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Scope of presentation

• Natural history of heart failure

• Primary and secondary prevention

• ICD and its indication

• CRT and its indication
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MERIT-HF Study Group.  Effect of Metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL randomized intervention trial 
in congestive heart failure (MERIT-HF).   LANCET.  1999;353:2001-07.  
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Etiology of Heart Failure
– Ischemic Heart Disease 

– Hypertension 

– Idiopathic Cardiomyopathy

– Infections (e.g., viral myocarditis)

– Toxins (e.g., alcohol or cytotoxic drugs,thyroid) 

– Valvular Disease 

– Prolonged Arrhythmias 4
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A 65 year old with ischemic cardiomyopathy and LVEF of 
25% ,FcIII and on optimal  medical therapy for 1 year.
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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, Opasich C, Gorini M, et al. Am Heart J 2002;143:398-405
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Wide QRS – Proportional 
Mortality Increase

•NYHA Class II-IV patients
•3,654 ECGs digitally scanned
•Age, creatinine, LVEF, 

heart rate, and QRS duration 
found to be independent 
predictors 
of mortality

•Relative risk of widest 
QRS group 5x greater 
than narrowest

1 Gottipaty V, Krelis S, Lu F, et al. JACC 1999;33(2) :145 [Abstr847-4].

Vesnarinone Study1

(VEST study analysis)
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Current Guidelines

• HFSA

• ACCF/AHA/HRS

• ESC/EHRA 2015
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Class I recommendation

Prinzen et al  State-of-the-Art of Cardiac Resynchronization Therapy  2409

Table.  Overview of Clinical Practice Recommendations to CRT in Different Patient Categories Issued by the Heart Failure Society 
of America (HFSA), Jointly by American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society  
(ACCF/AHA/HRS), and the European Society of Cardiology (ESC) in Collaboration With the European Heart Rhythm Association (EHRA)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/EHRA)

Level of Evidence A

NYHA II – III
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Not due to RBBB

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/HFA)

Level of Evidence B

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 LBBB

NYHA III, and ambulatory NYHA IV
 LVEF≤35%
 Upgrade from IPG or ICD
  High percentage of 

ventricular pacing

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence A

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB morphology

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence B

NYHA II - ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythmQRS 120–149 ms

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Atrial fibrillation
  Requires ventricular pacing 

or after AV nodal ablation 
or pharmacological rate will 
allow near 100% pacing

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB

NYHA II, III, and NYHA IV
 LVEF≤35%
 Permanent atrial fibrillation
 Intrinsic QRS ≥120ms
  A BiV pacing as close to 100% 

as possible shall be achieved;  
AV junction ablation should be 
added in case of incomplete 
BiV pacing

No NYHA class specification
 LVEF≤35%
  Any underlying rhythm
  Indication to IPG or ICD,  

and high percentage of ventricular  
pacing expected

No NYHA class specification
 LVEF≤35%
 Permanent atrial fibrillation
 Uncontrolled heart rate
 Planned AV junction ablation

CLASS IIa:
Treatment is reasonable to be  
performed (ACC/AHA/HRS) or  
should be considered (ESC)

Level of Evidence C

NYHA III and ambulatory NYHA IV
  Indication for conventional 

pacing and anticipated 
significant (>40%)  
ventricular pacing

(Continued)

 by JENNIFER ADGEY on February 21, 2014http://circ.ahajournals.org/Downloaded from 
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Class I recommendation

Prinzen et al  State-of-the-Art of Cardiac Resynchronization Therapy  2409

Table.  Overview of Clinical Practice Recommendations to CRT in Different Patient Categories Issued by the Heart Failure Society 
of America (HFSA), Jointly by American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society  
(ACCF/AHA/HRS), and the European Society of Cardiology (ESC) in Collaboration With the European Heart Rhythm Association (EHRA)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/EHRA)

Level of Evidence A

NYHA II – III
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Not due to RBBB

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/HFA)

Level of Evidence B

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 LBBB

NYHA III, and ambulatory NYHA IV
 LVEF≤35%
 Upgrade from IPG or ICD
  High percentage of 

ventricular pacing

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence A

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB morphology

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence B

NYHA II - ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythmQRS 120–149 ms

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Atrial fibrillation
  Requires ventricular pacing 

or after AV nodal ablation 
or pharmacological rate will 
allow near 100% pacing

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB

NYHA II, III, and NYHA IV
 LVEF≤35%
 Permanent atrial fibrillation
 Intrinsic QRS ≥120ms
  A BiV pacing as close to 100% 

as possible shall be achieved;  
AV junction ablation should be 
added in case of incomplete 
BiV pacing

No NYHA class specification
 LVEF≤35%
  Any underlying rhythm
  Indication to IPG or ICD,  

and high percentage of ventricular  
pacing expected

No NYHA class specification
 LVEF≤35%
 Permanent atrial fibrillation
 Uncontrolled heart rate
 Planned AV junction ablation

CLASS IIa:
Treatment is reasonable to be  
performed (ACC/AHA/HRS) or  
should be considered (ESC)

Level of Evidence C

NYHA III and ambulatory NYHA IV
  Indication for conventional 

pacing and anticipated 
significant (>40%)  
ventricular pacing

(Continued)
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Class I recommendation

