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Device (Remote) Monitoring of H

Algorithms P-Value
Fluid Index = 60 ) <0.0001

Fluid Index > 80 . <0.000"
Fluid Index > 100 _ <0.0001
1 Criterion (excluding fluid) : <0.0001

>2 Criterion (excluding fluid) . <0.0001

Combined Algorithm . <0.0001

05 1.0 20 4.0
Hazard Ratio
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Peak Endocardial Acceleration (=AY

Simultaneous
Biventricular
ECG

sonR1 = 0.59 g |-

Sequential BiV
20 ms L+R

ECG

LV i
PRESSURE

Kaszala, Circulation 2010;122:1328-40
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RESPOND-CRT

Echo AV & VWV

of HF hospitalization

atients)

HR: 0.79, 6% CI:[0.60-1.06]
Log-rank: p=0.12

Echo AY & VV

0 12 14 16
HR: 0.45, 95% CI:[0.46-0.92] o
Log-rank: p=0.01 Months since Implant

579 478 418 408 259 250 244
269 229 91 18% 17 ne 144 49

Freedom from HF hospitalization
% of patients)

T

0 12 14 16 18 20 22

Months since Implant
No. at risk

sonR C 400 588 579 498 418 408 339 280 ; Bl’ugada, Eur Heart J 2016
Echa 28% 277 269 229 @ 189 17 19 (epub ahead of print)
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RV-LV Adaptive Fusion
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Adaption of LV Pacing
to Changes in Intrinsic
AV Conduction
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ADAPTIVE Trial: Death and Hospitalization

Time to Heart Failure Hospitalization or All-Cause Death
(With Number at Risk)

AdaptivCRT™ Arm Only
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Months Since Randomization

m ' 152 140 129 68
2 42 136 131 128 76
‘ 1: Adaptive LV Pacing < 50% 2. Adaptive LV Pacing = 50%
L

Patients with higher percentage adaptive LV pacing in the AdaptivCRT arm
= lower rate of death and HF hospitalizations

Birnie D, Heart Rhythm 2013;10:1368-74
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Quadripolar Leads

Biotronik Sentus QP  Medtronic Boston Scientific SJIM Quartet
Attain Acuity X4
Performa

-
L

L ]

Large S-curve

Small S-curve

-

.
5
5
s
-
-
.
N
~
-
S
s
-
-
-
-

i
.5
s
5
5
A
8
&
8



S e -=HYTHWs

Arrhythmias & Heart Failure

M Irm gt & Techroko glos| Advences

Endocardlal LV Pacing

LPat: 0
THIO: n

0__¥% ™

Morgan, Eur Heart J 2016;37:2118-27
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Baseline 6 months P-value* Response Responserate Response rate for
definition for all non-responders
patients with prior CRT

149 + 79 mL 121+ 74 mL 29 + 60 mL <00001 =15% relative
reduction reduction

=30% relative
reduction

29 + 10% 36+ 12% 7+ 10% increase  =<0.0001 =5% absolute
increase

Mitral Moderate/ Moderate/ 0.035 =1 class

] H . o, . o,
reg Urgﬁat"?‘” severe: 41% severe: 30% Cohort Time frame Implant failed Implant success All patients

NYHA class IIIANAY: 3%/ VIAIAIV: 195/ | Prienes =ersid Implant (14) Total (132)
209/69%/7% 519%/28%/2%
Six-minute 332 + 117 m 388 + 135 m Procedure complication

Intracardiac thrombus

walking test Aorta puncture

Implant 6 months =6 months
(118) (118) (105) (94)

Pericardial effusion

Morgan, Eur Heart [JRGEHEEEES
J 2016;37:2118-27 =

Pocket haematoma
Nose bleeding

Retroperitoneal haematoma

Lead dislodgement
Confirmed stroke

Stroke

Retinal artery thrombus

Transient ischaemic attack™®
Infection
Total
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Diameter 2.7mm

