, 0.87) 6.8%

_ DEFINITE (n = 458) =] 0.66 (0.39, 1.11) 5.2%




@ESC ESC Heart Failure Guidelines 2021

European Society
of Cardiclogy

Primary prevention

An ICD is recommended to reduce the risk of
sudden death and all-cause mortality in patients
with symptomatic HF (NYHA class Il -1Il) of an
ischaemic aetiology (unless they have had a Ml in
the prior 40 days—see below), and an LVEF
<35% despite >3 months of OMT, provided
they are expected to survive substantially longer
than 1 year with good functional status,'®"'%?

An ICD should be considered to reduce the risk
of sudden death and all-cause mortality in
patients with symptomatic HF (N'YHA class
II—1Il) of a non-ischaemic aetiology, and an LVEF
<35% despite =3 months of OMT, provided

they are expected to survive substantially longer
161,166,167

than 1 year with good functional status.

> Consistent in 2016

Baseline risk in the NICM cohort in
2017 meta-analysis was 5.4% with
a RRR of 0.76 for ICD (Shun-shin
EHJ 2017)

‘ Step down in recommendation in NICM

Cave:
*  DANISH: duration of HF was 20mths by enrolmment
* NICM is heterogenous illness (Fibrosis, Genetics,...)

Eur Heart J, Volume 42, Issue 36, 21 September 2021, Pages 3599—-3726, https://doi.org/10.1093/eurheartj/ehab368



https://doi.org/10.1093/eurheartj/ehab368
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Trends in Sudden Cardiac Death =

4 MER T.HI CHARM-Added I‘ __________
==, e

3+ SCl FT CHARM-Alternative EMPHASIS-HF i )
disisAI GISSI-HF
SCD=HeFT

4|

104 ) . Population
Slope (per decade), -1.22 per 100 patient-yr; P=0.02 5000
ol T 1000
%\ o Control group
k= RALES Experimental-therapy
é‘- group
= 7 PARADIGM-HF: no. (%)
%) & y M NYHA | 389 (4.6)
RALES: no. (% = .
NYRA I 7 (04) 5 Lo o NYHA II 5,919 (70.6)
= == - - CORONA
NYHA Il 1,173 (70.5) g o o AT A e addad NYHA Il 2,018 (24.1)
NYHA IV 483 (29.1) a T CHARM.Alternative |~~~ ====ao___ PARADIGM-HF NYHA IV 60 (0.7)
s
g
<

| T | T T T T T T
& ) > & D > s A $ & o >
3 & o & o o & o & N & X o
S . S, S S S S M

Year of Randomization

1: Without control groups from RALES, BEST, and MERIT-HF the line is relatively flat
2: The SCD-HeFT control mortality is equivalent to the PARADIGM therapy group
3. 80% of people in SCDHeFT were on a beta-blocker

Shen L NEJM 2017
(Courtesy Dr Meine Utrecht)



CRT-D
CRT-P

P=0.04

3-year HR 0.82 (95% CI 0.68-0.99)

| 1-year HR 0.76 (95% CI 0.58-0.98)
| P=0.03
]

SWEDE-HF

CRT-D v CRT-P

1 yrACM 16.9% v 21.6%
1 yr CV mortality 13.8% v 18.7%

Probability of cardiovascular
death
(%))
S
X

0

645
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1

2

Time (years)
Number at risk
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282 CRT-D
250 CRT-P
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s CRT-D
s CRT-P

3-year HR 0.82 (95% CI 0.67-1.01)
P=0.06

| 1-year HR 0.72 (95% Cl 0.54-0.95)
|
1

P=0.02
0 1 5. 3
Time (years)
Number at risk
| 45 468 358 282
| 845 457 328 250

Courtesy Benedikt Schrage
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= e Why the argument — just give everyone CRT-D!

Complications
Battery life

False shocks
Inappropriate shocks
Complications

Cost Effectiveness — optimizing care for society

Balancing personalised care with societal care
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Cost effectiveness of CRT-D v CRT-P In Germany
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Straw, Mullens, Witte Heart 2022
Hadwiger et al EHJ 2022
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Prediction of SCD and total mortality — ‘benefit of ICD’

Towards personalised care:

Can we discern people at higher risk of SCD and lower risk of
NCD or HF death?

