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Disclosure

* | don't like heart failure
* There was no CRT when | went into EP



Definition of (non)-responder

Study

Definition of CRT response

Follow-up {maonths) Predicios of CRT response
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Alive, no HF readmission, = 1 BYHA
class improvernent tor = 1S
increase in peak VO, and GMYWE)

Improved dinical compasite score and
LVEF increase > 5%

Alive and = 1 NYHA dass
improvernent

= 1 MNYHA class improvement and no
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= 1 WNYHA clas improvemnent or [
decrease in LVESY
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LYESY decrease = 15%

LVESY decrease = 108

LVESY decrease = 10F4G
% decrease in LVEDY and response
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Improved dinical compasite score,
LVESY decrease = 15%
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¢ Smaller LVESD, longer
interventricwar mechanical delay
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6 Monischemic etiology, wider baseline
QRS width, QRS shorening during
CRT

6 Mone

6 Mone

¢ [ntedead distance = 127 mm, sepual-

lateral delay = 60 ms, nonischemic
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Parkash R et al. Can J Cardiol 29:1346-60



Responder? Non-responder? Responder?...

Response  No. Evaluable

Response Criteria Rate, % (% of Total)
Echocardiographic

1 LVEF =5 units 51 286 (67) 00 I I ' v

1 LVEF >15% (relative) 54 286 (67) 5 L“;‘;E‘:*ﬂﬁﬁgf:‘:“&‘:; :}62 -

| LVESV =10%, no HF death 62 291 (68) B Strons A groement (x = 0.75)

| LVESV =15% 56 286 (67) B0

LVESV <115% of baseline 91 286 (67)

| LVEDV =15% 49 286 (67)

1 Stroke volume =15% 34 286 (67) 60F
Clinical

| NYHA =1 71 385 (90)

| NYHA =1, no HF death 70 300(92) 40F

L NYHA =1 and 1 6MWD =25% 33 348 (82)

L NYHA =1 and 1 6MWD =25%, no HF 32 353 (83)

death 20F

1 6MWD =10%, no HF death, no transplant 61 353 (83)

Two of the following 3: | NYHA =1, 1 6MWD 63 339 (80) . .

=50m, | QOL =15 0 M :

Clinical composite score improved 69 426 (100) All Echo vs Echo Clin vs Clin Echo vs Clin
Combined (n= 105 pairs) (n=21 pairs) (n=21 pairs) (n=49 pairs)

1 LVEF =5 units or 1 MWD =50 m and 71 250 (59)

| NYHA =1 or | QOL =10

Fornwalt et al. Circulation 2010;121:1985-91



W 1] i (1]
— Too late” | «gWEET SPOT” Too early
RESPONSE for CRT
(Switch on/off) (Need very long f.u.)
L N —
LAST RESORT PREVENTIVE
A E
30 % opeeseen
EF< 20-25% EF 26-35% EF > 35-40%
NYHA IVa NYHA ll1-1 NYHA |
DYSS>200 ms DYSS 130- 200 ms DYSS< 130 ms
09 —EDV>200m| EDV 200-260 m| EDV<200ml__

year 1994 1998 2006 2010 2012 2016 ??

Gasparini M: JACC 2013;61:945-947



When to measure response?
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Burns KV et al. JACC HF 2015;3:990-7
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Response to CRT is Dependent Upon
Multiple Factors

* Dyssynchrony
LEBB >> RBBB *  Transmural scar
. *  Mitral regurgitation

R .

« “Fetal genes”
* Calcium handling

al

g s e e

“ Duke Heart Center

Vanderheyden M, et al J Am Coll Cardial 2008,51:129-36; Moss AJ el. al. N Engl J Med. 2009;361:1329-
13348.

= Female gender
* Non-ischemic CM



Percentage

50

Potential reasons for non-response
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Suboptimal  Arrhythmia Anemia  Suboptimal < 90% Suboptimal Persistent Underlying Compliance Primary RV

AV Timing LV Lead Biventricular Medical Mechanical  narrow Issues Dysfunction
Position Pacing Therapy Dyssynchrony QRS

Mullens W et al. JACC 2009;53:765-773




What to optimize?