WISE-CRT

Arrhyt ear
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Co-Implant
Co-implanted pacemaker, ICD or CRT
paces the right ventricle

Receiver Electrode
Implanted onto the endocardium, the

receiver electrede converts ultrasound
energy into electrical energy to pace
the left ventricle

Transmitter

Phased array ultrasound transmitter Is
implanted sub-muscular over a cardiac
echo window. Synchronizes with an RV
pacing pulse to transmit ultrasound
energy to the Receiver Electrode to
provide Bi-V pacing

Battery

Implanted subcutaneously on the left
mid axillary line, powers the
transmitter

Neuzil, ESC Rom 2016
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WISE-CRT

A ____ W B Delivery
- ] Catheter

, EGM with Current
_ B - of Injury
;,-f-‘ﬁ RN
‘ ), Surface ECG

/

PR

Advance Electrode to Anchor

e -
! . potn> |

-
Step #3 4 -
__-,,-—"A- 5 fﬂ e

-

s Release Electrode

Auricchio, Europace 2014;16:681-8
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WISE-CRT
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0.05cc,0.12g

Woven polyester
outer jacket

Attached to LV endocardium with 5 barb fixation anchor
Woven polyester outer jacket

Enhanced endothelialisation
,_Minimised risk of thromboembolic events

Neuzil, ESC Rom 2016

A
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Receiver/Pacing .
Electrode

» successful implant in only 13/17 (76%) of pts n=17
~* 3 pts (18%) pericardial effusion
f 2 pts (11%) revision of transmitter (loss of communication)
A_...vl pt unexpected battery depletion Auricchio, Europace 2014;16:681-8
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200 EF%, baseline and 6m
Mean £ SD QRS duration, ms Je Clinical composite score
180 - ——" - 76% (19) pts improved
only sl 16% (4) pts unchanged
40— )
60l 8% (2) pts worsened
M5
30
40—
27.4
12{}__ ] IEEE—— 1 I— 1 I— 1 ] 1 I m-—
“I} T T T T 1 1(}
Baseline 1wk im 6m 12m Raseline
y |

« 3/39 patients no sufficient ultrasound window
« 34/35 implantations successful
< 4+ 33 patients with 6 month data (25 pts with 12 months)

ﬁ\

Neuzil, ESC Rom 2016
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CRT and Atrial Fibrillation

Recommendations Class?® Level b

|) Patients with HF, wide
QRS and reduced LVEF:

|A) CRT should be

considered in chronic HF

patients, intrinsic QRS =120

ms and LVEF <35% who B
remain in NYHA functional

class lll and ambulatory IV

despite adequate medical

treatment®, provided that a

BiV pacing as close to 100%

as possible can be achieved.

M

In contrast to SR, CRT in permanent
. AF only (at best) class lla indication

.‘\ }.".,\ '.§:~\ \ \

Why?

|B) AV junction ablation
should be added in case of B

incomplete BiV pacing.

1) Patients with

uncontrolled heart rate

who are candidates for

AV junction ablation.

CRT should be considered in B
patients with reduced LVEF

who are candidates for AV

junction ablation for rate

control.

Brignole, Eur Heart J 2013
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CRT and AF: RAFT

P Value tor
Hazard Ratio (95% CI) Interaction

Subgroup
0.75

Male 573/1490

Female 88/308
NYHA class

1 446/1438

1 215/360
Underlying heart disease

Ischemic

Nonischemic
QRS durati

Intrinsic C

0.003

Paced QRS : ec 54/135
Left ventricular ejection fraction
1757431
486/1367

Atrial rhythm

Permanent atrial fibrillation or flutter 104/22¢
Sinus or atrial paced 557/1569

Diabetes
Yes 258/606
No 403/1192

Hypertension
Yes
No

Estimated GFR

0 ml/min/1.73 m? 407/900

=60 ml/min/1.73 m? 25

All patients
5

ICD—-CRT Better ICD Better

Tang, N Eng J Med 2010;363:2385-95
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Pseudofusion, AF and CRT: 24h Holter

