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O que é?

A modulacao da contractilidade cardiaca consiste na aplicagcao de

estimulos elétricos em periodo refratario absoluto ventricular sem o

objetivo de estimular.

Qual é o objetivo?

Melhorar a contractilidade do musculo cardiaco sem aumentar o

consumo de O2.

E hovo?

éé Heart Failure Reviews, 6, 55-60, 2001 l
= nufactured in The Netherlands

Electrical Modulation of Cardiac Contractility: Clinical

Aspects in Congestive Heart Failure

Carlo Pappone, MD’,

abriele Vicedomini, MDD,
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Como se aplica ?

Sistema MCC Algoritmo de estimulacao

ODO-LS-CCM Mode OVO-LS-CCM Mode
(Optimizer IVs mode) (new mode in Optimizer Smart)

ccccccccccccccccccccc

Gerador de Impulsos 2 estimulos bifasicos no periodo

refratario
2 Electrocateteres Amplitude 7.5V

Largura 20 ms



Modulacao da Contractilidade Cardiaca

Carregador do Optimizer — Carregamento semanal — Vida estimada 6 anos
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Como atua a Modulacao da Contractilidade Cardiaca?

Regulacao do Metabolismo do Cailcio Fosforilacao dos Miofilamentos

RyR Failing cardiomyocyte  Failing cardiomyocyte + CCM
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Indicacgoes:

Heart Failure patients with NYHA I, Il symptoms
despite optimal medical therapy

CRT indication?
Yes No

EF<35% ?
30%

No  70% Yes
CRT-P/CRT-D CCM CCM+ICD

A modulacao da Contractilidade Cardiaca estaria indicada em doentes com
com insuficiéncia cardiaca sintomatica compromisso de funcao e QRS<130ms.
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Quais os resultados dos estudos clinicos
randomizados?

Reducao da Mortalidade e das Hospitalizagc6es?
Melhoria da capacidade funcional avaliada por peak VO2

Melhoria da Qualidade de vida avaliada MLHFQ

Reverse Remodeling avaliada por ecocardiograma?
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NOVO TRATAMENTO DA INSUFICIENCIA CARDIACA
N0 8 Dispositivo € implantado por baixo da pele e provoca

estimulos para o coracao trabathar normaimente
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@ European Heart Journal (2016) 37, 2129-2200 ESC GUIDELINES

doi:10.1093/eurheartj/ehw128

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Cardiac contractility modulation (CCM) is similar in its mode of
insertion to CRT, but it involves non-excitatory electrical stimula-

tion of the ventricle during the absolute refractory period to
enhance contractile performance without activating extra systolic

contractions. CCM has been evaluated in patients with HFrEF in
NYHA Classes ll-1Il with normal QRS duration (<120 ms).?2"%2
An individual patient data meta-analysis demonstrated an improve-
ment in exercise tolerance (peak VO,) and quality of life (Minnesota
Living with Heart Failure questionnaire). Thus CCM may be consid-
ered in selected patients with HF. The effect of CCM on HF morbid-
ity and mortality remains to be established.
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Cardiac contractility modulation improves
long-term survival and hospitalizations in @ESC Cooe s e 9
heart failure with reduced ejection fraction

Registo Prospetivo Multicentrico 140 doentes

Mortalidade vs Mortalidade prevista Seattle Heart Failure Model (SHFM)

Doentes Fej basal 25-45% | Doentes Fej basal 25-34% | Doentes Fej basal 35-45%
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Cardiac contractility modulation improves
long-term survival and hospitalizations in @ESC e e 2o
heart failure with reduced ejection fraction

Registo Prospetivo Multicentrico 140 doentes

Internamentos por IC vs Internamentos no ano anterior

Doentes Fej basal 25-45% | Doentes Fej basal 25-34% | Doentes Fej basal 35-45%

100 50

160
140 90 45

P<0.0001 80 P<0.0001 40 P<0.0001
120 70 35
100 60 30
50 25
80 40 20
60 30 15
40 20 10
20 10 5
0 — 0 —

0

Ano A Seguimento Ano A Seguimento Ano A Seguimento




Modulacao da Contractilidade Cardiaca

Cardiac contractility modulation improves
long-term survival and hospitalizations in @ESC Cooe s e 9
heart failure with reduced ejection fraction