SCD risk

Clear No indication
indication (low SCD, low non-

(high SCD, low non- SCD risk)
SCD risk)

Non-SCD risk

No indication

(low SCD, high non-
SCD risk)

Courtesy Benedikt Schrage



SwedeHF

Heart-Failure-Registry
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Prediction of SCD and total mortality — ‘benefit of ICD’

13,475 unique patients
meeting the enrolment
criteria

2,093 patients treated
with ICD

|

11,382 patients not
treated with ICD

Logistic regression model to evaluate predictors of ICD use
Cox regression model for outcome
= Primary endpoint: 3-year all-cause mortality
= Secondary endpoint: 3-year cardiovascular mortality

Courtesy Benedikt Schrage
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rediction of SCD and total mortality — ‘benefit of ICD’

40%

30%

ICD use
20% No ICD use: No ICD use: I No
81.8% 86.5% O
Yes

% of the SwedeHF study cohort

No ICD use:
80.2%

10% No ICD use:
88.5%

ICD use:
19.8%

ICD use: ICD use: ICD use:
11.5% 18.2% 13.5%

0%
Low mortality & Low mortality & High mortality & High mortality &

low SCD high SCD low SCD high SCD Courtesy Benedikt Schrage



SwedeHF

Heart-Failure-Registry
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rediction of SCD and total mortality — ‘benefit of ICD’

40%

30%

20%

% of the SwedeHF study cohort

10%

0%

No ICD use:
88.5%

ICD use:
11.5%

Low mortality &
low SCD

No ICD use:
81.8%

ICD use:
18.2%

Low mortality &
high SCD

No ICD use:
86.5%

ICD use:
13.5%

High mortality &
low SCD

ICD use

[ No
. Yes

No ICD use:
80.2%

ICD use:
19.8%

High mortality &

high SCD Courtesy Benedikt Schrage
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RCT of CRT-P v CRT-D (2018 with follow-up until 2024)
Target 1356 patients, currently 836 recruited
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Donald Rumsfeld
1932-2021 AD

Dunning-Kruger effect
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www.understandinglnnovation wordpress com

UNIKLINIK

Al
KhOWIl and
Unknown

A Memoir


https://en.wikipedia.org/wiki/File:Rumsfeld_Known-and-Unknown.jpg
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The more you know, the more you realize how much you don't know

7 0\

Never more so than
with ICDs

.

Certainty Uncertainty
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Do we still need:
Cardiac resynchronisation therapy (CRT)?




LVEF (%)
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Do we still need: CRT?
&= NQRS
80+ @ WQRS with CRT
« WQRS without CRT
60 -
Early v ‘late’ (>1 yr); p<0.001)
404  &NQRS
& WQRS with CRT
o WORS without CRT
20 -
aseline 1-yéar

Maartens P et al. Cardiovasc Ther 2018
Straw S et al. J Cardiovasc Med 2021



Drug optimisation is facilitated
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Patients, n (%)

Daily dose (% of target)

Implantation 6 months P-Value Implantation 6 months P-Value
BB 620 (75) 724 (88) <<0.001 43 (22-75) 53 (27-90) <<0.001
ACEi/ARB 747 (90) 753 (91) 0.51 74 (44-97) 78 (45-100) 0.02
Aldosterone antagonists 475 (58) 490 (59) 0.28 51 (38-65) 49 (36-58) 0.46
Loop diuretic 654 (79) 676 (82) 0.05 80 (40—-120) 80 (40—140) 0.22
Covariate—adjusted survivor estimate
BB ACEi/ARB
0 Q
S S e
2 2
3 <4 S < A
wv wv
No No
N 1-50% N A 1-50%
>50% >50%
O o 4
0 2 4 6 8 0 2 4 6 8
Analysis time/year Analysis time/year
Aldosterone Diuretic
@ Q
E Q- _g ©
2 2
3> S <
wv (%]
N+ No AN 7 No
Yes Yes
o H o A
0 2 4 6 8 0 2 4 6 8

Analysis time/year

Analysis time/year

Witt et al EHJ-Cardiovascular Pharmacotherapy 2015



Constant monitoring
of the patient

; Signa‘lt§t . Secure
ransmitte: patient Telemonitorin,
through the database and alerts e

internet

(1)

Scheduled
remote follow-up

React to alerts

Interact with patient

Examples of information provided by implanted medical devices
RV systolic and diastolic pressure Patient activity

Estimated pulmonary artery Temperature
end-diastolic pressure Impedance

Change in pressure over time Respiratory rate
Pulmonary artery pressure Rhythm abnormalities
Left atrial pressure Heart rate variability
Heart rate

Do we still need:
(Remote) Monitoring?

UNIKLINIK
RWNTH



Critical points in the trajectory of a person with  uUNIKLINIK
heart failure rT

 Symptoms | . HFpEF | . HFEF |
s | \
! Diuretics +/- SGLT2i = B L Ej
 Attendance | R
\ For every pationt ’ Bascline I-year J
,, : i 5 N
 Referal ; ; —; ; ;
Valvular LV function Arrhythmia  Ischaemia  Co-morbidities
" —— Y




Monitoring: who, when, what, why ... ACTION

_ Decide
Identify

=

None ? ? ,‘é‘s ? ?

