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Magnitude of Benefit



Prevalence Of LBBB

Left Bundle Branch Block More Prevalent 
with Impaired LV Systolic Function

38%

24%

8%

Moderate/Severe
HF (2)

Impaired LVSF
(1)

Preserved LVSF
(1)



Adverse Cardiac Mechanical Consequences of 
Conduction Problems in Systolic Heart Failure



Prognosis  with  Ventricular 
Dyssynchrony

Long-term (45 Mo) Survival 

34%

49%

QRS < 
120 ms 

QRS > 
120 ms 

Iuliano et al. AHJ 2002;143:1085-91
N=669

P < 0.0011 Year Survival

11%

16%

QRS < 
120 ms 

QRS > 
120 ms 

P < 0.001

Baldasseroni S, et al. Eur Heart J 2002;23:1692-98 
N=5,517

Presenter
Presentation Notes
Key message:
A wide QRS is associated with a poor prognosis.
Additional information:
Baldasseroni: Study to determine whether LBBB associated w/ AF had independent, cumulative effect on mortality for CHF. Analysed 1-yr follow-up data for 5517 pts (63+12 yrs) from Italian Network on CHF (IN-CHF; 150 cardiology centers). Of these, 3328 (60.3%) had neither LBBB nor AF (group A), 1206 (2.9%) had isolated complete LBBB (group B), 798 (14.5%) had isolated chronic AF (group C), and 185 (3.3%) had complete LBBB associated w/ chronic AF (group D). Group D presented greater reduction in functional capacity (NYHA) and more significant clinical impairment (higher rate of pts w/ third heart sound, previous hospitalization for CHF, hypotension and cardiac enlargement). In Group D, cause of CHF was dilated cardiomyopathy (38.4%), ischaemic heart disease (35.1%), hypertensive heart disease (17.3%), and other aetiologies (9.2%). LBBB w/ AF (Group D) was associated w/ increased 1-yr mortality from any cause and sudden death and 1-yr hospitalization rate. Synergistic effect remained significant after adjusting for advanced HF clinical variables. LBBB w/ AF identifies CHF specific population w/ high risk of mortality.

Iuliano: 669 HF pts (ischemic or nonischemic cardiomyopathy, NYHA II-IV heart failure. Median followup of 45 mo. Prolonged QRS was associated w/ increase in mortality (49.3% vs 34.0%) and sudden death (24.8% vs 17.4%). LBBB was associated w/ worse survival but not sudden death.



Achieving Cardiac 
Resynchronization

Goal: Atrial synchronous 
biventricular pacing

Transvenous approach for left 
ventricular lead via coronary 
sinus

Back-up epicardial approach

Doug Smith:

Right Atrial
Lead

Right Ventricular
Lead

Left Ventricular
Lead

Presenter
Presentation Notes
Main purpose: Illustrate for referral clinicians how the leads are placed to achieve cardiac resynchronization. Many outside the implant world may not be entirely aware of how the device is placed.
Key messages:
 The implant procedure, while typically of longer duration, is similar to that of a standard pacemaker or implantable defibrillator implantation. 
 A key difference is the placement of a left ventricular lead via the coronary sinus opening.
 Coronary venous anatomy varies significantly between patients. In a small percentage of cases it may not be possible to place the left ventricular lead transvenously. Some centers are opting for an epicardial approach if the transvenous approach is unsuccessful.
Additional information:
Standard pacing leads are placed in the right atrium and right ventricle. The LV lead is placed via the coronary sinus in a cardiac vein, preferably a lateral or postero-lateral vein in the mid part of the LV. The successful deployment of this lead to physician-guided development of left-heart delivery systems, and new LV leads to meet varying patient 



Courtesy of A. Auricchio, MD, University of Magdeburg, Germany.

EASYTRAK lead system



CRT Effect on LV Structure at 6 Months 
in Moderate to Severe Heart Failure
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CRT Improves Exercise Capacity in 
Moderate to Severe Heart Failure
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Presenter
Presentation Notes
Main purpose: Show concordance of proof from randomized controlled trials that CRT improves exercise capacity.
Key messages:
 From the graph on top, 3 of the 4  randomized trials showed that CRT improves this measure of sub-maximal exercise capacity.
 All studies showed that CRT improves peak VO2, regarded as a more objective measure of exercise and functional capacity, compared to control. 
Additional information:
The authors of the MIRACLE ICD paper make the following comment on the discrepancy in the 6 minute walk test:
“However, the absence of a positive treatment effect on the 6-MW contrasts with these earlier trials, and with the improvements observed in this study with the more objective measurements of peak oxygen consumption and treadmill exercise duration. Whether these discrepancies are due to differences between patient populations, or to the different timing of the 6-MW test (performed before instead of after CRT system implantation) remains uncertain.”