Registo Prospetivo Multicentrico 140 doentes
Qualidade de Vida Classe Funcional

n=110 n=91 n=72 n=50 n=115 n=96 n=74 n=53

70_' p<0.001 p<0.001  p<0.001  p<0.001 1 p<0.001 p<0.001  p<0.001  p<0.001

60 -

ik

6 Months 12 Months 18 Months 24 Months
Follow-up Time-point

6 Months 12 Months 18 Months 24 Months
Follow-up Time-point
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Cardiac contractility modulation improves
long-term survival and hospitalizations in @ESC e e 2o
heart failure with reduced ejection fraction

Registo Prospetivo Multicentrico 140 doentes

Eventos Adversos Graves

% 70 58,6
60

50
40
30
20

10 7,3

Total Sistema
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Modulacao da Contractilidade Cardiaca

A Randomized Controlled Trial to
Evaluate the Safety and Efficacy of
Cardiac Contractility Modulation

Estudo Randomizado MCC vs TMO - 160 doentes NYHA Il e lll QRS<130ms

QF>35 op=°'°°9 c p=0.01
- EF235 o —
EF<35 &
' ' p=0.025') ' ' EF<35 0p<0_001
-1 0 1 2 3 4 0 10 20 30 40 50
Mean pVO, Treatment Effect (ml/kg/min) NYHA Treatment Effect (% with 1 Class Improved)
B D
=0.003 p=0.003
EF235 P EF235 S
<
EF<35 0p<0.001 EF<35 020
25 20 15 10 -5 0 5 0 20 40 60 80 100
Mean MLWHFQ Treatment Effect

6MHW Treatment Effect (meters)
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A Randomized Controlled Trial to
Evaluate the Safety and Efficacy of
Cardiac Contractility Modulation

Estudo Randomizado MCC vs TMO - 160 doentes NYHA Il e lll QRS<130ms
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Clinical effects of long-term cardiac contractility modulation
(CCM) in subjects with heart failure caused by left ventricular
systolic dysfunction

Registo Multicéntrico — 143 doentes — Seguimento 24 meses

Classe NYHA MLWHFQ Score Fracao Ejecao

3.51 - 40
@ Entire Cohort 55 -® Entire Cohort @ Entire Cohort
50-
3.0 T * *
45 351

2.5" * * * * 204

35+

301

1.5 L} L] L] L} 25 T T T 1 25 L] L] L] 1
0 6 12 18 24 0 6 12 18 24 0 6 12 18 24

* %

303

AFE 5%

2.01

Efeitos Adversos Graves relacionados com o Sistema 17%
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The safety and efficacy of cardiac —
contractility modulation in heart] AR UEUEEE X [o XS

failure 723 Doentes

A meta-analysis of clinical trials

Consumo pico 02

ID SMD (95% Cl) Weight
FIX-HF-5 (2011) —_— 0.22 (0.01,0.44)  62.56
FIX-CHF-4 (2008) e 0.27 (-0.04,0.58)  29.83

Neelagaru (2006) — 0.17 (-0.44,0.78)  7.62

Overall (I-squared = 0.0, p = 0.948) <> 0.23 (0.07, 0.40) 100.00

; T
=777 0 77
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The safety and efficacy of cardiac —
contractility modulation in heart] AR UEUEEE X [o XS

failure 723 Doentes

A meta-analysis of clinical trials

Prova de Marcha 6 min

ID SMD (95% Cl) Weight
FIX-HF-5 (2011) . 0.16 (-0.05,0.36)  63.66
FIX-CHF-4 (2008) . 0.21(-0.10,0.52)  28.27

Neelagaru (2006) . 0.10 (-0.48,0.69)  8.06

Overall (I-squared = 0.0, p = 0.938) <> 0.17 (0.00,0.33)  100.00
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The safety and efficacy of cardiac
contractility modulation in heart

failure

A meta-analysis of clinical trials

Ming (2016)