> e
I

|

Lu}*
High—— I
Risk Score

Elevated——

Today’s Risk Factors

Risk of Heart Failure Event

in Next 30d
N Nex ays AF burden [X

Medium——
Ventricular rate during AF[ ]

Patient activity [ )

Low——
Night heart rate | |

Heart rate variability [ ]

Today

UNIKLINIK
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ldentify those requiring more care early  TWrHeEr

Excellent

Palliative and
Supportive Care

Physical Function

Death

------ Sudden Death Event
Transplant or Ventricular Assist Device

Goodlin, JACC 2009



Remote monitoring in heart failure

Our monitoring comfort zone....

We know who to monitor.....

Diabetes mellitus
Radiologic pulmonary congestion
Previous HF hospitalisation
Loop diuretic dose(per mg)
NYHA class (vs class 1):
Class2 !

Class 3
Class4

Haemoglobin (per mgfdl)
Sodium (per mmoliL)
eGFR (per mliKg/min)

]
i
i L
Ischaemic aetiology —_—l .-
L]

LV end diastolic dimension (per mm)

LV ejection fraction (per %)
Atrial fibrillation on 24hr ECG

UNIKLINIK
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OR (95% ClI) 42 statistic

2.80(1.50-5.22) 9.89

3.72(1.87-7.03) 15.78

2.82(1.5-5.29) 9.77

1.02 (1.01-1.03) 12.54
10.31

1.32(0.46-3.78)

297(1.1-8.03)

ICD therapy

1 58(125272)

1.18(0.61-2.27) 0.24
0.91(0.77-1.08) 1.14
0.91(0.84-0.94) 5.41
0.99(0.98-1.01) 0.8
1.02 (0.99-1.06) 1.94
1.00(0.97-1.04) 0.06
1.06 (0.5-2.25) 0.23
1.51 (0.68-3.67) 0.93

04

0.3

1.6 3.2 6.4 12.8
OddsRatio

25.6

Cubbon et al Heart 2013
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...and we know (sort of) what to monitor

AF duration
 Partners-HF

* 694 patients with CRT-D
* Series of variables collected monthly Patient activity
11.7 months (2) Night heart rate

90 patients with 141 hospitalisations Heart rate variability
* Binary code requiring 2 criteria (of 8) %CRT pacing

ICD shock

Ventricular rate during AF

Fluid index

Whellan et al JACC 2010



Monthly Evaluations with Subsequent

Heart Failure Hospitalization (Pulmonary)

...and we know that we can (sort of) predict:

5% -

4% |

HF hospitalisation

P < 0.0001
Hazard Ratio = 5.5 (95% CI: 3.4 - 8.8)

UNIKLINIK

HF re-hospitalisation

P-Value
i 2 !
+ Diagnostic Prior HF Event? 0,04 0.848
Yes i
; 5.4 <0,0001
Mo ——
025 05 1.0 20 40 80 160

- Diagnostic

10 20 30

Days After Diagnostic Evaluation

Hazard Ratio

Whellan et al JACC 2010



. T UNIKLINIK
...and we think we can reduce decision time RWTHAACHEN

CONNECT (Clinical Evaluation of Remote Notification to Reduce Time
to Clinical Decision) Trial

i LB Protocol Required Alert Programming (Clinical Events)

Alert/Clinical Event Remote Arm In-Office Arm

Medtronic CareLink Home Monitor Yes No (not provided)

Clinical management alerts

AT/AF daily burden Automatic clinician alert (12 h/day) Off
5 Ventricular rate during AT/AF Automatic clinician alert (120 beats/min for =6 h AT/AF per day) off
1 @ Remote Arm i N
Number of shocks delivered Automatic clinician alert (2 shocks) off
=0.007
d B In-office Arm All therapies exhausted in a zone Automatic clinician alert (on) Off
NS
Lead/device integrity alerts
Lead impedance out of range Automatic clinician alert + audible patient alert (nominal ranges) Audible patient alert (nominal ranges)
4 - VF detection/therapy off Automatic clinician alert + audible patient alert (nominal ranges) Audible patient alert (nominal ranges)
Low battery voltage RRT Automatic clinician alert + audible patient alert (nominal ranges) Audible patient alert (nominal ranges)
Excessive charge time EOS Automatic clinician alert + audible patient alert (nominal ranges) Audible patient alert (nominal ranges)
831
-
[=]
7]
2 100
g p<0.001
= o
g t
£ 8
H
2
£
1 - 3 &
g
E
S
2
e
[3
0 §
Pt(s) with Clinical Event(s) Pt(s) without Clinical Event(s) .;. 0
0 4

Remote Arm (n=172) Control Arm (n=145)

‘Automatic clinician alerts were determined by clinicians to be meaningful in 62%
while only 24% of routine in-office device follow-ups provided new and

meaningful information’
Crossley G et al. J Am Coll Cardiol 2011;57:1181-9)



Implant-based multiparameter telemonitoring of patients INIKLINIK
with heart failure (IN-TIME): a randomised controlled trial