Responders Non-responders

O Fully paced beats @ Fusion beats o0 Pseudo-fusion beats

Kamath, J Am Coll Cardiol 2009;53:1050-5
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AVNA, AF and CRT: I\/Ietaanaly5|s

Risk Ratio Risk Ratio
Study or Subgroup Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Ferreira 2008 27 10.3% 0.59[0.20, 1.79]
Gasparini 2008 125 19.8% 0.42[0.22, 0.80]
Dong 2010 109 12.2% 0.32[0.12, 0.86]
Eisen 2013 56 4.2% 0.35[0.05, 2.35]

All-cause

Jedrzejczyk 2013 20 24.4% 0.85[0.51, 1.41]

R
Tolosana 2013 79 29.0% 0.97 [0.66, 1.43] _I mortality
<

Total (95% Cl) 416 100.0% 0.63[0.42, 0.96]
Heterogeneity, Tau*=0.12; Chi*=9.70,df=5 (P = 0.08); = 48%
Test for overall effect. Z= 217 (P = 0.03)

ho1 o1 1 10 100
Favours AVMNA+ Favours AVMNA-

Risk Ratio Risk Ratio
Study or Subgroup Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ferreira 2008 27 18.3% 0.45[0.13, 1.54] —

Gasparini 2008 125 356% 0.44(0.22, 0.88] —&—
Tolosana 2013 79 46.1% 1.00[0.62,1.61)

Cardiovasc.
mortality

-
Total (95% Cl) 231 100.0% 0.64 [0.34, 1.21] <o
Heterogeneity: Tau*=0.16; Chi*=4.37,df=2(P=0.11); F= 54% .
Test for overall effect: Z=1.37 (P=0.17)

0.01 041 1 10 100
Favours AVNA+ Favours AVNA-

Yin, Clin Cardiol 2014;37:707-15
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Permanent AF

Persistent AF
s Paroxysmal AF

No/Little AF

2
Time since Transmission (years)

Paroxysmal AF 4,219 2,774 1,597

Ousdigian, Circ Arrhythm Electrophysiol 2014;7:370-6
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Epidemic of Insufficient CRT

P <0.001

BIVP<90%
BIVP 90-98%
BIVP =08°

0 1 2 3
Time since Transmission (years)
BIVP<90% 5,464 3,456 1,967 940
BIVP 90-98% 16,566 10,753 6,266 2,952
BIVP >98°% 31,989 21,976 13,319 6,583

Ousdigian, Circ Arrhythm Electrophysiol 2014;7:370-6
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RAFT: BBB Type Subgroups

Subgroup

Age
<65 yr
=65yr

Sex
Male
Female

NYHA class
1
1

Underlying heart disease
Ischemic
Nonischemic

QRS duration
Intrinsic QRS <150 msec
Intrinsic QRS =150 msec
Paced QRS =200 msec

Left ventricular ejection fraction
<20%
=20%

QRS morphologic features
Right bundle-branch block
Left bundle-branch block
NIVCD

No./Total No.

24/763
420/1035

573/1490
88/308

446/1438
215/360

493/1201
163/597

248/627
359/1036
54/135

175/431
486/1367

70/161
449/1205
88/207

Hazard Ratio (95% CI)

P Value for
Interaction

0.75

QRS morphologic features
Right bundle-branch block
Left bundle-branch block

NIVCD
Paced

70/161
449/1295
88/207
54/135

<60 ml/min/1.73 m?
=60 ml/min/1.73 m?