FIX-HF-5 (2011)

FIX-CHF-4 (2008)

Neelagaru (2006)

Meta-analise 4 estudos
723 Doentes

Mortalidade Global

RR (95% Cl)

0.55 (0.36, 0.85)

. 1.50 (0.58, 3.86)

0.35 (0.01, 8.46)

VA -— |
\ i |
Overall (I-squared = 26. @ <>>

0.32 (0.01, 7.50)

0.70 (0.47, 1.04)

Weight

74.69

17.60

3.77

3.94

100.00

| )
.0137 1

73
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The safety and efficacy of cardiac —
contractility modulation in heart] AR UEUEEE X [o XS

failure 723 Doentes

A meta-analysis of clinical trials

Internamentos Global Agravamento IC

D RR (95% Cl) Weight D

RR (95% Cl) Weight

Ming (2016) —_—— 0.95 (0.60, 1.50)  12.93

: FIX-HF-5 (2011) —— 1.01(0.72, 1.42) 84.12
FIX-HF-5 (2011) —— 1.03 (0.85,1.23)  68.52

: FIX-CHF-4 (2008) 1.88(0.32,10.92) 2.35
FIX-CHF-4 (2008) —0—:-— 0.73 (0.40, 1.35)  12.61

: Neelagaru (2006) 0.75 (0.27, 2.11) 13.52
Neelagaru (2006) . 0.43(0.15,1.20) 5.94

f Overall (I- d = 0.0 =0.674 0.99 (0.72,1.37 100.00
Overall (l-squared = 18.48, p = 0.298) < 0.94 (0.80, 1.11)  100.00 verall (l-equare > L )

T . T T T
151 1 6.61 .0916 1 10.9
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@ European Heart Journal (2016) 37, 2129-2200 ESC GUIDELINES

doi:10.1093/eurheartj/ehw128

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Cardiac contractility modulation (CCM) is similar in its mode of
insertion to CRT, but it involves non-excitatory electrical stimula-

tion of the ventricle during the absolute refractory period to
enhance contractile performance without activating extra systolic

contractions. CCM has been evaluated in patients with HFrEF in
NYHA Classes ll-1Il with normal QRS duration (<120 ms).?2"%2
An individual patient data meta-analysis demonstrated an improve-
ment in exercise tolerance (peak VO,) and quality of life (Minnesota
Living with Heart Failure questionnaire). Thus CCM may be consid-
ered in selected patients with HF. The effect of CCM on HF morbid-
ity and mortality remains to be established.