Gerhard Hindricks, Milos Taborsky, Michael Glikson, Ullus Heinrich, Burghard Schumacher, Amos Katz, Johannes Brachmann, Thorsten Lewalter,
Andreas Goette, Michael Block, Josef Kautzner, Stefan Sack, Daniela Husser, Christopher Piorkowski, Peter Segaard, for the IN-TIME study group*

qﬂ&ﬁ [95% confidence interval: 0.172-0.735]

p<0.01 100 =

= . My ¥
E p=0.004
= 9 —L‘_'—__I_
= S g4
5 S 9 10 deaths (3.4%]
AV S 94
T
=
E 92+
S
90 27 deaths [8.7%)
all-cause Mortality .

after 12 months . . ) , ,
0 100 200 300 400

Hindricks G. et al Lancet 2014;384:583-90
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Despite this background: REM-HF study

A Primary End Point

N 60 HR (95% CI) P Value
. g - Weekly download vs. Usual Care”:  1.01 (08710 1.18) 08727 — Usual care
S —Weekly download
>
RM Usual care o 50
N=824 N=826 u: ﬁ
=
- -3
Age (mean * SD) years 69.5+10.3 69.5+10.0 3 40
Male % 86 86 2
NYHA Cl g ”
| Class 585 (71%) 561 (68%) 2 3
" 238 (29%) 263 (32%) E 7
1(0.19 2 (0.29 Q
" (0.1%) (0.2%) % 20
LVEF (mean * SD)(%) 29.9+10.2 30.0+9.8 g
Documented coronary artery disease 563 (69%) 548 (67%) E 0
Q
Diabetes mellitus 208 (25%) 225 (27%) E
History of atrial fibrillation 339 (41%) 338 (41%) o
T f CIED
ypelgD 275 (33%) 276 (33%) 0
CRT-D 442 (54%) 438 (53% 0 6 12 18 24 30 36 42 48
0, 0,
CRT-P 107 (13%) 112 (14%) Follow-up time (months)
No. At Risk
Usual care 826 751 875 600 511 375 238 125 30
WNeekly download 824 732 643 592 522 385 246 118 27

Morgan et al; Eur Heart J 2017



Not with

* DOT-HF

335 patients

Implanted devices, free 100%
monitoring

Intrathoracic impedance and
other variables with audible alert

Increased hospitalisations and
out-patient visits,

No difference in outcome

out harm

UNIKLINIK

A 1007] B 1007
’§ Hazard ratio, 1.52 (Cl, 0.97-2.37) —— Access Arm Hazard ratio, 1.24 (Cl, 0.63-2.44) —— Access Arm
E 40 P=0063 — Control Arm 40 P=054 — Control Arm
=
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104 10
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0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Months since randomization Months since randomization
No. at Risk No. at Risk
Access Arm 168 156 144 130 97 66 a7 Access Arm 168 165 163 155 119 82 54
Control Arm 167 156 151 136 13 67 6 Control Arm 167 161 158 146 122 77 52
C 1007 D 100}
Hazard ratio, 1.79 (CI, 1.08-2.95) A Hazard ratio, 1.45 (Cl, 0.99-2.14) —— Access Arm
40 P=0022 Control Arm X 40 P=0.055 — Control Arm
S <
~ c
o .2
2 B
= ki
e T 30
g 2
. o
P T
5 5
c 209 T 20
o o
=] &
© o
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= 1
£ o
Z 104 T 104
8 @
s o
0 T T T T T T T T 5 T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Months since randomization Months since randomization
No. at Risk No. at Risk
Access Arm 168 156 144 130 97 66 47 Access Arm 168 143 127 110 81 55 38
Control Arm 167 156 151 136 13 67 46 Control Arm 167 150 141 127 101 60 37

Van Veldhuisen et al Circ 2011
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How to buy even more time or more certainty

Clinical Congestion

Hospitalization

Hemodynamic Congestion

weight ~ Symptoms

intrathoracic
impedance
autonomic  changes
adaptation
increase in
filling
pressure

HEMODYNAMICALLY STABLE PRESYMPTOMATIC CONGESTION DECOMPENSATION
-30 -20 -10 0

Time Preceding Hospitalization (Days)

* Graph adapted from Adamson, P. B. (2009). Pathophysiology of the transition from chronic compensated and acute decompensated
heart failure: New insights from continuous monitoring devices. Current Heart Failure Reports, 6(4), 287-92.
https://www.ncbi.nIm.nih.gov/pubmed/19948098
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CardioMEMS™ HF System for the Management of HF

TARGET LOCATION FOR

PA PRESSURE SENSOR
PULMONARY

ARTERY PRESSURE
SENSOR

PATIENT

ELECTRONICS
SYSTEM

MERLIN.NET™
PCN
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Monitoring with CardioMEMS™ HF System Leads to
Reduction in Mean PA Pressure from Baseline