CRT Improves Quality of Life & 
Functional  Capacity in Moderate to 
Severe Heart Failure
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Presenter
Presentation Notes
Main purpose: Show concordance of proof from randomized controlled trials that CRT improves quality of life and functional status.
Key messages:
 Results from blinded studies that  randomized 1,000 NYHA Class III/IV heart failure patients with a wide QRS show that CRT dramatically improves patients’ perceived quality of life and the clinicians’ assessment of functional status.
 The so-called placebo effect was expected. These studies were designed to assess whether there was a treatment effect, and all consistently demonstrated a positive effect.



COMPANION: Key Eligibility Criteria

• NYHA Class III or IV

• NSR, QRS ≥120 ms, PR interval >150ms 

• LVEF ≤35%, LVEDD ≥60 mm

• Optimal pharmacological therapy
– Beta blocker (for at least 3 months)
– Diuretic, ACEI/ARB, spironolactone (1 month); +/-

digoxin

• Hx of HF hospitalization (or Rx equivalent) 
<12 months, >1 month prior to enrollment

• No bradycardiac or tachyarrhythmic device indication at 
the time of enrollment



COMPANION: Endpoints
• Primary Endpoint: 

– Composite of time to first all-cause 
mortality or all-cause hospitalization 
analyzed from randomization

• Hospital emergency or outpatient 
(unscheduled) administration of IV inotropes or 
vasoactive drugs for more than 4 hours were 
considered a hospitalization primary endpoint



Patient
Enrollment

Baseline
Testing Randomize

OPT 
Alone 

OPT +
CRT

OPT +
CRT-D

1

2

2

−Optimal Pharmacological 
Therapy (OPT)

−OPT + CRT
(CONTAK TR®/EASYTRAK®

−OPT + CRT + ICD
(CONTAK CD ®/EASYTRAK®

COMPANION (COmparison of Medical 
Therapy, Pacing, ANd DefibrillatION in Heart 

Failure):
Study Design

Patients randomized 1:2:2 to 
the following three arms:

Randomization stratifications: 
by site, +/- β-blocker therapy

Target Time to Implant ≤2 days from randomization



COMPANION: Selected Baseline 
Characteristics (total randomized n = 1520)

Parameter OPT
n = 308

CRT
n = 617

CRT-D
n = 595

p values, 
OPT/CRT, 

OPT/CRT-D 
Age (years) 68 67 66 0.12, 0.14 

Male gender (%) 69 67 67 0.70, 0.73

NYHA Class III (%) 82 87 86 0.05, 0.12

Duration of HF (Yrs) 3.6 3.7 3.5 0.88, 0.43

LVEF (%) 22 20 22 0.08, 0.47

QRS duration (ms) 158 160 160 0.17, 0.10

Ischemic CMY (%) 59 54 55 0.14, 0.23

LBBB (%) 70 69 73 0.84, 0.32

RBBB (%) 9 12 10 0.10, 0.48

ACEI (%) 
(or ARB)

69
(89)

70
(89)

69
(90)

0.75. 0.90
(0.93, 0.66)

Beta Blocker (%) 66 68 68 0.54, 0.68

Spironolactone (%) 55 53 55 0.69, 0.94



COMPANION: Primary Endpoint



COMPANION: Secondary Endpoint of 
All-Cause Mortality



Different Math

• At 2 years 77 of 308 patients on OPT 
died(25%) , 105 of 595 patients with CRT-
D died (17.6% )

• Absolute reduction in mortality of 7.4% or 
3.7%/year

• 60 % of patients improved one NYHA 
category



CONCLUSIONS

When added to optimal pharmacological therapy in
patients with moderate-severe LV dysfunction, NYHA
Class III or IV symptoms and QRS lengthening:  

• CRT or CRT-D reduces mortality + hospitalizations 

• CRT-D reduces mortality
− 2/3 of the effect size can be attributed to CRT 



CCS Guidelines 2017



CCS Guidelines 2017



CCS Guidelines



Conclusions

• Cardiac resynchronization therapy reduces 
hospitalizations and mortality in selected 
heart failure patients

• CRT-P is very likely close to CRT-D in 
effectiveness

• Symptomatic response rates are 
approximately 70 % across all the trials
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