Prinzen et al  State-of-the-Art of Cardiac Resynchronization Therapy  2409

Table.  Overview of Clinical Practice Recommendations to CRT in Different Patient Categories Issued by the Heart Failure Society 
of America (HFSA), Jointly by American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society  
(ACCF/AHA/HRS), and the European Society of Cardiology (ESC) in Collaboration With the European Heart Rhythm Association (EHRA)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/EHRA)

Level of Evidence A

NYHA II – III
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Not due to RBBB

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/HFA)

Level of Evidence B

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 LBBB

NYHA III, and ambulatory NYHA IV
 LVEF≤35%
 Upgrade from IPG or ICD
  High percentage of 

ventricular pacing

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence A

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB morphology

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence B

NYHA II - ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythmQRS 120–149 ms

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Atrial fibrillation
  Requires ventricular pacing 

or after AV nodal ablation 
or pharmacological rate will 
allow near 100% pacing

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB

NYHA II, III, and NYHA IV
 LVEF≤35%
 Permanent atrial fibrillation
 Intrinsic QRS ≥120ms
  A BiV pacing as close to 100% 

as possible shall be achieved;  
AV junction ablation should be 
added in case of incomplete 
BiV pacing

No NYHA class specification
 LVEF≤35%
  Any underlying rhythm
  Indication to IPG or ICD,  

and high percentage of ventricular  
pacing expected

No NYHA class specification
 LVEF≤35%
 Permanent atrial fibrillation
 Uncontrolled heart rate
 Planned AV junction ablation

CLASS IIa:
Treatment is reasonable to be  
performed (ACC/AHA/HRS) or  
should be considered (ESC)

Level of Evidence C

NYHA III and ambulatory NYHA IV
  Indication for conventional 

pacing and anticipated 
significant (>40%)  
ventricular pacing

(Continued)
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Class IIa recommendation

Prinzen et al  State-of-the-Art of Cardiac Resynchronization Therapy  2409

Table.  Overview of Clinical Practice Recommendations to CRT in Different Patient Categories Issued by the Heart Failure Society 
of America (HFSA), Jointly by American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society  
(ACCF/AHA/HRS), and the European Society of Cardiology (ESC) in Collaboration With the European Heart Rhythm Association (EHRA)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/EHRA)

Level of Evidence A

NYHA II – III
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Not due to RBBB

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/HFA)

Level of Evidence B

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 LBBB

NYHA III, and ambulatory NYHA IV
 LVEF≤35%
 Upgrade from IPG or ICD
  High percentage of 

ventricular pacing

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence A

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB morphology

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence B

NYHA II - ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythmQRS 120–149 ms

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Atrial fibrillation
  Requires ventricular pacing 

or after AV nodal ablation 
or pharmacological rate will 
allow near 100% pacing

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB

NYHA II, III, and NYHA IV
 LVEF≤35%
 Permanent atrial fibrillation
 Intrinsic QRS ≥120ms
  A BiV pacing as close to 100% 

as possible shall be achieved;  
AV junction ablation should be 
added in case of incomplete 
BiV pacing

No NYHA class specification
 LVEF≤35%
  Any underlying rhythm
  Indication to IPG or ICD,  

and high percentage of ventricular  
pacing expected

No NYHA class specification
 LVEF≤35%
 Permanent atrial fibrillation
 Uncontrolled heart rate
 Planned AV junction ablation

CLASS IIa:
Treatment is reasonable to be  
performed (ACC/AHA/HRS) or  
should be considered (ESC)

Level of Evidence C

NYHA III and ambulatory NYHA IV
  Indication for conventional 

pacing and anticipated 
significant (>40%)  
ventricular pacing

(Continued)

 by JENNIFER ADGEY on February 21, 2014http://circ.ahajournals.org/Downloaded from 

Prinzen et al  State-of-the-Art of Cardiac Resynchronization Therapy  2409

Table.  Overview of Clinical Practice Recommendations to CRT in Different Patient Categories Issued by the Heart Failure Society 
of America (HFSA), Jointly by American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society  
(ACCF/AHA/HRS), and the European Society of Cardiology (ESC) in Collaboration With the European Heart Rhythm Association (EHRA)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/EHRA)

Level of Evidence A

NYHA II – III
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Not due to RBBB

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/HFA)

Level of Evidence B

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 LBBB

NYHA III, and ambulatory NYHA IV
 LVEF≤35%
 Upgrade from IPG or ICD
  High percentage of 

ventricular pacing

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence A

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB morphology

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence B

NYHA II - ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythmQRS 120–149 ms

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Atrial fibrillation
  Requires ventricular pacing 

or after AV nodal ablation 
or pharmacological rate will 
allow near 100% pacing

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB

NYHA II, III, and NYHA IV
 LVEF≤35%
 Permanent atrial fibrillation
 Intrinsic QRS ≥120ms
  A BiV pacing as close to 100% 

as possible shall be achieved;  
AV junction ablation should be 
added in case of incomplete 
BiV pacing