100 -
80 -
60 -
40
20-

04

2204
40
-60-
-804

-100-

-120-

-140-
-160 m= Control (33.1 mmHg days)

-180 - mm  Treatment (-155.7 mmHg days)

-200 -

_220 _| I I 1 1 1 1

0 30 60 90 120 150 180
Days from Implant

PA Mean Pressure AUC (mmHg days)

Targeting PA pressures and titrating medications

results in reduction of mean PA pressure over time.
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Primary Efficacy Endpoint Met with Significantly Reduced
Heart Failure Hospitalization

33% RELATIVE RISK REDUCTION IN HF HOSPITALIZATIONS:
TREATMENT GROUP VS. CONTROL GROUP

2
1.8 CONTROL
1.6
1.4
1.2 TREATMENT
1
0.8
0.6
0.4
0.2
0
0 90 180 270 360 450 540 630 720 810 900 990 1080

Days From Implant

p < 0.0001

Cumulative Hazard Rate

No. at Risk
CONTROL 280 267 254 241 210 175 131 101 62 27 12 5 0
TREATMENT 270 262 246 235 197 164 125 105 75 38 8 3 0

Abraham W, et al. Lancet, 2016
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Thomas Huxley 1825-1895

‘the deepest sin against the human
mind is to believe things without
evidence’



http://en.wikiquote.org/wiki/File:T.H.Huxley(Woodburytype).jpg
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Do we still need:

‘Response’



Population level ‘response’

QRS >150ms (or 120ms with simple
dyssynchrony)

EF<35%
NYHA class Il / IV

UNIKLINIK
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1.00 =
; Hazard Ratio 0.64
1 (95% CI 0.48 to 0.85; P<0.0019)
0.75 - T
; CRT
S
> L
E 0.50 o Mean FoIIow-up\
3 L
n
0.25 1
1 Mean Follow-up 29.4 months (range 18.0 - 44.7)
: CRT Deaths = 82 (20.0%)
J Medical Therapy Deaths = 120 (29.7%)
0.00 — ——— ——— 2
0 400 800 1200 1600
Number at risk Time (days)
CRT 409 376 351 213 89 8
Medical therapy 404 365 321 192 71 5

Cleland et al. NEJM 2005
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Challenges of individual ‘response’: NTH

the ‘Disease Modification” approach

Traditional
Non-HF ‘responder’

QoL

Functional
capacity CHF } CHF responders

LV function

CRT Implant class
/v

Time

Cubbon and Witte BMJ 2009
Mullens et al EJHF 2021



UNIKLINIK
R\NTH

S0... why do we care about response?

Decision regarding indication?



@ ESC European Heart Journal (2021) 00, 1-94 ESC GUIDELINES { J‘)EE]DB J&_ jrﬂ\_g —rg
European Society doi:10.1093/eurheartj/ehab364 Rm
of Cardiology

2021 ESC Guidelines on cardiac pacing and
cardiac resynchronization therapy

Developed by the Task Force on cardiac pacing and cardiac
resynchronization therapy of the European Society of Cardiology (ESC)

With the special contribution of the European Heart Rhythm
Association (EHRA)

Authors/Task Force Members: Michael Glikson * (Chairperson) (Israel),

Jens Cosedis Nielsen* (Chairperson) (Denmark), Mads Brix Kronborg (Task Force
Coordinator) (Denmark), Yoav Michowitz (Task Force Coordinator) (Israel),
Angelo Auricchio (Switzerland), Israel Moshe Barbash (Israel), José A. Barrabés
(Spain), Giuseppe Boriani (Italy), Frieder Braunschweig (Sweden), Michele Brignole
(Italy), Haran Burri (Switzerland), Andrew J. S. Coats (United Kingdom),
Jean-Claude Deharo (France), Victoria Delgado (Netherlands), Gerhard-Paul Diller
(Germany), Carsten W. Israel (Germany), Andre Keren (Israel), Reinoud E. Knops
(Netherlands), Dipak Kotecha (United Kingdom), Christophe Leclercq (France),
Béla Merkely (Hungary), Christoph Starck (Germany), Ingela Thylén (Sweden),
José Maria Tolosana (Spain), ESC Scientific Document Group

