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Cardiac Resynchronization Therapy
Cardiac resynchronization therapy (CRT) is an

established treatment in symptomatic HF patients 
with reduced left ventricular EF and

left bundle branch block (LBBB)  

Lancet 2011; 378: 722–30



Cardiac Resynchronization Therapy

Science Translational Medicine/AAAS.
Johns Hopkins Institute for Computational Medicine

LBBB CRT

 Functional outcome
Cazeau S et al. NEJM 2001; 344:873-80

 Survival outcome
Cleland J et al. NEJM 2005; 352:1539-49

Evidence based GL
ESC HF GL EHJ 2012; 33:1787-847
ESC Pacing/CRT GL EHJ 2013; 34:2281-329



CRT Implementation in Europe
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CRT Implantation - Trend
Units per million inhabitants

CRT in 2011 Implantation
Units per million inhabitants

CRT constitutes ≈ 15% of all cardiac rhythm device implantations in EU



Adapted from Steffel J, Ruschitzka F Circulation 2014; 130:87-90

Possible Clinical Courses After CRT
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Avoiding Non-responders to CRT

1. Careful patient selection

3. Optimize device programming

2. Optimize pacing delivery



When should we consider CRT?
Reduced

LVEF (≤40%) +
Symptoms/signs

 ACE-I/ARBs or  ARNI
 β-blockers
 Diuretics

 Mineralcorticoid  antag.
 Ivabradine
 Digoxin
 Hydralazine / ISDN
 Devices (ICD, CRT)
 VAD / Transplantation

Eur Heart J 2012; 33;1787–1847

Reduced
LVEF (≤35%) +

Symptoms/signs



Most indicated patients do not receive CRT

IMPROVE-HF Registry
15381 outpatients pts with HF 

36%
Diagnosed as
non-elegible

55%
NYHA class and/or
QRS not collected

by physician

9% Diagnosed
as elegible

61%
Not referred

for CRT

39%
Receive

CRT

Dickstein K  HFA ESC 2012

Eligibility for CRT



Awarness gap in CRT indications

Hubinette et al. Europace 2014; 16;1580–1586

Survey among 519 Swedish Physicians
168 (37%) Responders

In 45% of cases, referall for CRT was denied because of unawareness



2013 ESC GL on Pacing and CRT
Patients in Sinus Rhythm

Eur Heart J 2013; 34;2281–2329



Different Patterns of CRT Candidates



Optimal Medical Therapy (OMT) 
among CRT-D Candidates

Schneider PM et al. Am J Cardiol 2014; 113;2052–2056

45392 Patients in the NCDR Registry
undergoing CRT-D implantation between 2006-2008

Description N (%)
Beta-blocker 39190 (87.4%)

Agiotensing converting enzyme inhibitor (ACE-I) 28029 (64.2%)

Angiotensin II receptor inhibitor (ARB) 8270 (18.6%)

Beta-blocker + ACE-I / ARB 31090 (70.3%)



Treatment with Higher Doses of EBM 
Therapy and CRT Outcome 

Schmidt S et al. Eur Heart J 2014; 35;1051–1060
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P=0.006
P=0.007

P=0.16

All-cause death / Transpl. / LVAD HR (95% CI) P-value
ACE-I / ARB 0.980 (0.969-0.992) 0.001
Beta-blocker 0.982 (0.971-0.994) 0.003
Loop diuretics 1.023 (1.005-1.041) 0.014
Adjusted for: QRS duration, bundle branch block, LVEF at baseline, Δ LVEF at follow-up, medications

N = 185
FU: 45 m



Different Patterns of CRT Candidates



HF Population by NYHA Class

35%

35%

25% 5%
NYHA III

NYHA IV

NYHA II

NYHA I

NYHA III or IV Ambulatory

NYHA I or II (≈70%)



How Long Should We Wait Before CRT?