No NYHA class specification
 LVEF≤35%
  Any underlying rhythm
  Indication to IPG or ICD,  

and high percentage of ventricular  
pacing expected

No NYHA class specification
 LVEF≤35%
 Permanent atrial fibrillation
 Uncontrolled heart rate
 Planned AV junction ablation

CLASS IIa:
Treatment is reasonable to be  
performed (ACC/AHA/HRS) or  
should be considered (ESC)

Level of Evidence C

NYHA III and ambulatory NYHA IV
  Indication for conventional 

pacing and anticipated 
significant (>40%)  
ventricular pacing

(Continued)
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Class IIa recommendation

Prinzen et al  State-of-the-Art of Cardiac Resynchronization Therapy  2409

Table.  Overview of Clinical Practice Recommendations to CRT in Different Patient Categories Issued by the Heart Failure Society 
of America (HFSA), Jointly by American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society  
(ACCF/AHA/HRS), and the European Society of Cardiology (ESC) in Collaboration With the European Heart Rhythm Association (EHRA)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/EHRA)

Level of Evidence A

NYHA II – III
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Not due to RBBB

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/HFA)

Level of Evidence B

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 LBBB

NYHA III, and ambulatory NYHA IV
 LVEF≤35%
 Upgrade from IPG or ICD
  High percentage of 

ventricular pacing

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence A

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB morphology

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence B

NYHA II - ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythmQRS 120–149 ms

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Atrial fibrillation
  Requires ventricular pacing 

or after AV nodal ablation 
or pharmacological rate will 
allow near 100% pacing

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB

NYHA II, III, and NYHA IV
 LVEF≤35%
 Permanent atrial fibrillation
 Intrinsic QRS ≥120ms
  A BiV pacing as close to 100% 

as possible shall be achieved;  
AV junction ablation should be 
added in case of incomplete 
BiV pacing

No NYHA class specification
 LVEF≤35%
  Any underlying rhythm
  Indication to IPG or ICD,  

and high percentage of ventricular  
pacing expected

No NYHA class specification
 LVEF≤35%
 Permanent atrial fibrillation
 Uncontrolled heart rate
 Planned AV junction ablation

CLASS IIa:
Treatment is reasonable to be  
performed (ACC/AHA/HRS) or  
should be considered (ESC)

Level of Evidence C

NYHA III and ambulatory NYHA IV
  Indication for conventional 

pacing and anticipated 
significant (>40%)  
ventricular pacing

(Continued)
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Prinzen et al  State-of-the-Art of Cardiac Resynchronization Therapy  2409

Table.  Overview of Clinical Practice Recommendations to CRT in Different Patient Categories Issued by the Heart Failure Society 
of America (HFSA), Jointly by American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society  
(ACCF/AHA/HRS), and the European Society of Cardiology (ESC) in Collaboration With the European Heart Rhythm Association (EHRA)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/EHRA)

Level of Evidence A

NYHA II – III
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Not due to RBBB

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

CLASS I:
Treatment should be performed  
(ACCF/AHA/HS) or is recommended  
(ESC/HFA)

Level of Evidence B

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 LBBB

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 LBBB

NYHA III, and ambulatory NYHA IV
 LVEF≤35%
 Upgrade from IPG or ICD
  High percentage of 

ventricular pacing

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence A

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB morphology

CLASS IIa:
Treatment is reasonable to be performed 
(ACC/AHA/HRS) or should be considered 
(ESC/HFA)

Level of Evidence B

NYHA II - ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythmQRS 120–149 ms

NYHA III and ambulatory NYHA IV
 LVEF≤35%
 Atrial fibrillation
  Requires ventricular pacing 

or after AV nodal ablation 
or pharmacological rate will 
allow near 100% pacing

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS≥150ms
 Non-LBBB

NYHA II, III, and NYHA IV
 LVEF≤35%
 Permanent atrial fibrillation
 Intrinsic QRS ≥120ms
  A BiV pacing as close to 100% 

as possible shall be achieved;  
AV junction ablation should be 
added in case of incomplete 
BiV pacing

No NYHA class specification
 LVEF≤35%
  Any underlying rhythm
  Indication to IPG or ICD,  

and high percentage of ventricular  
pacing expected

No NYHA class specification
 LVEF≤35%
 Permanent atrial fibrillation
 Uncontrolled heart rate
 Planned AV junction ablation

CLASS IIa:
Treatment is reasonable to be  
performed (ACC/AHA/HRS) or  
should be considered (ESC)

Level of Evidence C

NYHA III and ambulatory NYHA IV
  Indication for conventional 

pacing and anticipated 
significant (>40%)  
ventricular pacing

(Continued)
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Class IIb recommendation2410  Circulation  November 26, 2013

benefit on hospitalization. Moreover, final analysis showed a 
significantly increased all-cause and cardiovascular mortality 
in the CRT arm (Figure 2).