All patients

407/900
250/882

0.2 0.5

-
+

-+
1

ICD—-CRT Better

ICD Better

Tang, N Eng J Med 2010;363:2385-95
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MADIT-CRT:. BBB Type Subgroups

A Patients with Left Bundle-Branch Block
1.00+ 0.30—

0.90+ 0.254
0.80+ 0.204
0.70+ 0.154

ICD only

0.60+ 0.10
0.50
0.40+
B Patients without Left Bundle-Branch Block 0.304

1.00+ 0.354 0.204
0.904  0.304

ability of Death

0.804 0.254

0704 9207
0.604 0.157 Follow-up (yr)
0.10-

0.50+
463 40 326 254

0.404 : 714 636 527 425
0.30]

0.204

Probability of Death

Follow-up (yr)

No. at Risk

ICD only 156 115 95
240 182 136 Goldenberg, N Engl J Med 2014;370:1694-701
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REVERSE: BBB Type Subgroups

1007,
Hazard ratio, 0,48 (CI, 0,24-0,94) N 1 Hazard ratio, 0,53 (CI, 0.26-1,0%) CRT OFF

A CRT OFF B 061
p=0.028 —— CRTON p = 0.0¢ —— CRTON

>

Non-LBBB

Death or first HF Hospitalization (%)

—_
=l
o™
o’
=
L=
=
=
=
o
b=
=
o
=
T
o
I
4
oo
=
=
=
o
—_—
e
=3
L
-

6 12 1% 24 10 6 12 1% 24 30)
Months since randomization Months since randomization
MNo. at Risk N, at Risk
CRTOFF 113 79 5 _ CRT OFF 78 7 47 19
CRTON 256 5 CRTON 160 7 93 40

Table 2. Effect of QRS Morphology on Changes in Echocardiographic Parameters at 12 Months
LEBE Non-LBBB

CAT ON CRT OFF CAT ON P for

in=211) (n=66) (n=131) P Interaction®
LVESW, mlL/m? F+25. 253+285 <O 15+107 —67+258 018  0.0003 Gold,
LVEDVi, mLim? 8+30. IBT+3E <. 12+247 —B5+305 011 00043 Circulation
LVEF, % B8+6. 5A+07 <0 07+63 00+72 083 00002 JEEPAONWANWACRCYYEY)
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CRT in 15,000 MEDICARE Patlents

Early (1-y)
Death, %

L BBB 11.3
VCD 145
RBBB 16.7
QRSd =150 ms 11.5
0.25 - p <0.0001 ORSd 120-149 ms  14.1

Conduction delay Nonischemic CM 9.5

U <o
—
O
Q
)
=
o
S
-
=
O
-
(D)
W

LBBB
RBBB
VCD
QRSd, ms
) 120-149
4 =150

1.00
1.44 (1.26-1.65)
1.18 (1.05-1.32)

1.00
0.77 (0.70-0.84)

Ischemic CM
NYHA class |-l
NYHA class Il
NYHA class IV

13.9

8.0
11.6
21.6

Bilchick, Circulation. 2010;122:2022-30
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CRT Iin Non-LBBB: I\/IetaanaIyS|s 2015

Risk Ratio Risk Ratio
Study or Subgroup IV, Random, 95% CI IV, Randam, 95% CI
Death
MADIT-CRT (non-LBBB) 1.57¥ [1.03, 2.39]

RAFT (non-LBBB) 0.82 [0.51, 1.32] ——-
Subtotal (95% CI) 1.15 [0.61, 2.16] -

Heterogeneity: Tau®*=0.16; Chi# =4.02,df =1 (P = 0.04); *=75%
Test for overall effect: Z = 0.42 (P = 0.67)

Heart failure

MADIT-CRT (non-LBBB) 1.13 [0.80, 1.60]

RAFT (non-LBBE) 1.09 [0.73, 1.62]

Subtotal (95% Cl) 1.11 [0.86, 1.45]
Heterogeneity: Tau® = 0.00; Chi* = 0.02, df = 1 (P = 0.89); I* = 0%
Test for overall effect: Z = 0.80 (P = 0.42)

Death or heart failure

CARE-HF (RBBB) 0.81 [0.52, 1.28]

COMPANION (non-LBBB) 0.86 [D.63, 1.17]

MADIT-CRT (non-LEEB) 1.27 [0.94, 1.73]

RAFT (non-LBBB) 1.03 [0.75, 1.42]