NYHA I-II NYHA III-IV

CRT in NYHA Class II Acts by Limiting Progression of HF Syndrome



CRT in Mild Heart Failure – Meta-analysis
All-cause mortality

HF Hospitalization

Al-Majed et a. Ann Intern Med 2011; 154: 401-412 

17% RRR

29% RRR



Different Patterns of CRT Candidates



Vassallo JA et al. Circulation 1984; 69: 914-923

Electrical Activation in Left Bundle Branch Block
Single LV 
breaktrough point 67%

Dual LV 
breaktrough point 33%

Mid septum: 9/12
Apex: 3/12

Mid septum: 5/6
Apex: 1/6

Basal anter free wall: 3/6
Apex: 2/6

Sup base: 1/6

RAO 90° LAO 60° LAO 90°

In pts with LBBB there is significant delay between activation of the
interventricular septum and activation of the left ventricular free wall

Prinzen FW, Auricchio A Circ Cardiovasc Imaging 2008; 1: 70-78



LBBB Is the Primary Target of CRT

1. Right atrial lead

2. Right ventricular lead

3. Left ventricular lead
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Is this Left Bundle Branch Block?
QRS Duration ≈ 120 msec

Left ventricular hypertrophy with left anterior hemiblock No LBBB



Is this Left Bundle Branch Block?
QRS Duration = 140 msec

Complete left bundle branch block True LBBB



Redefining LBBB in the Era of CRT

QRSd ≥ 120 msec

QS or rS pattern in V1

Absent Q waves in I, V5-V6

Monophasic R
wave in I and V6

ID ≥ 60 msec

Mid QRS notching in
≥2 V5-V6, I or aVL

Conventional criteria
Wagner GS. Marriott’s
Practical Electrocardiography
Lippincott Williams & Wilkins 2008

ESC/AHA criteria
Surawicz et al.
JACC 2009; 53:976-981

Strauss criteria
Strauss et al.
Am J Cardiol 2011; 107: 927-934

Notched R wave in 
I, aVL, V5 or V6

Mid QRS notching in
Q or S wave nadir V1-V2



True LBBB

Non-True LBBB

Non-specific IVCD

N=22

N=17

N=19
Tian Y et al. 
Europace 2013; 15: 1499-1506 



Tian Y et al. Europace 2013; 15: 1499-1506 

Walking Distance (m) LVEF % 



Is the Effect of CRT similar in patients 
with wide QRS and non-LBBB pattern?

LBBB RBBB

=



Non-left Bundle Branch Block and CRT

Zareba W et al. Circulation 2011; 123: 1061-1072

MADIT-CRT 1817 pts NYHA I-II, QRS≥130 msec, LVEF≤30%
= 1281

= 228 = 308

= 536



Non-LBBB and CRT – Meta-analysis

Sipahi I et al. Am Heart J 2012;163:260-267

LBBB
N=3947

RBBB
or

IVCD
N=1232

Total N=5356;  3009 CRT vs. 2347 controls



Different Patterns of CRT Candidates



QRS Width and Response to CRT

QRS duration is a simple and intuitive variable to 
guide patient selection and CRT optimization 

Potential causes of QRS prolongation

Relative Electrical 
Activation of 

Disparate Sites

His Purkinjie
System Disease

Intramyocardial 
Conduction Delay



QRS ≥ 150 msec

QRS < 150 msec

Sipahi I et al. Arch Intern Med 2011; 171: 1454-1462 



Cleland J et al. Eur Heart J 2013; 34: 3547-3556

QRS Duration and Outcome After CRT

All-cause 
Mortality

Composite 
Mortality/HF

Line of neutrality

Line of neutrality

Yes

Yes

No

No



Different Patterns of CRT Candidates



Women in CRT Studies

Women are underrepresented in CRT studies (24% of CRT in EU)

Dickstein K. et al. Eur Heart J 2009; 30: 2450-2460

Trials Real World



MADIT-CRT – Outcome Men vs. Women

Women in MADIT-CRT obtained greater reduction in death and HF

Arshad et al. JACC 2011; 57: 813-20

MADIT-CRT 1817 pts NYHA I-II, QRS≥130 msec, LVEF≤30%

= 453 = 1367
HR = 0.28 (0.10-0.79) HR = 1.05 (0.70-1.57)



Sex Differences in QRS Duration

Women have smaller hearts and narrower QRS 
duration vs. men 

(≈10 msec difference in normal heart)

Macfarlane PW et al. J Electrocardiol 1994; 27 Suppl 14-9



Electrical Dyssynchrony in Women

Strauss D et al. Circ Arrhythmia Electrophysiol. 2008;1:327-336

“True LBBB” and dyssynchrony appear at 
narrower QRS duration in women



Gender Specific CRT Indications?