Therefore, together these randomized trials consistently 
argue against the application of CRT in patients with narrow 
QRS complex, even if mechanical dyssynchrony is present. 
Moreover, these results illustrate that if CRT has no benefit, it 
may even harm some patients. This view is clearly expressed 
in the 2013 European Society of Cardiology guidelines, which 
are currently not recommending the use of CRT in patients 
with QRS duration of <120 ms.23

Overview of Current Guidelines 
and Recommendations

The main results of the abovementioned large trials have 
prompted the international scientific societies to update their 
clinical recommendations to CRT. Common to all clinical 
practice guidelines on CRT is the recommendation of care-
ful evaluation of underlying causes of chronic HF, the assess-
ment of the general health status, the investigation of major 
comorbidities, the appropriate use of optimal dosage of HF 
medications, and the estimation of a reasonable life expec-
tancy. The recommendations of the 3 major international sci-
entific societies are shown in the Table. The table highlights 
the similarities in the recommendations to CRT but also the 
divergences in the recommendations, partially related to dif-
ferent levels of evidence for grading the recommendation. 
Undoubtedly the lack of uniformity about the subgroups of 
patients indicated, less recommended, or contraindicated to 

CRT poses significant difficulty in the implementation pro-
cess of the clinical practice guidelines. Although part of the 
inconsistency may be attributable to the fact that between the 
publication of the guidelines of each scientific society major 
randomized, controlled trials have been published and con-
sequently included in the guidelines, unavoidably inconsis-
tency may lead to disparity of treatment of U.S. and European 
patients. A joint revision process of clinical evidence leading 
to recommendation is therefore highly desired.

The opinion of the experts converges in the following: (1) 
LBBB as key underlying conduction disturbance (see also 
Figure 3); (2) a wide QRS complex (>150 ms) as predictor 
of CRT benefit; (3) RV pacing-induced LBBB as substrate 
for poor mechanical function and adverse remodeling.4,26–28 A 
QRS morphology consistent with LBBB appears to reflect an 
electrical substrate that is strongly amenable to CRT, indepen-
dent of NYHA functional class and cause. CRT was particu-
larly effective when LBBB was associated with female sex, 
relatively normal left atrial size, and body mass index; this 
phenotype (also termed super responder) showed a near nor-
malization of ventricular volumes and ≈2% yearly event rate 
after CRT implantation.29

Imaging to Improve CRT Success
Over the last decade, interest has grown for imaging methods 
to better characterize patients undergoing CRT to better assess 
the patients’ electrical substrate, regional mechanical function, 
and location and extent of scar. Such knowledge may lead to 
improve selection of patients for CRT and to guide LV lead 

CLASS IIb:
Treatment may be performed (ACC/AHA/
HRS) or may be considered (HFSA and 
ESC/HFA)

Level of Evidence B

NYHA IV ambulatory
 LVEF≤35%
 QRS≥150ms

NYHA II – ambulatory IV
 LVEF≤35%
 QRS≥120ms and ≤150ms

NYHA II - III
 LVEF≤35%
 Atrial fibrillation
 QRS≥120 ms

NYHA III and ambulatory NYHA IV
 LVEF≤30%
 Sinus rhythm
 QRS 120–149 ms
 Non-LBBB morphology

NYHA II
 LVEF≤35%
 Sinus rhythm
 QRS≥150 ms
 Non-LBBB morphology

NYHA II, III, and ambulatory NYHA IV
 LVEF≤35%
 Sinus rhythm
 QRS 120 - 150 ms
 Non-LBBB

Class IIb:
Treatment may be performed (ACC/AHA/
HRS) or may be considered (HFSA and 
ESC/HFA)

Level of Evidence C

No NYHA Class specification
 Chronic ventricular pacing
 Reduced LVEF

NYHA I
 LVEF≤30%
 Sinus rhythm
 QRS≥150 ms
 LBBB
 Ischemic cause

Class III:
No Benefit

Level of Evidence B

No NYHA Class specification
 Sinus rhythm
 QRS duration <120 ms

Class III:
No Benefit

Level of Evidence C

NYHA I or II
 Non-LBBB morphology
 QRS<150 ms

AV indicates atrioventricular; BiV, biventricular; ICD, implantable cardioverter-defibrillator; IPG, impulse pulse generator; LBBB, left bundle-branch block; LVEF, left 
ventricular ejection fraction; NYHA, New York Heart Association; and RBBB, right bundle-branch block.

Table.  (Continued)

Scientific Society HFSA ACCF/AHA/HRS ESC/EHRA
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6.1.3 Implantable cardioverter defibrillators in patients
with New York Heart Association class IV listed for heart
transplantation

Implantable cardioverter defibrillators in patientswith
New York Heart Association class IV listed for heart
transplantation

Recommendation Classa Levelb Ref.c

ICD implantation should be considered
for primary and secondary prevention of
SCD in patients who are listed for heart
transplant.

IIa C
320,
321

ICD ¼ implantable cardioverter defibrillator; SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

There are no randomized trial data regarding the value of ICDs in pa-
tients with NYHA class IV. It is generally accepted that ICD therapy is
not recommended in patients with severe, drug-refractory symptoms
who are not candidates for CRT, a ventricular assist device or heart
transplantation.8,11 However, the situation for ambulatory class IV pa-
tients who are listed for heart transplantation may be different. These
patients often have to wait at least 1 year and their risk of sudden
death is high. Data from two observational studies that together ex-
amined almost 2000 patients, one of them recent320 and the other
older (in which the use of beta-blockers was low),321 have suggested
a survival benefit in patients with an ICD.