Document Reviewers: Francisco Leyva (CPG Review Coordinator) (United Kingdom), Cecilia Linde
(CPG Review Coordinator) (Sweden), Magdy Abdelhamid (Egypt), Victor Aboyans (France), Elena Arbelo
(Spain), Riccardo Asteggiano (Italy), Gonzalo Barén-Esquivias (Spain), Johann Bauersachs (Germany),
Mauro Biffi (Italy), Ulrika Birgersdotter-Green (United States of America ), Maria Grazia Bongiorni (Italy),
Michael A. Borger (Germany), Jelena Celutkiené (Lithuania), Maja Cikes (Croatia), Jean-Claude Daubert
(France), Inga Drossart (Belgium), Kenneth Ellenbogen (United States of America), Perry M. Elliott
(United Kingdom), Larissa Fabritz (United Kingdom), Volkmar Falk (Germany), Laurent Fauchier (France),
Francisco Fernandez-Avilés (Spain), Dan Foldager (Denmark), Fredrik Gadler (Sweden), Pastora Gallego
Garcia De Vinuesa (Spain), Bulent Gorenek (Turkey), Jose M. Guerra (Spain), Kristina Hermann Haugaa
(Norway), Jeroen Hendriks (Netherlands), Thomas Kahan (Sweden), Hugo A. Katus (Germany),
Aleksandra Konradi (Russia), Konstantinos C. Koskinas (Switzerland), Hannah Law (United Kingdom),
Basil S. Lewis (Israel), Nicholas John Linker (United Kingdom), Maja-Lisa Lechen (Norway), Joost Lumens
(Netherlands), Julia Mascherbauer (Austria), Wilfried Mullens (Belgium), Klaudia Vivien Nagy (Hungary),
Eva Prescott (Denmark), Pekka Raatikainen (Finland), Amina Rakisheva (Kazakhstan), Tobias Reichlin
(Switzerland), Renato Pietro Ricci (Italy), Evgeny Shlyakhto (Russia), Marta Sitges (Spaln), Mlguel Sousa-Uva
(Portugal), Richard Sutton (Monaco), Piotr Suwalski (Poland), Jesper Hastrup
Rhian M. Touyz (United Kingdom), Isabelle C. Van Gelder (Netherlands)¢RKevin Vernooy (Netherlands),
Johannes Waltenberger (Germany), Zachary Whinnett (United Kingdonf), Klaus K. Witte (United Kingdom)

Eur Heart J 2021; 12:1-94
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Recommendations Class Level
LBBB QRS morphology

CRT is recommended for symptomatic patients with HF in SR with LVEF <35%,
QRS duration 2150 ms, and LBBB QRS morphology despite OMT, in order to I
improve symptoms and reduce morbidity and mortality.

CRT should be considered for symptomatic patients with HF in SR with LVEF

<35%, QRS duration 130-149 ms, and LBBB QRS morphology despite OMT, in lla B
order to improve symptoms and reduce morbidity and mortality.

Non-LBBB QRS morphology

CRT should be considered for symptomatic patients with HF in SR with LVEF

<35%, QRS duration 2150 ms, and non-LBBB QRS morphology despite OMT, in lla B
order to improve symptoms and reduce morbidity.

CRT may be considered for symptomatic patients with HF in SR with LVEF <35%,
QRS duration 130-149 ms, and non-LBBB QRS morphology despite OMT, in order lib B
to improve symptoms and reduce morbidity.

QRS duration

CRT is not indicated in patients with HF and QRS duration <130 ms without an
indication for RV pacing.
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S0... why do we care about response?

Decision regarding indication?

Decision regarding post implant management
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Challenges of individual ‘response’: NTH

the ‘Disease Modification” approach

Traditional
Non-HF ‘responder’

QoL

Functional
capacity CHF } CHF responders

LV function

CRT Implant class <
v

Time

Cubbon and Witte BMJ 2009
Mullens et al EJHF 2021



Critical points in the trajectory of a person with  uUNIKLINIK
heart failure rT

 Symptoms | . HFpEF | . HFEF |
s | \
! Diuretics +/- SGLT2i = B L Ej
 Attendance | R
\ For every pationt ’ Bascline I-year J
,, : i 5 N
 Referal ; ; —; ; ;
Valvular LV function Arrhythmia  Ischaemia  Co-morbidities
" —— Y
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What is advanced heart failure and how do we spot it?

All of the following:

1. Severe and persistent symptoms of heart failure (NYHA III)
2. Severe cardiac dysfunction (one of)
LVEF<30%
RV failure
Severe non-operable valve or congenital abnormalities or congenital
Persistently high NT-pro-BNP
3. Functional evidence of cardiac dysfunction (one of)
Recurrent congestion or pulmonary oedema requiring i.v. diuretics
Low output state requiring positive inotropes
Malignant arrhythmia causing >1 unplanned hospital visit in 12 months

4. Severe impairment of exercise capacity (<300m or <12ml/kg/min or <50% expected)

McDonagh T et al. EHJ 2021;42:3599-3726
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So0... we do care about response

(but not for decision to implant)

Decision regarding post implant management
When and what do we assess?
When do we do what to whom?