CRT - Evidéncia Clinica

Trial (ref) No. Design NYHA | LVEF | QRS Primary Secondary endpoints Main Findings Trial (ref) Design Primary Secondary endpoints Main Findings
endpoints endpoints
MUSTIC-SR*® 58 Single-blinded, ] <35% | 2150 6MWD NYHA class, QoL, CRT-P improved 6MWD, COMPANION® Double-blinded All-cause All-cause mortality, CRT-Pand CRT-D reduced
crossover, peak VOlLV volumes, NYHA class, QoL, peak VO,, randomized mortality or cardiac mortality all-cause mortality or
randomized CRT vs. MR hospitalizations, reduced LV volumes and MR OMT vs. CRT-P/ or hospitalization hospitalization
OMT, 6 months mortality and reduced hospitalizations vs. CRT-D,
PATH-CHF*! 4 Single-blinded, -V | NA | 2150 Peak VO,, NYHA class, QoL | CRT-Pimproved NYHA class, Slmonth:
crossover, 6MWD hospitalizations QoL and 6MWD and reduced CARE-HF*® Double-blinded All-cause All-cause mortality, CRT-P reduced all-cause
randomized RV vs. hospitalizations randomized mortality or NYHA class, QoL mortality and hospitalization
LV vs. BiV, OMT vs. CRT-P hospitalization and improved NYHA class and
12 months 29.4 months QoL
MIRACLE® 453 Double-blinded, -1V | <35% | 2130 NYHA class, Peak VO, LVEDD, CRT-P improved NYHA class, REVERSE®! Double-blinded, % worsened LVESV index, CRT-P/CRT-D did not change
randomized CRT vs. 6MWD, QoL LVEF, MR QoL and 6MWD and reduced randomized by clinical heart failure the primary endpoint and did
OMT, 6 months clinical composite LVEDD, MR and increased LVEF CRT-ON vs. composite hospitalizations and not reduce all-cause mortality
response CRT-OFF, endpoint all-cause mortality but reduced LVESV index and
MIRACLE-ICD* | 369 | Double-blinded, | IV | <35% | 130 | NYHA class, Peak VO, CRT-D improved NYHA class, {2monchs hearchallurehospitalizadons)
randomized 6MWD , QoL LVEDD, LVEF, MR Qol, peak VO, MADIT-CRT* Single-blinded, All-cause All-cause mortality CRT-D reduced the endpoint
CRT-D vs. ICD, clinical composite randomized mortality or and LVESY heart failure hospitalizations or
6 months response CRT-Dvs. ICD, heart failure all-cause mortality and LVESV.
CONTAK-CD® | 490 | Double-blinded | lI-Ill- | 35% | 2120 | NYHA class, LV volume, LVEF CRT-D improved 6MWD, 12 months hospitalizations CRT-D did not reduced
randomized \" 6MWD, QoL composite of NYHA class, QoL, all-cause mortality
CRT-D vs. ICD, mortality, VT/VF, reduced LV volume and Double-blinded, All-cause All-cause mortality | CRT-D reduced the endpoint
6 months hospitalizations increased LVEF randomized CRT-D mortality or and cardiovascular all-cause mortality or heart
MIRACLE-ICD 1 | 186 | Double-blinded, | Il | <35% | 2130 | PeakVO, | VEIVCO,NYHA, CRT-D improved NYHA, BEE hepa(EAl death el boshitalzaon it
randomized Qol, 6MWD, LV VE/CO, and reduced 40 months hospitalizations NYHA I, CRT-D only reduc.ed
CRT-D vs. ICD, volumes and EF, LV volumes and improved LVEF significantly all-cause mortality
6 months composite clinical

endpoint

Mais de 8000 doentes incluidos em estudos clinicos randomizados e

aleatorizados
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Ressincronizacao no Tratamento da IC

Recomendacgoes

Classe

BRE com QRS > 150 ms em ritmo sinusal. TRC recomendada nos doentes com IC
sintomatica e FEj < 35% apesar da TMO para melhoria sintomatica reduzir a mortalidade
e morbilidade.

BRE com QRS 130-149ms em ritmo sinusal. TRC recomendadanos doentes com IC
sintomatica e FEj < 35% apesar da TMO para melhoria sintomatica reduzir a mortalidade

e morbilidade.

Nao-BRE QRS > 150 ms em ritmo sinusal. TRC deve ser ponderada nos doentes com
IC sintomatica e FEj < 35% apesar da TMO para melhoria sintomatica reduzir a
mortalidade e morbilidade.

lla

Nao-BRE QRS 130-149ms emritmo sinusal. TRC deve ser poderada nos doentes com
IC sintomatica e FEj < 35% apesar da TMO para melhoria sintomatica reduzir a

mortalidade e morbilidade.

lib

Doentes em FA e QRS > 130 ms. TRC deve ser ponderada em doentes com IC classe
[11-1V de NYHA e FEj < 35% apesar da TMO para melhoria sintomatica reduzir a
mortalidade e morbilidade, desde que exista uma estratégia que assegure pacing BiV ou
seja espectavel regresso a ritmo sinusal.

lla

Portadores de CDI ou pacemaker. Upgrade para TRC deve ser considerado nos
doentes com elevada percentagem de pacing e agravamento da IC apesar da TMO. Nao

se aplica a doentes com IC estavel.