6.1.4 Cardiac resynchronization therapy
6.1.4.1 Heart failure with reduced left ventricular ejection fraction and
New York Heart Association class III/ambulatory class IV

Table A. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients in sinus
rhythm and New York Heart Association functional
class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT is recommended to reduce
all-cause mortality in patients with an
LVEF ≤35% and LBBB despite at least 3
months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

322–
326

– With a QRS duration .150 ms

I A

313,
314,
327–
329

– With a QRS duration of 120–150 ms
I B

313,
314

CRT should or may be considered to
reduce all-cause mortality in patients with
an LVEF ≤35% without LBBB despite at
least 3 months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

326
323–
325

– With a QRS duration .150 ms
IIa B

313,
314

– With a QRS duration of 120–150 ms
IIb B

313,
314

CRT ¼ cardiac resynchronization therapy; LBBB ¼ left bundle branch block;
LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table B. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients with
permanent atrial fibrillation in New York Heart
Association functional class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT should be considered to reduce
all-cause mortality in patients with
chronic HF, QRS ≥120 ms and LVEF
≤35% who remain in NYHA functional
class III/ambulatory class IV despite at
least 3 months of optimal
pharmacological therapy who are
expected to survive at least 1 year with
good functional status, provided that
biventricular pacing as close as possible
to 100% can be achieved.

IIa B
330,
331

AV junction ablation should be
considered in case of incomplete
biventricular pacing.

IIa B
332,
333

AV ¼ atrio-ventricular; CRT ¼ cardiac resynchronization therapy; HF ¼ heart
failure; LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds; NYHA ¼
New York Heart Association.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

For patients in sinus rhythm, recommendations are provided in
relation to LBBB vs. non-LBBB morphology and also regarding
QRS duration (120–150 ms vs..150 ms)10 (Table A in this section).
For patients with AF, recommendations are provided in Table B in
this section.

Two large RCTs [the Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart failure (COMPANION) Trial313 and
the Cardiac Resynchronization – Heart Failure (CARE-HF) Trial314]
in patients with moderate to severe (class III– IV) HF and in sinus
rhythm have shown that CRT reduces morbidity and mortality in
this population.

COMPANION enrolled HFrEF patients with a QRS duration
≥120 ms. When compared with patients on optimal medical ther-
apy alone, a trend in the reduction of all-cause mortality was
observed with a CRT pacemaker (CRT-P) [HR 0.76 (95% CI 0.58,
1.01), P ¼ 0.059] and a 36% reduction was seen with a CRT-D
[HR 0.64 (95% CI 0.48, 0.86), P ¼ 0.003]. CRT-D, but not CRT-P,
reduced the rate of SCD in this study.
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6.1.3 Implantable cardioverter defibrillators in patients
with New York Heart Association class IV listed for heart
transplantation

Implantable cardioverter defibrillators in patientswith
New York Heart Association class IV listed for heart
transplantation

Recommendation Classa Levelb Ref.c

ICD implantation should be considered
for primary and secondary prevention of
SCD in patients who are listed for heart
transplant.

IIa C
320,
321

ICD ¼ implantable cardioverter defibrillator; SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

There are no randomized trial data regarding the value of ICDs in pa-
tients with NYHA class IV. It is generally accepted that ICD therapy is
not recommended in patients with severe, drug-refractory symptoms
who are not candidates for CRT, a ventricular assist device or heart
transplantation.8,11 However, the situation for ambulatory class IV pa-
tients who are listed for heart transplantation may be different. These
patients often have to wait at least 1 year and their risk of sudden
death is high. Data from two observational studies that together ex-
amined almost 2000 patients, one of them recent320 and the other
older (in which the use of beta-blockers was low),321 have suggested
a survival benefit in patients with an ICD.

6.1.4 Cardiac resynchronization therapy
6.1.4.1 Heart failure with reduced left ventricular ejection fraction and
New York Heart Association class III/ambulatory class IV

Table A. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients in sinus
rhythm and New York Heart Association functional
class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT is recommended to reduce
all-cause mortality in patients with an
LVEF ≤35% and LBBB despite at least 3
months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

322–
326

– With a QRS duration .150 ms

I A

313,
314,
327–
329

– With a QRS duration of 120–150 ms
I B

313,
314

CRT should or may be considered to
reduce all-cause mortality in patients with
an LVEF ≤35% without LBBB despite at
least 3 months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

326
323–
325

– With a QRS duration .150 ms
IIa B

313,
314

– With a QRS duration of 120–150 ms
IIb B

313,
314

CRT ¼ cardiac resynchronization therapy; LBBB ¼ left bundle branch block;
LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table B. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients with
permanent atrial fibrillation in New York Heart
Association functional class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT should be considered to reduce
all-cause mortality in patients with
chronic HF, QRS ≥120 ms and LVEF
≤35% who remain in NYHA functional
class III/ambulatory class IV despite at
least 3 months of optimal
pharmacological therapy who are
expected to survive at least 1 year with
good functional status, provided that
biventricular pacing as close as possible
to 100% can be achieved.

IIa B
330,
331

AV junction ablation should be
considered in case of incomplete
biventricular pacing.