Assessing response following CRT

Systems/payers/doctors Patients/doctors
Death Symptoms
Hospitalisation Quality of life
LV structure and function Functional capacity

Hospitalisation

Cost effectiveness Clinical effectiveness

UNIKLINIK
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Symptom control consistently
features more highly than survival

[A] Treatment goals

M Muchmore [ Somewhat more  [] Aboutas [ Somewhatless [ Much less ::sapnonse

important important important important important (95% Cl)
Being able to take care of myself independently 4.6 (4.5-4.7)
Preventing another heart failure hospitalization 4.5 (4.4-4.6)
Regaining mobility 4.5(4.4-4.6)
Spending more time at home and not in a hospital or another facility 4.5(4.4-4.6)
Feeling better/reducing heart failure symptoms 4.5 (4.4-4.6)
Having more energy 4.4(4.3-4.6)
Living longer/preventing premature death 4.4 (4.3-4.5)
Being able to engage in household activities 4.2 (4.0-4.3)
Reducing out-of-pocket health care costs 4.1(3.9-4.3)
Exercising 4.0(3.8-4.1)

72‘0 6 Ib 40 60 Blﬂ 160
Response, Weighted Percentage
Perceived limitations
Mean

M Extremely limiting [T Very limiting [ ] Somewhat limiting [ Not at all limiting ?ge;%ogls)e
Fatigue 2.6(2.5-2.7)
Not being able to engage in the activities | would like to 2.6(2.4-2.7)
Shaortness of breath/trouble breathing 23(2.2-24)
Cost of medications 23(2.1-2.4)
Sleep problems 2.2(2.1-2.4)
Anxiety about my heart failure 2.2(2.0-2.3)
Inability to work 2.2(2.0-23)
Swelling/fluid build-up 2.0(1.8-2.1)
Coping with medication adverse events 1.9(1.8-2.1)
Depression 1.9(1.8-2.1)
Needing help from caregivers 1.7 (1.6-1.9)

-éﬂ -AD -iD b 2‘0 4‘0 6‘0 SID ]60
Response, Weighted Percentage
@ Considerations for medications
Mean

M Extremely important [ Very important || Somewhat important [ Not important ?;;;ogls;
Effectiveness in reducing heart failure symptoms 3.5(3.4-3.6)
Effectiveness in reducing death 3.4(3.4-3.5)
Effectiveness in reducing hospitalizations 3.4(3.3-3.5)
My clinician’s recommendation 3.3(3.3-34)
Interactions with other drugs 3.1(3.0-3.2)
Side effects (fatigue, dizziness, frequent urination, drowsiness, etc) 3.0(2.9-3.1)
Contraindications to treatment/my other medical conditions 2.9(2.8-3.0)
Reducing the number of pills | take daily 2.6(2.5-2.7)
Cost/out-of-pocket expense 26(2.4-2.7)

20

0 20 40 60 80 100
Response, Weighted Percentage

UNIKLINIK
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Stansky et al. JAMA Cardiol 2019
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Response to CRT: a hierarchical set of clinical criterig o

12-Month CCS Responder
Classification

56% Improved
30% Stabilized
14% Worsened

Mortality by 12-Month CCS - CLINICALRESPONSETOCRT

Progressor Status A responder is defined as a patient who at one

£ 0-301 | og-rank test p = 0.03 year is still alive, is free from any HF event, and
8 0.25- who improves NYHA class, global patient
S assessment or Quality of Life.

£ 0.20 -

2

S 015-

o

E 3

.g 0.10 - __,.__.__:‘

i e

-3‘ 0.05 - '.---r--: e

= e 1

= rmrm -

0 12 24 36
Months Since 12-Month Visit

C
o
o
o
i
l
k.
i
H
[00]

No. at risk:
: C —— Worsened 57 55 48 48 38
tald___ oiabilized 123 120 117 114 108 °

Mullens et al. EJHF 2020
Gold et al. JACC EP 2021



Remodelling (lack of it) at 6m predicts
outcomes

30%
Hazard ratio = 0.32 (95% c.i. 0.17-0.63)
25% p =0.0004
£ 20%
[-4
Z
T 15%
to: LVESVi increased or
s decreased <15%
10%
5% Y Lo tan
**  LVESVi Decreased 2 15%
0% T
0 12 24 36 48 60
Number at Risk Months Since 6-month Visit
<15% 170 166 153 146 130
215% 183 177 170 164 153

Mortality Rate

of Death

2

L

Cumulative Probab
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6-Month LVESVi Responder
Classification

52% Improved
23% Stabilized
25% Worsened

Mortality by 6-Month LVESVi

Progressor Status
0.301 Log-rank test p < 0.001
0.25
0'20 ] Months Since 6-month Visit ®
015 4 s o D 7 e
0.10 +

p=0.05

0.05 - Y

----r ".."I."‘l'hl‘!:"- -
0.00 - o

0 12 24 36 48 :
Months Since 6-Month Visit 12 2 3 a8 60

No. at risk:
—— Worsened
- -~ Stabilized
Improved

Months Since 6-month Visit

Q1: LVEF decreased > 6.2% Q2: LVEF increased -6.2-9.8%
Q3: LVEF increased 9.8-34.9% Q4: LVEF increased > 34.9%

89 88 78 75 66
81 80 79 74 67
183 178 173 168 155

n LVEF are relative changes.