REVERSE (non-LBBB) 0.50 [0.11, 2.29]

Subtotal (95% CI) 0.99 [0.82, 1.20]

Heterogeneity: Tau®*=0.01; Chi*=4.85,df =4 (P=0.29); I*=19%

Test for overall effect: Z = 0.09 (P = 0.92) } | } i
0.1 1 10 100
Favours CRT Favours control

Cunnington, Heart 2015;101:1456—62
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ESC Guidelines 2013
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e Sinus rhythm

 LVEF =<35%

« optimal medical therapy

« NYHA class I, lll or (ambulatory) IV

Recommendation Class Level of
Evidence
LBBB, QRS > 150 ms

LBBB, QRS 120-150 ms
Non-LBBB, QRS > 150 ms

Non-LBBB, QRS 120-150 ms

QRS <120 ms

]
“
; ¥ .v. “
>N, o ’ R
DPTIE Sy, N
¥ |
! o ; A S ;

st - Brignole, Eur Heart J 2013

~
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Unadjusted P=0.374

£
-
T
@
o
~—
°
2
T
-
°
—
=%

0.00 ===
0.0

Patients at Risk

ICD 87 81 (0.02) 68 (0.06) 42 (0.06)
LAFB 80 75 (0.04) 66 (0.08) 40 (0.13)
Non-LAFB 52 49 (0.02) 43 (0.02) 27 (0.05)

Percent Change in Echo Parameter
Baseline vs. 12-Month Follow-up

B ICDOnly(n=74)
W LAFB Pattern (n=48)
MNon-LAFE (n=31)

Tompkins, Am J Cardiol 2013;112:525-9
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CRT In Non-LBBB: Dyssynchrony

Non-LBBB |+ IVMD

@
o

a
o

Non-LBBB |+

=]
o

Dyssynchrony

o

o
n
o

Left Ventricular Assist Device
N
o

—_
o
o
c
=
o
@
c
<
—
-
£
—
=
i
o
£
e
e
£
o
°
@
<
w

*P<0.0001 vs. LBBB,
P<0.001 vs. Non-LBBB + Radial Dyssynchrony

o
o

Left Ventricular Assist Device
N
o

—
o
-
=
2
Qo
2]
=
©
S
[
£
—
«©
@
(=]
E
o
=
—
E
g
@
w

*P<0,0001 vs. LBBB,

LBBB (n=124) 67
P<0.001 vs. Non-LBBB +IVMD

Non-LBBB +RD (n=64) 40

Non-LBBB -RD (n=57) 23
Time from CRT (years)
: LBBB (n=124)
P |tts bu rg y PA Non-LBBB +IVMD (n=31) 2 ?g ‘:%
Non-LBBB -IVMD (n=79) 36 20

P

— Non-LBBB pts with dyssynchrony better long-term survival
with CRT than non-LBBB pts without dyssynchrony

R "\

1 \\ Hara, Eur Heart J 2012;33:2680-91
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LBBB and QRS Duration: RAF

—
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¥ ]

-

L=]
e
1
—0.8
b
Lo |
I
I

0.6

o
=
1

130 135 140 1456 160 166 160 166 170 178 180 186 190
QRS Duration in msec

#i Hazard ratio for primary composite endpoint

7 Sk Birnie, Circ Heart Fail. 2013;6:1190-8
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Non-LBBB and QRS Duration: RAFT

k=
i
m
1 4
=
5
o
L

Birnie, Circ Heart Fail. 2013;6:1190-8
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Non LBBB and PQ Duration: I\/IADIT-CRT

Unadjusted P<0.001

0.5 1

0.4 -
PR >= 230 ms_l_[—-[—

0.3 1

0.2 1

0.1 PR <230 ms

e
-—
®
D
©
b
o
W
I
.
°
>
=
5
T
a
<]
.~
o
B2
>
=
©
-
E
3
O

0.0 - : i )