IIa B
332,
333

AV ¼ atrio-ventricular; CRT ¼ cardiac resynchronization therapy; HF ¼ heart
failure; LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds; NYHA ¼
New York Heart Association.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

For patients in sinus rhythm, recommendations are provided in
relation to LBBB vs. non-LBBB morphology and also regarding
QRS duration (120–150 ms vs..150 ms)10 (Table A in this section).
For patients with AF, recommendations are provided in Table B in
this section.

Two large RCTs [the Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart failure (COMPANION) Trial313 and
the Cardiac Resynchronization – Heart Failure (CARE-HF) Trial314]
in patients with moderate to severe (class III– IV) HF and in sinus
rhythm have shown that CRT reduces morbidity and mortality in
this population.

COMPANION enrolled HFrEF patients with a QRS duration
≥120 ms. When compared with patients on optimal medical ther-
apy alone, a trend in the reduction of all-cause mortality was
observed with a CRT pacemaker (CRT-P) [HR 0.76 (95% CI 0.58,
1.01), P ¼ 0.059] and a 36% reduction was seen with a CRT-D
[HR 0.64 (95% CI 0.48, 0.86), P ¼ 0.003]. CRT-D, but not CRT-P,
reduced the rate of SCD in this study.
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6.1.3 Implantable cardioverter defibrillators in patients
with New York Heart Association class IV listed for heart
transplantation

Implantable cardioverter defibrillators in patientswith
New York Heart Association class IV listed for heart
transplantation

Recommendation Classa Levelb Ref.c

ICD implantation should be considered
for primary and secondary prevention of
SCD in patients who are listed for heart
transplant.

IIa C
320,
321

ICD ¼ implantable cardioverter defibrillator; SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

There are no randomized trial data regarding the value of ICDs in pa-
tients with NYHA class IV. It is generally accepted that ICD therapy is
not recommended in patients with severe, drug-refractory symptoms
who are not candidates for CRT, a ventricular assist device or heart
transplantation.8,11 However, the situation for ambulatory class IV pa-
tients who are listed for heart transplantation may be different. These
patients often have to wait at least 1 year and their risk of sudden
death is high. Data from two observational studies that together ex-
amined almost 2000 patients, one of them recent320 and the other
older (in which the use of beta-blockers was low),321 have suggested
a survival benefit in patients with an ICD.

6.1.4 Cardiac resynchronization therapy
6.1.4.1 Heart failure with reduced left ventricular ejection fraction and
New York Heart Association class III/ambulatory class IV

Table A. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients in sinus
rhythm and New York Heart Association functional
class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT is recommended to reduce
all-cause mortality in patients with an
LVEF ≤35% and LBBB despite at least 3
months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

322–
326

– With a QRS duration .150 ms

I A

313,
314,
327–
329

– With a QRS duration of 120–150 ms
I B

313,
314

CRT should or may be considered to
reduce all-cause mortality in patients with
an LVEF ≤35% without LBBB despite at
least 3 months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

326
323–
325

– With a QRS duration .150 ms
IIa B

313,
314

– With a QRS duration of 120–150 ms
IIb B

313,
314

CRT ¼ cardiac resynchronization therapy; LBBB ¼ left bundle branch block;
LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table B. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients with
permanent atrial fibrillation in New York Heart
Association functional class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT should be considered to reduce
all-cause mortality in patients with
chronic HF, QRS ≥120 ms and LVEF
≤35% who remain in NYHA functional
class III/ambulatory class IV despite at
least 3 months of optimal
pharmacological therapy who are
expected to survive at least 1 year with
good functional status, provided that
biventricular pacing as close as possible
to 100% can be achieved.

IIa B
330,
331

AV junction ablation should be
considered in case of incomplete
biventricular pacing.

IIa B
332,
333

AV ¼ atrio-ventricular; CRT ¼ cardiac resynchronization therapy; HF ¼ heart
failure; LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds; NYHA ¼
New York Heart Association.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

For patients in sinus rhythm, recommendations are provided in
relation to LBBB vs. non-LBBB morphology and also regarding
QRS duration (120–150 ms vs..150 ms)10 (Table A in this section).
For patients with AF, recommendations are provided in Table B in
this section.

Two large RCTs [the Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart failure (COMPANION) Trial313 and
the Cardiac Resynchronization – Heart Failure (CARE-HF) Trial314]
in patients with moderate to severe (class III– IV) HF and in sinus
rhythm have shown that CRT reduces morbidity and mortality in
this population.

COMPANION enrolled HFrEF patients with a QRS duration
≥120 ms. When compared with patients on optimal medical ther-
apy alone, a trend in the reduction of all-cause mortality was
observed with a CRT pacemaker (CRT-P) [HR 0.76 (95% CI 0.58,
1.01), P ¼ 0.059] and a 36% reduction was seen with a CRT-D
[HR 0.64 (95% CI 0.48, 0.86), P ¼ 0.003]. CRT-D, but not CRT-P,
reduced the rate of SCD in this study.
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6.1.3 Implantable cardioverter defibrillators in patients
with New York Heart Association class IV listed for heart
transplantation

Implantable cardioverter defibrillators in patientswith
New York Heart Association class IV listed for heart
transplantation

Recommendation Classa Levelb Ref.c

ICD implantation should be considered
for primary and secondary prevention of
SCD in patients who are listed for heart
transplant.