* Patient
— Medication optimization
* Uptitration of neurohormonal blockers + dietary protocol:

— Exercise training
* 30 min supervised exercise x3/week?

— Atrial fibrillation
— PVC

 Device

* Timing

1. Mullens W et al. Am J Cardiol 2011;108:409
2. Patwala AY et al. JACC 2009;53:2332



What to check on the ECG?

Atnal rhythm—NSR or atnal paced vs. atnal fibnllation

Evidence of appropnate atnal sensing or capture
Presence of ventricular pacing

Presence, frequency, and morphology of PVCs
Evidence of appropnate ventricular sensing or capture
Morphology of paced (0RS—evidence of LV capture
Paced QRS width

Evidence of pacing fusion or pseudo-fusion in ORS

2012 EHRA/HRS Consensus



What is a promising QRS morphology?

High nzwumsﬂ 24%): Baseline
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Sweeney MO, Circulation 2010; 121:626
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BiV pacing % and survival

., Pacing >98.47%

Pacing <98.47%

P<0.0001

0.5

| 1 I |

0 10 20 30 40

Hayes DL et al. Heart Rhythm 2011;8:1469-75



What does this Holter show?

06-Jul-2016 15:27:45



Devices overestimate effective biV pacing

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

1.7%
19.9%

Responders | Non-responders

@ Fully paced beats @ Fusion beats 0 Pseudo-fusion beats

Kamath GS et al. JACC 2009;53:1050-5



A Significant Percentage of Patients Do
Not Achieve Optimal BiV Pacing %

Reasons for < 100% pacing

* Atrial fibrillation

* PVC’s

* Competitive AV nodal
conduction

In a cohort of > 80,000 patients, 40.7% exhibited less
than 98% BiV pacing

tl Duke Heart Center

Cheang A, et al. Circ Arrhythm Electrophysiol. 2012:5:884-888k



If we can overcome RVR...
1.00

0.95 -

0.90 - N T

0.85 -

= BiV/ pacing >98.5% — no AFib
"""" BiV pacing <98.5% — no AFib
0.80 { - - BiV pacing >98.5% — AFib
— BiV pacing <98.5% - AFib

0_70 - 14,705 12,530 10,662 8,700 5,986 BIV pacing >98.5% — no AFib
11,564 9,953 8,416 6,795 4,563 BiV pacing <98.5% — no AFib
3,762 3,035 2,430 1,974 1,315 BIV pacing >98.5% — AFib
o 65 6,904 5,810 4,728 3,735 2,461 BiV pacing <98.5% - AFib
. T 1 | 1
0 6 12 18 24

Hayes DL et al. Heart Rhythm 2011;8:1469-75



AVJ ablation vs medical rate control:
Mortality in CRT patients with AF

Study name Risk ratio
Risk and 95% CI
ratio p-Value

Gasparini 2008 0.416  0.008 B

Ferreira2008 0.593 0.354 —l-

Dong 2010 0.323 0.024 —-
0.419 0.000 @

00101 1 10 100
Favors AVNA+ Favors AVNA-

Ganesan AN et al. JACC 2012;59:719-26



What to re-synchronize?

ventricu
/! Synchro

Yu C-M, Chau E, Sanderson J, et al. Circulation 2002;105:438-445



Optimal AV Delay Improves hemodynamics

INTRINSIC

Aortic
pressure

Peak

atrial systole \ 17

PP

4 % — Start of

PACED

PP

Synchronized
® < LV and atrial
systoles

Left ventricular (LV) LV systole
pressure
P R

P V

Auricchio A, et al. Association between preload and optimal pacing mode

Heart Failure Society of America 1998.



ne elrrect Ol AV deiay Orl mitral
Inflow

Too short Just right Too long

IETEw{iE]

