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CRT in Mild Heart Failure

Aims

• History

• Mechanisms

• Background Studies Leading up to MADIT-CRT

Treatment of Heart Failure

18th Century : Digitalis Folia

1920s : Mercurial Diuretics
1950s : Thiazide Diuretics
1960s : Loop Diuretics

1987 : ACE Inhibitors
1997 : Beta - Blockers
2000 : Spironolactone

Consensus and SOLVD studies

N Engl J Med.
1987 Jun
4;316(23):142
9-35

N Engl J Med.
1991 Aug
325 (5): 293-
302

Packer M et al. N Engl J Med 2001;344:1651-1658

Effect of Carvedilol on Survival in
Severe Chronic Heart Failure

2289 patients with Heart
Failure
NYHA Grade III or IV
35% reduction in all cause
mortality

Gold 1st epicardial BV Annals
thoracic Surgery
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Optimal LV site in LBBB

Circulation, 2007

Variation in activation patterns

Fung et al., Heart 2007; 93: 432-437

Impact of Scar

Bleeker et al, Circulation 2006;113;969-976

MRI-no scar

Ginks MR, Lambiase PD, et al
Circ Heart Fail. 2011;4:170-179

Large area of fibrosis LAD territory

Circ Heart Fail. 2011;4:170-179

Increased Mortality Rate with LBBB

• Increased 1-year mortality
with presence of complete
LBBB
(QRS > 140 ms)

• Risk remains significant
even after adjusting for
age, underlying cardiac
disease, indicators of
HF severity, and HF
medications

Baldasseroni S, et al. Am Heart J 2002;143:398-405
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Summary of Proposed Mechanisms

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

Intraventricular
Synchrony

Atrioventricular
Synchrony

Interventricular
Synchrony

 LA
Pressure

 LV Diastolic
Filling

 RV Stroke
Volume

 LVESV  LVEDV

Reverse Remodeling

Cardiac Resynchronization

 MR dP/dt,  EF,  CO
( Pulse Pressure)

dP/dtmax (mmHg/s)
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Dobutamine N =7

p<0.001

Nelson, et al. Circulation 2000

Mechano-energetic Effects of Cardiac
Resynchronisation

Reverse Remodeling

Yu et al, Circulation. 2002;105:438-445

NORMAL

AT REST

RV LV

RV LV

RV LV

RV LV

WITH LBNP

CHF

Ventricular volume changes
with LBNP

LV
Twist

Normal Heart Failure

Normal Heart Failure
Bertini et al, J Am Coll Cardiol 2009;54:1317–25

CRT Improves LV
Twist
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Cellular effects of Induced LBBB (Canine)

Cardiovascular Research 67 (2005) 77 – 86

Shortening of APD in Lateral Sites

Cardiovascular Research 67 (2005) 77 – 86

Reduction of Apoptosis

Circulation 2008;117;1369-1377

MUSTIC

CRT Improves Quality of Life Score and
NYHA Functional Class

QoL NYHA

PATH-CHF1 (n=41) + +

InSync (Europe)2 (n=103) + +

InSync ICD (Europe)3 (n=84) + +

MUSTIC4 (n=67) +

MIRACLE5 (n=453) + +

MIRACLE ICD6 (n=364) + +

1 Auricchio A. Stellbrink C, Sack S., et al. J Am Coll Cardiol 2002;39:2026-
2033

2 Gras D, Leclercq C, Tang A, et al. Eur J Heart Failure 2002;4:311-320
3 Kuhlkamp V. JACC 2002;39:790-797
4 Linde C, Leclercq C, Rex S, et al. J Am Coll Cardiol 2002;40:111-118

5 Abraham W, Fisher W, Smith A, et al.
N Engl J Med. 2002;346:1845-1853

6 Leon A. NASPE Scientific Sessions – Late Breaking
Clinical Trials. May 2002; Medtronic Inc. data on file

+ Statistically significant improvement with CRT (p  0.05)
 Not statistically significant or No statistical analysis performed on data