IIa C
320,
321

ICD ¼ implantable cardioverter defibrillator; SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

There are no randomized trial data regarding the value of ICDs in pa-
tients with NYHA class IV. It is generally accepted that ICD therapy is
not recommended in patients with severe, drug-refractory symptoms
who are not candidates for CRT, a ventricular assist device or heart
transplantation.8,11 However, the situation for ambulatory class IV pa-
tients who are listed for heart transplantation may be different. These
patients often have to wait at least 1 year and their risk of sudden
death is high. Data from two observational studies that together ex-
amined almost 2000 patients, one of them recent320 and the other
older (in which the use of beta-blockers was low),321 have suggested
a survival benefit in patients with an ICD.

6.1.4 Cardiac resynchronization therapy
6.1.4.1 Heart failure with reduced left ventricular ejection fraction and
New York Heart Association class III/ambulatory class IV

Table A. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients in sinus
rhythm and New York Heart Association functional
class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT is recommended to reduce
all-cause mortality in patients with an
LVEF ≤35% and LBBB despite at least 3
months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

322–
326

– With a QRS duration .150 ms

I A

313,
314,
327–
329

– With a QRS duration of 120–150 ms
I B

313,
314

CRT should or may be considered to
reduce all-cause mortality in patients with
an LVEF ≤35% without LBBB despite at
least 3 months of optimal pharmacological
therapy who are expected to survive at
least 1 year with good functional status:

326
323–
325

– With a QRS duration .150 ms
IIa B

313,
314

– With a QRS duration of 120–150 ms
IIb B

313,
314

CRT ¼ cardiac resynchronization therapy; LBBB ¼ left bundle branch block;
LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table B. Cardiac resynchronization therapy in the
primary prevention of sudden death in patients with
permanent atrial fibrillation in New York Heart
Association functional class III/ambulatory class IV

Recommendations Classa Levelb Ref.c

CRT should be considered to reduce
all-cause mortality in patients with
chronic HF, QRS ≥120 ms and LVEF
≤35% who remain in NYHA functional
class III/ambulatory class IV despite at
least 3 months of optimal
pharmacological therapy who are
expected to survive at least 1 year with
good functional status, provided that
biventricular pacing as close as possible
to 100% can be achieved.

IIa B
330,
331

AV junction ablation should be
considered in case of incomplete
biventricular pacing.

IIa B
332,
333

AV ¼ atrio-ventricular; CRT ¼ cardiac resynchronization therapy; HF ¼ heart
failure; LVEF ¼ left ventricular ejection fraction; ms ¼ milliseconds; NYHA ¼
New York Heart Association.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

For patients in sinus rhythm, recommendations are provided in
relation to LBBB vs. non-LBBB morphology and also regarding
QRS duration (120–150 ms vs..150 ms)10 (Table A in this section).
For patients with AF, recommendations are provided in Table B in
this section.

Two large RCTs [the Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart failure (COMPANION) Trial313 and
the Cardiac Resynchronization – Heart Failure (CARE-HF) Trial314]
in patients with moderate to severe (class III– IV) HF and in sinus
rhythm have shown that CRT reduces morbidity and mortality in
this population.

COMPANION enrolled HFrEF patients with a QRS duration
≥120 ms. When compared with patients on optimal medical ther-
apy alone, a trend in the reduction of all-cause mortality was
observed with a CRT pacemaker (CRT-P) [HR 0.76 (95% CI 0.58,
1.01), P ¼ 0.059] and a 36% reduction was seen with a CRT-D
[HR 0.64 (95% CI 0.48, 0.86), P ¼ 0.003]. CRT-D, but not CRT-P,
reduced the rate of SCD in this study.
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opinion of the experts 
converges in the following

• 1) LBBB as key underlying conduction disturbance 

•  2) a wide QRS complex (>150 ms) as predictor of 
CRT benefit

• 3) RV pacing-induced LBBB as substrate for poor 
mechanical function and adverse remodeling.

• 4) Mild heart failure Fc II

16

Thursday, July 21, 2016



PMK Cardiology ReviewPMK Cardiology Review
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 361;22 nejm.org november 26, 2009 2123

original article

Biventricular Pacing in Patients with 
Bradycardia and Normal Ejection Fraction

Cheuk-Man Yu, M.D., F.R.C.P., Joseph Yat-Sun Chan, F.H.K.A.M.,  
Qing Zhang, M.M., Ph.D., Razali Omar, M.D.,  

Gabriel Wai-Kwok Yip, M.D., F.A.C.C., Azlan Hussin, M.D., Fang Fang, Ph.D.,  
Kai Huat Lam, M.B., B.S., Hamish Chi-Kin Chan, F.R.C.P.,  

and Jeffrey Wing-Hong Fung, M.D., F.R.C.P.