Gorcsan et al. J Am Soc Echocardiogr 21:191-213



lterative Method: Allowing Enough
Time for Complete Filling of LV




Optimal AV delay reduces MR

intrinsic VV =0 ms VV =-20 ms

Bax et al. JACC 46:2168-82



Studies of systematic AV/VV timing
optimization

Study

Comparison

Besulis

RHYTHM I1%
DECREASE-HF®

FREEDONM™

CLEAR™

SMART AVHY

Echo-oprimized V'V timing vs nominal
W seiings

Simultaneous VY pacing vs EGM
optimized ¥V timing

Clinically oprimized AV and VV
timing vs serial EGM optimized AV
and VYV timing

Echo aptimized AV and VW timing v
automatic adjustment of AV delays
via contmctility sensor

Echo oprimized AV and ¥V timing v
EGM optimized AV and ¥V timing
vs fixed ANV (120 ms) and VY (0 ms)

Mo difference in OQOL, HNYHA a
O
Ma difference in LY valumes or EF

Mo difference in dinical aurcomes ai
funcronal measures

Improved dinical response with the
contractility sensor

Mo difference in LY valumes, EF, a
funcronal measures

Parkash R et al. Can J Cardiol 29:1346-60



Typical results of AV delay assessment

LVOT-VTI (em/sec)
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AVD optimization in a representative

patient
— 68 BPM
— — 80 BPM*
N
/ N —— 100 BPM"

- 120 BPM"

/‘f * paced heart rates

40 &0 80 100 120 140 160 180 200
AVD (msec)

Scharf et al. PACE 28:279-84



Theoretical limitations to optimization

* Optimal AV and VV delay individually changes
during exercise compared with rest:

* Most optimization methods are performed at rest
* Most patients have NYHA Class Il

* they have exertional symptoms, so they would
symptomatically most benefit from exercise optimization

* they spend most of their time resting, so resting optimization
would have the biggest impact on reverse remodelling

1. Golovchiner G, Can J Cardiol



Synchronized LV pacing

30% -
= HR=0.49; 95% CI: 0.28-0.85, p=0.012
S
2 25% o
H
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=
'ﬁ 20% - %sLVP < 50%
2
2 15% o
<
=] -y~
29 0% '____Jl'
= ! £ |
&
&
B

0% = T T T T T
0 3 6 Q 12
) ) Months Since Randomization
%sLVP < 50% 172 152 140 129 68
%sLVP = 50% 142 136 131 128 76

Birnie D et al. Heart Rhythm 2013;10:1368-74



Optimization methods

Echo based

mitral inflow
aortic/LVOT VTI
Tissue Doppler
3D

EGM based

Quick Opt (SJM)
Expert Ease (Boston/Guidant)

Hemodynamic methods

Ot

SonR (Sorin)
invasive (research)

her

Acoustic (Audiocor)
Impedance cardiography
|Isotope methods
photopletizmography



Throughout patient follow-up

Optimize heart
failure therapy

Modify LV
n padng (turn off,

change site, etc)

Treatment for

Parkash R et al. Can J Cardiol 29:1346-60



CRT optimization clinic referral
<

Designated (heart failure) nurse
arranges consultation and schedules

e N

Labs (anemia,
metabolic derangements)

Chest X-ray: A/P — lateral ECG: ON/OFF 6-min walk test
(position leads) (arrhythmia, ensure (exercise performance)

N Biv pacing)

S

Designated cardiologist: history, medication,
clinical examination, and interpretation of tests

Device check (baseline diagnostics) Baseline transthoracic echocardiogram

(cardiac structure, function and hemodynamics)

— =

Evaluation during different AV
settings and without Biv pacing

Multi-disciplinary recommendation (heart failure, electrophysiology,
cardiac imaging) including device settings

Mullens W et al. JACC
2009:53:765-773



Cumulative Survival

Cumulative Survival

1.0

0.8

0.6

0.4+

0.2

Favorable Intervention (N = 55)

Neutral Intervention (N = 20)

Log Rank, p < 0.001

0.0
0

1.0

0.8

0.6

0.4+

0.2

0.0

[ [ [ 1
100 200 300 400
Days

Favorable Intervention with
A% AV-Optimization (N = 34)

Favorable Intervention without
AV-Optimization (N = 21)

Neutral Intervention (N =20)

Log Rank, p = 0.002

0

[ [ i |
100 200 300 400
Days

Composite
end-point
after
optimization
visit

Mullens W et al. JACC
2009:53:765-773
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