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Recommendation in patients with heart failure in New York Heart Association function class III/IV

Recommendation Patient population Class? LevelP Ref.c

CRT-P/CRT-D is NYHA function class [II/IV 5—19

recommended to reduce _ -
morbidity and mortality® LVEF =35%, QRS =120 ms, SR
Optimal medical therapy

Class IV patients should be
ambulatory®

*Class of recommendation.

"Level of evidence.

“References.

“Reasonable expectation of survival with good functional status for =1 year for CRT-D. Patients with a secondary prevention indication for an ICD should receive a CRT-D.
*No admissions for HF during the last month and a reasonable expectation of survival =6 months.

CLASS |

1. For patients who have LVEF less than or equal to 35%, a QRS
duration greater than or equal to 0.12 seconds, and sinus
rhythm, CRT with or without an ICD is indicated for the treatment
of NYHA functional Class Ill or ambulatory Class IV heart failure
symptoms with optimal recommended medical therapy. (Level of
Evidence: A) (222,224,225,231)
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Table | Inclusion criteria in randomized clinical trials evaluating cardiac resynchronization therapy in heart failure

Trial Patients NYHA class LVEF (%) LVEDD (mm) SR/AF QRS (ms) ICD
MUSTIC-SR'® 58 I <35 >60 SR >150 No
MIRACLE® 453 I, v <35 >55 SR >130 No
MUSTIC AF* 43 I <35 > 60 AF >200 No
PATH CHF® 41 I, v <35 NA SR >120 No
MIRACLE ICD?® 369 I, v <35 >55 SR >130 Yes
CONTAK CD** 227 I, Iv <35 NA SR >120 Yes
MIRACLE ICD I’ 186 [ <35 >55 SR >130 Yes
PATH CHF II°® 89 I, 1v <35 NA SR >120 Yes/no
COMPANION'™ 1520 I, v <35 NA SR >120 Yes/no
CARE HF"' 814 I, v <35 >30 SR >120 No
CARE HF'"/ 813 I, v <35 >30 SR >120 No
REVERSE?"#2 610 I, 11 <40 >55 SR >120 Yes/no
MADIT CRT* 1800 I, 11 <30 NA SR >130 Yes
RAFT>¢ 1800 Canada I, m <30 > 60 SR/AF >130 Yes




Recommendation in patients with heart failure in New York Heart Association function class III/IV

Recommendation Patient population Class? LevelP Ref.c
7
< CRT-P/CRT-D/s NYHA function class [II/1V 5-19

recommended to reduce

morbidity and mortality® LVEF <35%, QRS =120 ms, SR

Optimal medical therapy

Class IV patients should be
ambulatory®

*Class of recommendation.

"Level of evidence.

“References.

“Reasonable expectation of survival with good functional status for =1 year for CRT-D. Patients with a secondary prevention indication for an ICD should receive a CRT-D.
*No admissions for HF during the last month and a reasonable expectation of survival =6 months.

CLASS |

1. For patients who have LVEF less than or equal to 35%, a QRS
duration greater than or equal to 0.12 seconds, and sinus
rhythm,CRT with or without an ICDI® indicated for the treatment
of NYHA functional Class Ill or ambulatory Class IV heart failure
symptoms with optimal recommended medical therapy. (Level of
Evidence: A) (222,224,225,231)
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Recommendation

Pati population

CRT-PICRT-D is
recommended to reduce
morbidity and mortality®

N ction class M1V
LVEF <35%, QRS =120 ms, SR

Optimal medical therapy

Class IV patients should be
ambulatory®

*Class of recommendation.
® evel of evidence.
“References.

“Reasonable expectation of survival with good functional status for = 1 year for CRT-D. Patients with a secondary prevention indication for an ICD should receive a CRT-D.
*MNo admissions for HF during the last month and a reasonable expectation of survival =6 months.
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Table |

Inclusion criteria in randomized clinical trials evaluating cardiac resynchronization therapy in heart failure

N\

Trial Patients NYHA class VEF (%) LVEDD (mm) SR/AF QRS (ms) ICD
MUSTIC-SR'® 58 I <35 >60 SR >150 No
MIRACLE® 453 I, v <35 >55 SR >130 No
MUSTIC AF* 43 I <35 > 60 AF >200 No
PATH CHF® 41 I, v <35 NA SR >120 No
MIRACLE ICD?® 369 I, v <35 >55 SR >130 Yes
CONTAK CD** 227 I, Iv <35 NA SR >120 Yes
MIRACLE ICD I’ 186 [ <35 >55 SR >130 Yes
PATH CHF II°® 89 I, 1v <35 NA SR >120 Yes/no
COMPANION'™ 1520 I, v <35 NA SR >120 Yes/no
CARE HF"' 814 I, v <35 >30 SR >120 No
CARE HF'"/ 813 I, v <35 >30 SR >120 No
REVERSE?"#2 610 I, 11 <40 >55 SR >120 Yes/no
MADIT CRT* 1800 I, 11 <30 NA SR >130 Yes
RAFT>¢ 1800 Canada I, m <30 > 60 SR/AF >130 Yes




Table 1. Characteristics of trials in heart failure patients with wide QRS.