Blank Indicates test neither performed nor reported

CRT Improves Exercise Capacity

1 Auricchio A. Stellbrink C, Sack S., et al. J Am Coll Cardiol 2002;39:2026-
2033

2 Gras D, Leclercq C, Tang A, et al. Eur J Heart Failure 2002;4:311-320
3 Kuhlkamp V. JACC 2002;39:790-797
4 Linde C, Leclercq C, Rex S, et al. J Am Coll Cardiol 2002;40:111-118

5 Abraham W, Fisher W, Smith A, et al.
N Engl J Med. 2002;346:1845-1853

6 Leon A. NASPE Scientific Sessions – Late Breaking
Clinical Trials. May 2002; Medtronic Inc., data on file

6 Min Walk Peak VO2 Exercise
Time

PATH-CHF1 (n=41) + +

InSync (Europe)2 (n=103) +

InSync ICD (Europe)3 (n=84) +

MUSTIC4 (n=67) + 

MIRACLE5 (n=453) + + +

MIRACLE ICD6 (n=364)  + +

+ Statistically significant improvement with CRT (p  0.05)
 Not statistically significant or No statistical analysis performed on data

Blank Indicates test neither performed nor reported
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CRT Improves Cardiac
Function/Structure

1 Auricchio A. Stellbrink C, Sack S., et al. J Am Coll Cardiol 2002;39:2026-
2033

2 Gras D, Leclercq C, Tang A, et al. Eur J Heart Failure 2002;4:311-320
3 Kuhlkamp V. JACC 2002;39:790-797
4 Linde C, Leclercq C, Rex S, et al. J Am Coll Cardiol 2002;40:111-118

5 Abraham W, Fisher W, Smith A, et al.
N Engl J Med. 2002;346:1845-1853

6 Young J. ACC Scientific Sessions – Late Breaking
Clinical Trials III. March 2002; Medtronic Inc.,
data on file

+ LVESV,
+ LVEDV

+
MIRACLE ICD6 (n=362)

+ LVEDD,

+ LVEDV, LVESV

+
+MIRACLE5 (n=453)

 LVEDD,LVESD
 Filling TimeMUSTIC4 (n=67)

+ Filling Time+InSync ICD (Europe)3 (n=84)
+ Filling Time

+InSync (Europe)2 (n=103)

+ LVEDP
+ LV dP/dtmax

PATH-CHF1 (n=41)

OtherMRLVEF

+ Statistically significant improvement with CRT (p  0.05)
 Not statistically significant or No statistical analysis performed on data

Blank Indicates test neither performed nor reported

COMPANION

Days from Randomization

OPT

CRT HR 0.81 (CI: 0.69 – 0.96)

CRT-D HR 0.80 (CI: 0.68 – 0.95)

12-month Event Rates
OPT: 68%
CRT: 56% (AR = 12%)
CRT-D: 56% (AR = 12%)
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CRT vs. OPT: RR = 19%, p = 0.014

CRT-D vs. OPT: RR = 20%, p = 0.010

Bristow MR et al., N Engl J Med. 2004; 350:2140-2150
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Care-HF

N Engl J Med 2005;352

Reverse Remodeling

MADIT CRT, NEJM 2009

MADIT CRT, NEJM 2009
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Reverse Remodeling

Class II-III Heart Failure

Reduced Hospitalisation and Mortality
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Moss Meta-anlaysis-JACC Conclusions

• CRT-D is now an established therapy for heart failure
with broad QRS which reduces mortality

• Exerts significant positive effects on LV remodelling
both mechanical and electrical

• Translates into reduced hospitalisations not only in
NYHA III-IV but mild heart failure

• Major implications to modify and slow disease
progression and reduce mortality

Challenges:
(i) Identification mild HF patients most likely to benefit
(ii) Timing and cost-efficacy of intervention

MADIT CRT, NEJM 2009