LBBB Definition in Men vs. Women

Strauss D et al. Am J Cardiol 2011; 107: 927-934



Different Patterns of CRT Candidates



 ≈ 50% of CRT candidates have ischaemic CMP

CRT and Heart Failure Aetiology 

 CRT response (particularly echo) less positive 
in ischaemic vs. non-ischaemic CMP

Pts with Ischaemic CMP
- Older
- Lower LVEF
- More comorbidites
- Lower prevalence of LBBB

Pts with Non- ischaemic CMP
- More frequently female
- More often OMT
- Greater QRS duration
- Higher prevalence of LBBB



MADIT-CRT 
CMP Aetiology and CRT Response

Barsheshet A. et al. Eur Heart J 2011; 32: 1622-1630

N=774   vs.   N=1046 



Non ischaemic CMP

Ischaemic CMP

Barsheshet A. et al. Eur Heart J 2011; 32: 1622-1630

MADIT-CRT 
CMP Aetiology and CRT Outcome

Patients with “true” electrical substrate can 
benefit from CRT regardless of HF aetiology



Bleeker GB et al. Circulation 2006; 113:969-76

Localization and Magnitude of Scar

Viability of paced LV segment influences outcome 
(pacing scar = worse response)

Leyva F. et al. J Cardiovasc Magn Reson 2011; 13:29

N=350

N=43

N=166



Different Patterns of CRT Candidates



CRT in Atrial Fibrillation

 Atrial fibrillation (AF) occurs in ≈ 30% of HF pts

 CRT should be considered only in pts with 
permanent or long-standing persistent AF

 Pts with AF represent ≈ 30% of CRT candidates



CRT in Atrial Fibrillation

CRT 
during AF

Can only correct VV 
and intraventricular 

dyssynchrony

CRT delivery hampered 
by ↑ intrinsic ventricular 

rates and irregularity



Importance of Biventricular Pacing %

Hayes D. et al. Heart Rhythm 2011; 8:1469-1475

36,935 pts  Followed-up in a Remote-monitoring Network

M
or

ta
lit

y

AFib
BiVp ≥98.5%

BiVp <98.5%

Every effort should be made to ↓ native AV conduction 
in an attempt to achieve BiV pacing close to 100%



Evidence for CRT in pts with AFib

Gasparini M. et al. JACC Heart Fail 2013; 1:500-7.

Certify Multinational Registry – Median FU 37 months

CRT Pts
N=7384

Permanent AF Pts
N=1338

Sinus Rhythm Pts
N=6046

Pharmacological
Rate Control

N=895

AV Junction 
Ablation
N=443



Evidence for CRT in pts with AFib

Gasparini M. et al. JACC Heart Fail 2013; 1:500-7.

Pts receiving AV junction ablation had risk of total and 
cardiac mortality comparable to those in sinus rhythm

Total mortality rates per 100 pys

Sinus Rhythm 6.1

AV junction ablation 6.8

Pharmacological rate control 11.3

Cardiac mortality rates per 100 pys

Sinus Rhythm 4.0

AV junction ablation 4.2

Pharmacological rate control 8.1



2013 ESC GL on Pacing and CRT
Pts with Permanent Atrial Fibrillation

Eur Heart J 2013; 34;2281–2329



CRT in Atrial Fibrillation

Pharmacological
Rate control

Adapted from Eur Heart J 2013; 34;2281–2329



Different Patterns of CRT Candidates



Take Home Messages

CRT has been proven effective in improving 
functional capacity, reducing hospitalizations and 

prolonging survival of patients with HF:

 On top of optimal medical treatment

 Experiencing mild to moderate symptoms

 With documented LVEF reduction (≤35%)

 With left bundle branch block and/or wide QRS

 In sinus rhythm



Take Home Messages

The use of CRT in patients with atrial fibrillation is 
reasonable but randomized data are lacking

Currently no room for CRT in patients experiencing 
HF symptoms with QRS<120 msec



Thank you for your attention!