Gold et al. Heart Rhythm 2015
Gold et al. JACC EP 2021



UNIKLINIK
R\NTH

Remodelling or symptoms?
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Successful CRT-D/P Implant
N=1,524

3-Month Visit
{In-office or remote)

Includ

6-Month Evaluation
N =1,327
(1,299 with 6-month visit)

YES

9-Month Visit
(In-office or remote)

Leeoreo Jun

12-Month Evaluation
N =175
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20 4

45 4

240
3 5]

Both CCS and echo
non-responder

LOG-RANK test: p < 0,001
154 Symptoms stable
but echo

104 progressed

Echo stable or better
but symptoms worse

5 (!/_/
o T—— = = = = = :
o G 7 B 9 10 mn 12
Follow-Up Duration (Manth)
—— Site MR, CCS MR — Site R, CCS MR
— Site MR, CCSR ——Site R, CCS R
& Months 9 Months 12 Months
i) n at Risk n at Risk n at Risk
{n of events) (n of events) (n of events)
Site MR, CCS HR 2100 (4] 166 (27) 79 (35)
Site R, CCS NR 175 {0) 156 (14) 7715}
Sive MR, CCS R 28 (0} 28 (o) 16 {0}
Site R, CCS R BB (O) Ba4 (T) 435 (14)
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Rate of All-Cause Mortality
(6-12 Months)
0.2 p< 0.0001
g 016 | |
w015
£5
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)
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T m
0 o
E 005 0.03
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0

[ Site-Defined Responder

Interaction between
echocardiography
and clinical status

Varma et al. JACC 2009
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What about BNP?
ABNP%
120 [F ]
n=43 e — S— —
Change in BNP atthree months 7% e
predicted improvement at 12 N S, e (T
and 24 months | T . S e
L e ka """""""""""""""""" 5 """"""""""""" <= -6.7%

10 | T RRR—————. SRR | JOSRURPR————— Sens. 90%

: xix Spec. 77%
40 _xxx """""""""""""
i B | e ———— ? -------------------------
o b e xix -------------------------
_100 :_-----------------------a:-------------------...............4: .........................

Rs NRs

Kubanek et al

. EJHF 2006



D Must be performed UNIKLINIK
CRT-implantation [ should be performed
’_th_e[lmpl_agt___________________ ___________________p ________ WIHMCHEN
¢ . v v + 5
5 12-lead ECG Chest X-ray Device analysis Lab analysis Echocardiography E
'\ _______________________________________________________ !
- Discharge _ _____________________ [ _____________________________
; | | 17 | 1 | :
Dedicated follow-up Every HI'SIO{)! +_physical
with CRT-team follow-up |  Medication plan
ECG + device analysis
Manages + refers Echocardiography

_ I Manages + refers I | Echocardiography

Mullens et al. EJHF 2020



Chronic heart failure
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SR with LBBB = 150 ms

CRT-P/D

SR with LBBB |130—149 ms or non LBBB= 150 ms

) of HFrEF

Ischaemic aetiology

ICD

Non-ischaemic aetiology

MRA SGLT?2i

Atrial fibrillation

Atrial fibrillation

Anticoagulation

Coronary artery disease Iron deficiency

tality - for selected patients

rload

Aortic stenosis

SAVR/TAVI

Mitral regurgitation ~ Heart rate SR>70 bpm

L Black Race ACE-1/ARNI intolerance

SR with LBBB 130—149 ms or non LBBB= {50 ms

(% )

ARB

70 bpmb Black Race ACE-/ARNI intolerance

Exercise rehabilitation

prove QOL - for all patients

Multi-professional disease management

ilitation

ase management

McDonagh T et al. EHJ 2021;42:3599-3726
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NON-RESPONDER

Forget pre-implant predictors of non-response

(to determine indication for CRT implantation)

Focus on the prediction that non-response offers

(to determine post-CRT management)
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We still know too little

* Monitoring

 |ICDVvnNnoICD

* CRT-P v CRT-D

« Mitral interventions

« Balancing up society (achieving equity)

» Personalisation of device delivery would achieve all of these aims

* Requires:
« An open mind
» Good data
 Lack of bias



1)
2)
3)

4)

5)
6)
7)
8)
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Do we still need devices?

Decide on ICD or not — do not use anecdote
CRT early (even before or to facilitate OMT)

Monitor and optimise response to CRT in a
dedicated clinic

Avoid or delay progression by actively managing

Physical Function

------ Sudden Death Event

contributors RS
Assess response to CRT at 3-6 months (symptoms)
Decide early and review patients progressing to advanced heart failure,
React rapidly (refer early) to early signs of progression

Move up to treatments for advanced HF early
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#schnttmacher@aachen
Evidence-based personalised programming
delivered personally