A TRC esta contra-indicada nos doentes com QRS < 130 ms.

lib
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. L. . . Objetivos Terapéuticos na IC
Terapéutica Médica Otimizada

H o
i 2 S © AS] S 2ok Melhoria Sintomatica

Melhori [To F-To [-We [-RViTo
Ritmo sinusal e IC sintomatica SIS RYULTIU S CIH et

ou
FA e IC classe lll ou IV da NYHA

Diminuicao das hospitalizacoes

Diminuicao da mortalidade
Portadores de pacemaker ou CDI

com elevada percentagem de
pacing e agravamento da IC



Patient Selection

Magnitude of benefit from CRT

Highest

Lowest
(responders)

Expanding Indications (non-responders)

Wider QRS Males Narrower QRS
Left Bundle Branch Block Ischaemic Non-Left Bundle Branch
Females cardiomyopathy Block

Non-ischaemic
cardiomyopathy
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Duracao do QRS



@ European Heart Journal (2013) 34, 35473556 FASTTRACK CLINICAL RESEARCH
Eyrorzan doi:10.1093/eurheartj/eht290

CARDIOLOGY »

Meta-analise de 5 estudos

An individual patient meta-analysis of five
randomized trials assessing the effects of cardiac 3872 doentes
resynchronization therapy on morbidity and

mortality in patients with symptomatic heart

failure Beneficio do CRT vs TMO

John G. Cleland'*, William T. Abraham?, Cecilia Linde3, Michael R. Gold4,
James B. Young?, J. Claude Dauberté, Lou Sherfesee’, George A. Wells8,
and Anthony S.L. Tang?

Mortalidade Global
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Morfologia do QRS
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Morfologia do QRS

Effectiveness of Cardiac Resynchronization Therapy by e 3 lale lo7- a1 {- - FI31-Rillaledle 0|1
QRS Morphology in the Multicenter Automatic Defibrillato

Implantation Trial-Cardiac Resynchronization QRS 2130 ms FEje < 30%
Therapy (MADIT-CRT) y =
Wojciech Zareba, MD, PhD; Helmut Klein, MD; Iwona Cygankiewicz, MD, PhD; Be n efl CI o C RT- D VS C D I p o r

W. Jackson Hall, PhD; Scott McNitt, MS; Mary Brown, MS; David Cannom, MD;

James P. Daubert, MD; Michael Eldar, MD; Michael R. Gold, MD, PhD; Jeffrey J. Goldberger, MD; M o rfo I o g i a d o Q RS
Ilan Goldenberg, MD; Edgar Lichstein, MD; Heinz Pitschner, MD; Mayer Rashtian, MD;
Scott Solomon, MD; Sami Viskin, MD; Paul Wang, MD; Arthur J. Moss, MD;
on behalf of the MADIT-CRT Investigators

Probabilidade de Morte ou HIC CRT-D vs CDI

Doentes com BRE

0.5
£ Unadjusted P<0.001
3 04 o
o RR 53%
=]
£ 03 ICD-only
k3
g‘ 0.2 1
E ._-o—"" ----------
° 01] o  eem=e=
O PP L
0’0 T T L] L} v h T ] T  §
0.0 0.5 1.0 15 20 25 3.0 35



Estratificacao na Selecao de doentes

Morfologia do QRS

Effect of QRS morphology on clinical event reduction Meta-analise de 4 estudos
with cardiac resynchronization therapy: Meta-analysis 5356 doentes
of randomized controlled trials .
Ilke Sipahi, MD, * Josephine C. Chou, MD, * Marshall Hyden, MD, * Douglas Y. Rowland, PhD, ? Daniel I. Simon, MD, * ReSPOSta por MorfOIogIa QRS
and James C. Fang, MD * Cleveland, OH
Risk Lower Upper BRE

Study name Ratio Limit limit Z-Value p-Value Risk ratio and 95% CI

COMPANION™ -1LBBB  0.76 061 095 -243  0.016 N — .