—
Baseline CARE HF COMPANION MIRACLE MUSTIC MUSTIC AF
characteristics [24] [23] [20, 32] [18] [19]

Medical CRT Medical CRT Medical CRT First Second UniRV- BiV-
Rx Rx Rx study study -BiV -UniRV
group group

Randomization Yes Yes Yes Yes Yes
Follow up 24.9 months 12 months 6 months 6 months 6 months
Number 404 409 308 617 225 228 29 29 18 25
Mean QRS 160* 160* 158* 160* 165+x20 167+x21 17222 17519 209%+18 209+21
Age 66* 67* 68* 67* 64x11 64x10.7 6411 64+8 66+x9 65%9
Men (%) 73 74 69 67 68 68 65.5 82.7 77 84
Ischemic (%) 40 36 59 54 58 50 37.3 37.3 143 13
NYHA Il (%) 93 94 82 87 91 90 100 100 100 100

BN QoL NA NA 39 40 59+21 59+20 48%+19 46+25 50x20 40%23
6 MWD NA _NA_ 244* 274* 291+101 305+85 354+110 346+111 317+71 338+95

EF 25* 25* 22* 20 216+6.2 21.8+6.3 23+7 23+7 3012 23 F 7>

Diuretics (%) 4z 43 9% % 93 974 97 94 100 100
ACEI or ARB (%) 95 95 89 89 90 93 96 96 100 100
Beta-blockers (%) 74 70 66 68 55 62 28 28 23 23
Spirinolactone (%) 59 54 53 53 NA NA 22 22 16 16

Digoxin (%) 45 40 NA NA 79 78 48 48 58 58




Recommendation in patients with heart failure in New York Heart Association function class IIl/IV

Recommendation Patient populati Class?® | LevelP Ref.€

5-19

CRT-P/CRT-D is NYHA function ¢ (\%

recommended to reduce
LVEF <35%, QRS =120 SR
morbidity and mortality* 'Q mes

Optimal medical therapy

Class IV patients should be
ambulatory®

*Class of recommendation.
® evel of evidence.

“References.
“Reasonable expectation of survival with good functional status for =1 year for CRT-D. Patients with a secondary prevention indication for an ICD should receive a CRT-D.

*No admissions for HF during the last month and a reasonable expectation of survival =6 months.
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Table | Inclusion criteria in randomized clinical trials evaluating cardiac resynchronization therapy in heart failure

Trial Patients NYHA class LVEF (%) LVEDD (mm) SR/AF ICD
MUSTIC-SR'® 58 I <35 >60 SR No
MIRACLE® 453 I, v <35 >55 SR No
MUSTIC AF* 43 I <35 > 60 AF No
PATH CHF® 41 I, v <35 NA SR No
MIRACLE ICD?® 369 I, v <35 >55 SR Yes
CONTAK CD** 227 I, IV <35 NA SR > Yes
MIRACLE ICD I’ 186 [ <35 >55 SR >130 Yes
PATH CHF II°® 89 I, 1v <35 NA SR >120 Yes/no
COMPANION'™ 1520 I, v <35 NA SR >120 Yes/no
CARE HF"' 814 I, v <35 >30 SR >120 No
CARE HF'"/ 813 I, v <35 >30 SR >120 No
REVERSE?"#2 610 I, 11 <40 >55 SR >120 Yes/no
MADIT CRT* 1800 I, 11 <30 NA SR >130 Yes
RAFT>¢ 1800 Canada I, m <30 > 60 SR/AF >130 Yes




— Table 1. Characteristics of trials in heart failure patients with wide QRS.

