
20 Years of Cardiac Resynchronization Therapy
A Revolution in Heart Failure Care

Last patient enrolled 
2003 !

CARE-HF



CARE-HF
• Primary Publication: 6,547 citations as of August 2023
• Secondary Publications: 16 (2005-2022) – many cited >100 times
• Many editorials, reviews & meta-analyses

AV delay optimisation:
shortest AV-delay without compromising the 
left atrial contribution to LV filling.



• MUSTIC: 2001 Single-Blind / X-over
• N = 58; 3 months

• CARE-HF initiated enrolment in 2001

• MIRACLE: 2002 Double-Blind
• N = 453; 6 months

• CARE-HF completed enrolment of 813 patients in 2003

• COMPANION: 2004 Not Blinded
• N = 1,520; ~15 months

• CARE-HF published in 2005

Timelines



QRS 120-149ms
N = 92

QRS ≥150ms
N = 721





By ITT 24.7% 38.1%     
Δ 13.4%

As treated  24.4% 42.7%
Δ 18.3%

M
ean Follow

-up 36.4 m
onths



Robust evidence for only one of these assertions !



Cardiac Resynchronization Therapy for HFrEF

• How does (might) it work?

• Compared to what?

• For whom?



How Does CRT Work?
• Senses (and potentially paces) the RA

• Prevents pauses / bradycardia (reducing sudden death)

• Shortens the AV interval (can’t if in AF)
• Pump-primes LV & RV
• Reduces diastolic MR

• Ventricular Pacing
• Treats AV block (reducing sudden death) without exacerbating dyssynchrony

• Alters the timing of RV, LV free-wall & papillary muscle contraction
• Stabilises the interventricular septum (reducing interventricular dyssynchrony)
• Corrects delays in LV free-wall activation (reducing LV-dyssynchrony)
• Reduces functional systolic MR (with luck) if present

• Raises systolic blood pressure (& improves haemodynamics)
• By one or more of the above mechanisms

• Ventricular remodelling
• Reduces risk of VT (and sudden death)

• Which of these mechanisms is most important?

• Does the importance of each mechanism vary from one patient to the next?

• Does the importance of each mechanism vary over time?

• Does the importance of each mechanism vary with physical activity?



Meta-analysis of CRT Trials - Ischaemic Heart Disease

Mortality

HF Hospitalisation or 
Death

DCM + CRT

IHD + CRT

IHD + No CRT

DCM + CRT

DCM + No CRT

IHD + CRT

IHD + No CRT

• Less benefit if IHD
• Yes, for LVEF
• Maybe for symptoms
• Not true for mortality

DCM + No CRT



Effect of CRT on Blood Pressure
COMPANION

NEJM 2004
CARE-HF
NEJM 2005



VV

AV

Finapres BP
Data are for ONE example only



Cardiac Resychronization Therapy
Compared to what?

CRT-P compared to
Pharmacological Therapy

CRT-P compared to
Back-up RV Pacing*

CRT-D compared to
ICD + Back-up RV Pacing*

COMPANION MIRACLE MIRACLE-ICD
CARE-HF MADIT-CRT

RAFT
REVERSE (mostly)

* A two-edged sword
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CRT-P compared to 
pharmacological therapy2022



COMPANION Individual Patient Data Meta-analysis
& CARE-HF

Systolic BP

Sex

Aetiology

Therapy

Mortality HF Hospitalisation or Mortality 



Primary Composite 
(NEJM Main)

CARE-HF

All-Cause Mortality 
(EHJ extension)



QRS Morphology COMPANION/CARE-HF         QRS Duration



COMPANION  / CARE-HF
Individual Patient Data Meta-analysis

Eur J Heart Failure 2022

P = 0.13

P = 0.03

P = 0.15

P = 0.14

P = 0.04

P = 0.03



Cardiac Resynchronization Therapy for HFrEF

• Who has most to gain from CRT-P?

• Sinus Rhythm

• QRS >140 ms

• Systolic BP ≤120 mmHg

• Moderate Mitral Regurgitation
• Super-responders
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• 3,782 patients:

• QRS duration was the 
ONLY predictor of the 
effect of CRT on

• Death or HF Hosp
• Mortality

• Threshold ~130msec

Individual Patient Data Meta-Analyses
- predominantly CRT-D versus ICD



Individual Patient-Data Meta-analysis of Medtronic CRT Trials
Majority CRT-D versus ICD

Cleland et al Eur Heart J 2013



MADIT-CRT

LBBB Not LBBB RBBB IVCD

N= 1281 536 228 308

Age (yrs) 64 65 66 64

Women (%) 31 11 8 13

IHD (%) 44 80 87 77

MI (%) 32 70 76 66

QRS (msec) 163 146 153 142

Zareba Circulation 2011



MADIT-CRT

M/M
ICD

M/M
CRT-D

Death
ICD

Death
CRT-D

LBBB 32% of 520
= 166

16% of 761
= 122

7% of 520
= 36

8% of 761
= 61

RBBB 19% of 92
= 17

23% of 136
= 31

7% of 92
= 6

12% of 136
= 16

IVCD 23% of 117
= 27

33% of 191
= 63

4% of 117
= 5

15% of 191
= 29

Zareba et al Circ 2011



CRT IPD Meta-analysis

Subgroup Height (cm) 
Median 
(IQR)

Women 160 
(156 – 166)

Men: 
1st tercile

168 
(165 – 170)

Men: 
2nd tercile

175 
(173 – 177)

Men: 
3rd tercile

183 
(180 – 185)

Eur J Heart Fail. 2018 Apr;20(4):780-791. 

Short 
Men

Tall Men

Women

https://www.ncbi.nlm.nih.gov/pubmed/29314424


CRT-P compared to CRT-D

COMPANION



BRITISH

RESET-CRT



Cardiac Resynchronisation Therapy 
for patients with Atrial Fibrillation
Predominantly with reduced LVEF

Pulmonary Vein 
Ablation vs. OPT

Pulmonary Vein vs. 
AVN Node Ablation

AVN Ablation with
BiV-P vs. RV-Pacing

AVN Ablation + BiV-P 
vs. OPT

CASTLE-AF 
Subgroup (n = 100)

PABA-HF (n = 81) MUSTIC-AF (n = 37) APAF-CRT (n = 133)

CASTLE-HTx
Subgroup (n = 73)

PAVE (n = 184)

OPSITE (n = 56)
AVAIL (n = 108)
APAF (n = 186)



BIOPACE – RV v BiV-Pacing 
for patients with an indication for pacing 

n = 1,810

ClinicalTrials.gov Identifier: NCT00187278

RV Bi-V Hazard Ratio P-
value

Mortality 
(co-primary)

307 305 0.926 (0.789 to 1.009) 0.350

HFH or Death 
(co-primary)

346 363 0.878 (0.756 to 1.020) 0.088

CV Death 106 107 0.97   (0.74 to 1.27) 0.813
6MW Distance 371 371 No difference
Minnesota QoL 16 15 No difference
Infection 76 118 Excess with Bi-V pacing

LVEF ≤35%       152
LVEF 35-50%    419 
LVEF >50%      1239
AF                       450

Mean Follow-up 5.7 years

HFH or Death

LVEF Mean     40%
LVEF ≤35%      30%
LVEF >35-50%   70%
AF                     53%

BLOCK-HF

PROTECT-HF
Conduction System Pacing versus RV Pacing

For LVEF greater than 35%







Some Predictions
• CRT-P implant rates will overtake CRT-D

• ICD implantation rates will decline
• More Conduction System Pacing
• More Pulmonary Vein Ablation
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