CARE-HF 132 - LBBB 070 060 083 -421 <0.0001 —— Gravidade

MADIT-CRT'21315 . |BBB 045 0.35 058 -6.20 <0.00001

RAFT' - LBBB 065 054 079 -444 000001 | —f— dalC

Meta Analysis 0.64 052 0.77 -4.55 0.00001 | -<agf

0.5 1 2
Favors CRT (i
Risk Lower Upper ~

Study name Ratio Limit Limit Z-Value p-Value Risk ratio and 95% ClI nao BRE

COMPANION™ -Non-LBBB 086 063 117 -096 0.34 ———

CARE-HF 132 - RBBB 081 054 122 -099 032 =

CARE-HF .32 - |[VCD 075 024 233 -050 062 -

MADIT-CRT'21315 _.RBBB 099 055 179 -0.03 0097 .

MADIT-CRT'21315 _|ycD 144 088 236 145 0.15 * Gravidade

RAFT'4 - RBBB 100 062 162 000 1.00 + dalC

RAFT'4 — IVCD 110 071 169 043 067 g

Meta Analysis 097 082 115 -0.32 0.75 $

0.5

4 2
Favors CRT (i




Melhorar o Procedimento

Insucesso no Implante

16
14
12

10

% CRT Implant Failure

COMPANION REVERSE RAFT MADIT-CRT CARE-HF BioPace

N patients 1212 610 888 746 409 902




Definicao de Resposta ao CRT

Definicao de Resposta Segundo a Literatura

Classe Funcional

Fraccao Ejeccao VE MN15%
NYHA V> 1 classe C jec¢
Prova de Marcha A>50m LVESV V10%
NYHA e Prova de V> 1 classe + LVEDV V15%
Marcha N>25%

LVIDs V15
QoL A>10 ou 15

LVIDd V15
MLWHF >10

Volume Sistolico MN15%
VO2max N>10%
Mortalidade Global Qualquer evento
Hospitalizacao IC Qualquer evento



SANTAMARIA Como atua o CRT

Eco Basal Eco 6 meses

FPS:79.2

Ed quJ-"UJ, 133200195 100J LCUI00J-LIVJ, £UDYI9d,

01/030017 12:39:11 08/2017 16:04:22
FPS:79.2 $:70.2
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28262 HR 70



Impacto da Nao Resposta ao CRT

Globalmente consideram-se 30-40% Nao Respondedores

Percentagem de nao respondedores por estudo clinico e critério de resposta
50

40
30

20

% of Non-responders

38%

10

Bristow etal. (13

Cleland et al. (264)

Moss et al. (230)
Tang etal. (91

Remodeling Melhoria

Score
Composto
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Otimizar o Seguimento

Possiveis causas de nao resposta a terapéutica de Ressincronizacao

Intervalo AV Arritmias
suboptimo

Anemia

Posu;ao E. <90% Terapéutica Per5|stenC|a QRS prévio Adesaoa

Pacing médica
suboptlmo biventricular suboptima dessmcronla
mecanica

estreito

terapéutica

Dlsfungao




iBox-CRT: Can we do it better?

Automatically, operator-independent, assess the

conduction delay between RVpacing and the LV available
veins to select the LV pacing site.

Evaluate the impact of LV site on clinical and remodeling
outcomes. 66 Patients follow up 6 months

Response Rate Overall population LVESV and Ejection Fraction Variations 0-6 Months

20

§ 10 p=0.005
g :
% 10 1%
14,3% 20 5=0.02
bz& 60@ -30
N N -40
R R
Q.Q ,Q.o '50

S A LVESV A EjecF
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iBox-CRT: Can we do it better?

Automatically, operator-independent, assess the

conduction delay between RVpacing and the LV available
veins to select the LV pacing site.

Evaluate the impact of LV site on clinical and remodeling
outcomes.
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Conclusao

Em doentes selecionados a terapéutica de ressincronizacao
cardiaca produz

Melhoria Sintomatica

Melhoria da qualidade de vida

Diminuicao das hospitalizacoes

u [ond

Diminuicao da mortalidade




Conclusao

Donald J. Trump @ &~ ¥ Foliow
@realDonaldTrump

If you have HFrEF may God bless you with

LBBB and enough money to get a CRT.
Congrats to NFMC 2019, sad for not being
there but my friend Kim is giving a huge
party.
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Conclusao

@realDonaldTrump blocked you

You are blocked from following
@realDonaldTrump and viewing
@realDonaldTrump’s Tweets.