Baseline CARE HF COMPANION MIRACLE MUSTIC MUSTIC AF
characteristics [24] [23] [20, 32] [18] [19]
Medical CRT Medical CRT Medical CRT First Second UniRV- BiV-
Rx Rx Rx study study -BiV -UniRV
group group
Randomization Yes Yes Yes Yes Yes
Follow up 24.9 months 12 months 6 months 6 months 6 months
Number 404 409 308 617 225 228 29 29 18 25
ean QRS 160* 160* 158* 160* 165+20 167+21 172%+22 175+19 209+18 209+t7D
Age 66 67 B8~ 67% GAEXTT 64x10.7 6411 64+8 66+9 65+9
Men (%) 73 74 69 67 68 68 65.5 82.7 77 84
Ischemic (%) 40 36 59 54 58 50 37.3 37.3 143 13
NYHA Il (%) 93 94 82 87 91 90 100 100 100 100
BN QoL NA NA 39 40 59+21 59+20 48%+19 46+25 50x20 40%23
6 MWD NA NA 244* 274* 291101 305+85 354+110 346111 317+71 338+95
LVEF 25* 25* 22* 20 216+6.2 21.8+6.3 23+7 23+7 30+12 237
Diuretics (%) 44 43 94 94 93 94 94 94 100 100
ACEI or ARB (%) 95 95 89 89 90 93 96 96 100 100
Beta-blockers (%) 74 70 66 68 55 62 28 28 23 23
Spirinolactone (%) 59 54 53 53 NA NA 22 22 16 16

Digoxin (%) 45 40 NA NA 79 78 48 48 58 58
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+ CARE-HF (Gervais, Eur J Heart Fail 2009).
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APKETEG MIKPEG UEAETEG EXOUV. OEICEN
owzNoC cfrro CRT ge dgdevelc Uz greVo

QRS KAl «OUCUYXPOVIOUO»—

et e

Bleeker et al. [47] Yu et al. [48] Achilli et al. [46] Gasparini et al. [49]

<120ms >120ms <120ms >120ms <120ms > 120ms < 120ms > 120 ms

Reduction 09+06 1.1+x06 0.73+0.490.81 +0.68 1.6 = 0.1 1.7 NA NA
in NYHA
Reduction 13 £ 16 -2 8 19 18 = 20 NA NA NA NA
in QoL
Improvement 89 +107 13095 46 + 88 53 + 61 935 * 18.7 138.2 + 27 182 128
6 MWD
Improvement 8+8 9+7 7.3 6.3, 8.3 76 9+09 106 x=0.8 14 9
in LVEF (%)
Reduction 26 +32' 35+51" 8.6+ 14 16.1 = 65.6 = 71.6 = NA NA
in LVEDV' (cc)/ 17.6' 8.52° 10.722

- /LVEDD?[mm]
Reduction 39 +34" 44 +46' 17.1 £18.6' 24.2 = 55.6 + 57.9 + 71.8 55.3
in LVESV' (cc)/ 21" 8.22° 112°
/LVESD? [mm]
All cause mortality 9 14 NA NA 3 7 3 51
Sudden death 0 2 NA NA 1 4 1 5

Progressive HF 8 1 NA NA 2 2 0 35
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Recommendation in patients with heart failure in New York Heart Association function class IIl/IV

Recommendation

Patient population

CRT-PICRT-D is
recommended to reduce
morbidity and mortality*

NYHA functi
LVEF =35%,

lass 11V
=120 ms, SR

Class IV patients should be
ambulatory®

Class?

Levelb

Ref.€

5-19

*Class of recommendation.
® evel of evidence.
“References.

“Reasonable expectation of survival with good functional status for =1 year for CRT-D. Patients with a secondary prevention indication for an ICD should receive a CRT-D.
*MNo admissions for HF during the last month and a reasonable expectation of survival =6 months.
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Response to

- Dyssynchrony
Scar tissue in LV lead
Extensive scar (>50% of LV)
LV lead mismatch
(vs site of latest mechanical activation)
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Recommendation in patients with heart failure in New York Heart Association function class Il

Recommendation Patient population Class® Level®

CRT preferentially by G8I-D | NYHA function class |l
is recommended to rec

disease progression®

Optimal medical therapy

ACC/AHA/HRS 2008 Guidelines for Device-Based Therapy of Cardiac Rhythm
Abnormalities: A Report of the American College of Cardiology/American

MIRACLE ICD Il, MADIT-CRT, REVERSE (+ European Extension), RAFT



Kaplan-Meier Estimates of
All cause Mortality

Death at Any Time During the Study

ICD-CRT
(5-yr survival rate 0.714)

HR (95% Cl1) 0.75 (0.62, 0.91) IcD
i (5-yr survival rate 0.654)

®
E
3
[
B
£
2

2 3
Years of Follow-up
No. at Risk
ICD/CRT 894 685 502

ICD 904 482




Recommendation in patients with heart failure in New York Heart Association function class Il

Recommendation i population Class® Level®

CRT preferentially by CRT-D| NYH

is recommended to reduce v _
morbidity or to prevent LVEF =35%, QRS =150 ms, SR

disease progression®

Optimal medical therapy
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Recommendation in patients with heart failure in New York Heart Association function class Il

Recommendation Patient population Class® Level®

CRT preferentially by CRT-D| NYHA function class |

is recommended to reduce . _
morbidity or to prevent LVEF =35%, QRS =150 ms, SR

disease progression®

Optimal medical therapy
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MIRACLE VO2max
ICD Il

REVERSE KAINIKO

REVERSE «
EE

MADIT-CRT ONHX+KA

RAFT ONHZ+KA
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Primary Outcome:
Subgroup Analysis

No./Total No.