Different Patterns of CRT Candidates



Non-responders Rate According to Measure of Response

Daubert JC et al. Europace 2012; 14: 1236-1286

CRT Non-responder
15% to 45%

Measure of response
HF severity (NYHA class I-II vs. NYHA class III-IV)
Duration of follow-up
More recent vs. older studies and technology



Optimal Medical Therapy (OMT) 
among CRT-D Candidates

Schneider PM et al. Am J Cardiol 2014; 113;2052–2056

45392 Patients in the NCDR Registry
undergoing CRT-D implantation between 2006-2008

Description N (%)
Beta-blocker 39190 (87.4%)

Agiotensing converting enzyme inhibitor (ACE-I) 28029 (64.2%)

Angiotensin II receptor inhibitor (ARB) 8270 (18.6%)

Beta-blocker + ACE-I / ARB 31090 (70.3%)

Patients receiving OMT  + class I CRT indication 22276 (50.3%)



Fallacy of NYHA Functional Classification

Raphael C et al .Heart 2007; 93:476-482

Only 54% of concordance between cardiologists in NYHA assessment



HF Population by NYHA Class

35%

35%

25% 5%
NYHA III

NYHA IV

NYHA II

NYHA I

NYHA III or IV Ambulatory



Is this Left Bundle Branch Block?
QRS Duration = 140 msec

Complete left bundle branch block True LBBB



Tian Y et al. Europace 2013; 15: 1499-1506 

NYHA Class Walking Distance (m)



Tian Y et al. Europace 2013; 15: 1499-1506 

LVEF % LVED Diameter (mm)



QRS Width and Response to CRT

QRS duration is a simple and intuitive variable to 
guide patient selection and CRT optimization 

Potential causes of QRS prolongation

Relative Electrical 
Activation of 

Disparate Sites

His Purkinjie
System Disease

Intramyocardial 
Conduction Delay

Major increase in QRS duration is
associated with significant electropathy



CRT and Outcome According to QRS 
Morphology in Real World

Peterson PN et al. JAMA 2013; 310:617-626

Medicare National CV
Data ICD Registry

CRT-D n=24169
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Non-LBBB with Prolonged PR and CRT



Kutyifa et al. Circ Arrhythm Electrophysiol 2014; 7:645-651

PR ≥230 msec PR <230 msec

HR=0.27, CI: 0.13-0.57,. p<0.001 HR=1.45, CI: 0.95-2.19, p=0.078

Interaction p-value <0.001



Kutyifa et al. Circ Arrhythm Electrophysiol 2014; 7:645-651



Narrow QRS and Mechanical Dyssynchrony 

+
Echocardiography guided

Cardiac Resynchronization Therapy

809 Patients
CHF, NYHA III-IV, under OMT
LVEF ≤35%, LVEDD ≥55 mm
QRS <130 msec + Echo dyssynchrony

ICD
405

CRT-D
404

R

Ruschitzka F et al. NEJM 2013; 369:1395-405.



HR 1.20
(95% CI 0.92–1.57)

HF Hospitalization/All-cause mortality

Ruschitzka F et al. NEJM 2013; 369:1395-405.



NEJM 2013; 369: 1463-1464



As compared with men, women:
1. Lower prevalence of coronary artery disease

2. Higher prevalence of coronary μ-vascular dysfx

3. More likely to have HF with preserved LVEF

4. Higher prevalence of stress induced CMP

5. Greater susceptibility to QT prolonging drugs

Differences between Men and Women 
in Cardiovascular Medicine



HR 0.74 (95% CI 0.71-0.77)

Loring Z et al. JACC Heart Fail 2013;1:237–44

HR 0.85 (95% CI 0.83-0.87)



Evidence for CRT in pts with AFib



CRT in Atrial Fibrillation

Pharmacological
Rate control

Adapted from Eur Heart J 2013; 34;2281–2329



Upgrading or de novo CRT in pts with 
conventional PM indication and HF

Eur Heart J 2013; 34;2281–2329



Dyssynchrony during RV pacing
INTERVENTRICULAR

DYSSYNCHRONY
INTRAVENTRICULAR

DYSSYNCHRONY

JACC 2009; 54: 764-776



Detrimental effects of chronic RV pacing

RV Pacing

Altered ventricular activation

Delayed papillary
muscle contraction

Mitral regurgitation

LA/LV Remodelling

Delayed LV contraction

LV-RV asynchrony

↓ LV diastolic filling

Abnormal septal motion

↓ Septal contraction

↓ Global EF

Adapted from Curtis et al. US Cardiology 2008