Table 2. Risk of HF/Death, HF Only, and All-Cause Mortality in Non-LBBB Patients
Follow-up | Implanted With ICD-Only by Baseline PR Interval

Patients at Risk

95% Confidence

PR>=230ms 36 29 (0.17) 22 (0.34) | eng point* Hazard Ratio Interval PValue
PR<230ms 171 152 (0.08) 137 (0.15)

HF or death (50 events/185 patients)

PR =230 vs PR <230 ms (17 vs 33 events) 3.28 1.72-6.26 <0.001
HF only (45 events/185 patients)

PR =230 vs PR <230 ms (16 vs 29 events) 3.56 1.82-6.98 <0.001
All-cause mortality (20 events/185 patients)

PR =230 vs PR< 230 ms (B vs 12 events) 3.56 1.34-9.51 0.01

Kutyifa, Circ Arrhythm Electrophysiol. 2014;7:645-651
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Non-LBBB and PQ Duration: MADIT-CRT

0.5 1

0.4 4

0.3 1

0.2 4

Cumulative Probability of HF/Death T»

0.1 4

0.0 -

Unadjusted P=0.015

Patients at Risk

ICD 36
CRT-D 60

C 05+
0.5 4
0.4
0.3
0.2

0.1

Cumulative Probability of HF/Death

0.0

Follow-up Years

29 (0.17) 22 (0.34)
55 (0.08) 47 (0.15)

Unadjusted P=0.065

13 (0.41)
30 (0.25)

4(0.57)
13 (0.25)

Patients at Risk

ICD 171
CRT-D 267

2
Follow-up Years

152 (0.08) 137 {0.15)
231 (0.12) 187 (0.22)

88 (0.18)
126 (0.27)

38 (0.25)
5510.35)

Unadjusted P=0.059
0.5

0.4

0.3

0.2

Cumulative Probability of Death

0.1

0.0 -

il

Patients at Risk Followi-up Years

ICD 36 34 (0.03) 30 (0.09) 17 (0.19) 4 (0.42
CRT-D €0 59(0.02) 54 (0.02) 35 (0.08) 15 (D.10)

Unadjusted P=0.021

Cumulative Probability of Death

0

Patients at Risk Follow-up Years

I 171 161 [0.02% 154 (0.04) 100 (0.04) 43 (0.12)
CRT-D 257 252 (0.04, 232 (0.08) 146 (0.14) 68 (0,20}

Kutyifa, Circ Arrhythm Electrophysiol. 2014;7:645-651
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 Better materials

* Quadripolar leads (+MPP) increase
response to CRT

* Endocardial (multisite) LV pacing

* Indication: permanent AF, Non-LBBB, PQ

A > 230 ms
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2 East African Heart Rhythm Project

EAST ARRICAN
HEART RHFTH PROVECT www.eahrp.com

NBP

. 5227 (29) i

i

-

Thank You for
Your Attention!
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AF and CRT. Metaanalysis

Risk Ratio Risk Ratio
Study or Subgroup  Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.2.1 BiVP<90%
Molhoek 2004 9.1% 0.64 [0.25, 1.63)
Gasparini 2006 73.7%  0.40[0.30, 0.54) . =
Ferreira 2008 17.1% 0.32[0.12, 0.85) .
Subtotal (95% Cl) 100.0%  0.41[0.31, 0.54] <&
Heterogeneity: Chi*=1.12,df=2(P=0.57); F=0%
Test for overall effect: Z=6.18 (P < 0.00001)

5.2.2 BiVP>90%

Tolosana 2008 30.6% 1.02[0.58, 1.82]
Jedrzejczyk 2013 46.2% 0.95[0.61,1.49]
Tolosana 2013 23.2% 0.96 [0.52,1.75]
Subtotal (95% Cl) 100.0%  0.97[0.72, 1.32]

M Total events 44 71
Heterogeneity: Chi*= 0.04, df=2 (P=0.98); = 0%
Test for overall effect: Z=0.17 (P=0.87)
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