1476)
420/L033

S73/1400
18,308

446/1138
218350

4581261
183507

QRS durstion
Intnrsic QRS <150 msec
Intrinsic QRS =130 msec
Paced QRS = 200 msec

248,52)
159/103%
/138

Lol ventriodee sjaction lraction
<%
= %

175431
406/ 1367

QRS morchologe famures
Right bundie Suanch black
Left bundie branch tlock
NWNCD
Pucod

70/161
£40/1795
18207
54)135

Atnalrrythm
Permznent stridl fidel fovoe or flutier
Snusorama paced

Diabetes
You
No

Hypertenzon
Yes
Ne
<50 milfin)1. 73 @
260 mlfmin/1L 3

Nl pazoms

104/229
537/1569

238,506
431192

292/199
389999

&7)300
250/482




Variable
Age
<65 yr
=65yr
Sex
Male
Female
NYHA class
Ischemic |
Ischemic Il
Nonischemic ||

<170 ml
>170 ml
All patients

No. of Events/ No. of Patients

142/852
230/968

234/1367
78/453

53/265
186/734

147/645
225/1175

101/646
271/1174

184828
184/969

190/835
178/962
372/1820

Hazard Ratio

04 06 08 10

CRT-ICD Better

MADIT- CRT

1.2 14 16
—_— =

ICD Only Better
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Odds ratio
(95% C1)

0.70 {0.45-1.07)

059 [0.51-1.12)
| 0.77 (0.43-1,40)

069 (043-1.17)
| 0.75 (0.26-2.19)

0.87 (0.57-2.03)
| 0.60 10.351,01)

0.82 {0.47-1,45)

| 0.49 [0.24-0.99)

| 0.68 (0.57-1.23)

| 0.73 (0.59-1,37)

" 0.5310.26-0.97)

0.90 (0.48-1,68)

| 0.65 (0.33-1.27)

0.88 (0.47-1.64)

| 105 {0.58-1,89)
042 (0.22.0,81

' 0.98 (0.53-1.81)
| 0.49 {0.23-1.02)
| 0.73 [0.99-1.38)
| D67 (037121}

' 0.68 (0.44-1.06)
1.00 (0.14-7.10)

0.62 (0.35-1,01)

| 1.00 (0.46-2.96)

0.98 (0.31.3.08)
0.68 (0.41-1.05)

REVERSE



Recommendations in patients with heart failure and permanent atrial fibrillation

Recommendations Patient population Class?® Level® Ref.c

CRT-P/CRT-DY should be NYHA function class IlI/IV lla 27-40

considered to reduce e
morbidity LVEF <35%,

Pacemaker dependency induced

By AV nodal ablation

CRT-P/CRT-DY should be MNYHA function class III/1V lla —
considered to reduce

morbidity LVEF <35%, QRS =130 ms

Slow ventricular rate and frequent
pacing®

CLASS lla

1. For patients who have LVEF less than or equal to 35%, a QRS
duration greater than or equal conds, and AF, CRT with

or without an ICD is reasonable for the treatment of NYHA
functional Class Ill or ambulatory Class IV heart failure symp-
toms on optimal recommended medical therapy. (Level of EVvi-
dence: B) (220,231)
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Recommendations in patients with heart failure and a concomitant class | pacemaker indication

Recommendations Patient population Class? Level® Ref.c

CRT-P/CRT-DY is NYHA function class III/IV

recommended to reduce LVEF <35%, QRS =120 ms
morbidity

CRT-P/CRT-D¢ should be NYHA function class IlI/IV

consic.ie.red to reduce LVEF <35%. QRS <120 ms
morbidity

CRT-P/CRT-D9 may be NYHA function class Il

consi(.ie.red to reduce LVEF <35%, QRS <120 ms
morbidity

CLASS lla
2. For patients with LVEF less than or equal to 35% with NYHA

functional Class Il or ambulatory Class IV symptoms who are

receiving optimal recommended medical therapy and who have
frequent dependence on ventricular pacin_g, CRT is reasonable.
(Level of Evidence: C) (231)

CLASS IIb

1. For patients with LVEF less than or equal to 35% with NYHA
functional Class | or Il symptoms who are receiving optimal
recommended medical therapy and who are undergoing implan-
tation of a permanent pacemaker and/or ICD with gnticipated

Lteguent ventricular pacing, CRT may be considered. (Level of
Evidence: C) (231)