From the Division of Cardiology, Depart-
ment of Medicine and Therapeutics, 
Prince of Wales Hospital, Chinese Uni-
versity of Hong Kong, Hong Kong  
(C.-M.Y., J.Y.-S.C., Q.Z., G.W.-K.Y., F.F., 
J.W.-H.F.); the Department of Cardiology, 
West China Hospital, Sichuan University, 
Chengdu, Sichuan, China (Q.Z.); the De-
partment of Cardiology, National Heart 
Institute, Kuala Lumpur, Malaysia (R.O., 
A.H., K.H.L.); the Department of Medi-
cine, Alice Ho Miu Ling Nethersole Hos-
pital, Tai Po, Hong Kong (H.C.-K.C.); and 
the Department of Medicine, North Dis-
trict Hospital, Hong Kong (J.W.-H.F.). 
Address reprint requests to Dr. Yu at the 
Division of Cardiology, Department of 
Medicine and Therapeutics, Prince of 
Wales Hospital and Institute of Vascular 
Medicine and Li Ka Shing Institute of 
Health and Sciences, Chinese University 
of Hong Kong, Hong Kong, or at cmyu@
cuhk.edu.hk.

This article (10.1056/NEJMoa0907555) 
was published on November 15, 2009, at 
NEJM.org.

N Engl J Med 2009;361:2123-34.
Copyright © 2009 Massachusetts Medical Society.

A BS TR AC T

Background
Observational studies suggest that conventional right ventricular apical pacing may 
have a deleterious effect on left ventricular function. In this study, we examined wheth-
er biventricular pacing is superior to right ventricular apical pacing in preventing 
deterioration of left ventricular systolic function and cardiac remodeling in patients 
with bradycardia and a normal ejection fraction.

Methods
In this prospective, double-blind, multicenter study, we randomly assigned 177 pa-
tients in whom a biventricular pacemaker had been successfully implanted to receive 
biventricular pacing (89 patients) or right ventricular apical pacing (88 patients). The 
primary end points were the left ventricular ejection fraction and left ventricular 
end-systolic volume at 12 months.

Results
At 12 months, the mean left ventricular ejection fraction was significantly lower in 
the right-ventricular-pacing group than in the biventricular-pacing group (54.8±9.1% 
vs. 62.2±7.0%, P<0.001), with an absolute difference of 7.4 percentage points, where-
as the left ventricular end-systolic volume was significantly higher in the right-
ventricular-pacing group than in the biventricular-pacing group (35.7±16.3 ml vs. 
27.6±10.4 ml, P<0.001), with a relative difference between the groups in the change 
from baseline of 25% (P<0.001). The deleterious effect of right ventricular apical 
pacing occurred in prespecified subgroups, including patients with and patients 
without preexisting left ventricular diastolic dysfunction. Eight patients in the right-
ventricular-pacing group (9%) and one in the biventricular-pacing group (1%) had 
ejection fractions of less than 45% (P = 0.02). There was one death in the right-ventric-
ular-pacing group, and six patients in the right-ventricular-pacing group and five in 
the biventricular-pacing group were hospitalized for heart failure (P = 0.74).

Conclusions
In patients with normal systolic function, conventional right ventricular apical pac-
ing resulted in adverse left ventricular remodeling and in a reduction in the left ven-
tricular ejection fraction; these effects were prevented by biventricular pacing. (Cen-
tre for Clinical Trials number, CUHK_CCT00037.)

The New England Journal of Medicine 
Downloaded from nejm.org on March 16, 2014. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
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Background
• nonphysiologic right ventricular apical pacing on left 

ventricular systolic function has been recognized 
since the 1920s.

• the Dual Chamber and VVI Implantable Defibrillator 
(DAVID) trial, the unexpected increased rates of 
death and hospital admission for heart failure 
among patients who were randomly assigned to the 
dual- chamber, rate-adaptive (DDDR) mode were 
purportedly due to the adverse effect of right 
ventricular apical pacing on left ventricular structural 
remodeling
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Patients Population
• a normal left ventricular ejection fraction 
(45%) and standard indications for 
pacing

• SND and AVN diseases

Biventricular vs. Right Ventricular Pacing

n engl j med 361;22 nejm.org november 26, 2009 2125

We used a permuted-block randomization proce-
dure, with each block containing four assign-
ments, two for each pacing group. All the devices 
were programmed to an atrial-synchronized DDDR 

mode, with a lower rate of 60 beats per minute 
and an upper tracking rate of 140 beats per min-
ute. For patients with heart block, the paced and 
sensed atrioventricular intervals were programmed 

6 col
33p9

177 Underwent randomization

193 Underwent implantation of
the study device

16 Were excluded because of
procedure failure

67 Had normal diastolic function

33  Had RVA pacing 34 Had BiV pacing

110 Had diastolic dysfunction

88 Received RVA pacing 89 Received BiV pacing

1 Died
1 Declined follow-up 1 Declined follow-up

86 Completed 1-yr follow-up
88 Completed 1-yr follow-up

(1 had inadequate image quality
for analysis)

55 Had RVA pacing 55 Had BiV pacing

238 Fulfilled the study inclusion
criteria

45 Declined participation

251 Patients were screened for
potential pacemaker therapy

7 Were excluded because of
inadequate image quality

6 Were excluded because of 
ejection fraction <45%
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Figure 1. Screening, Enrollment, Random Assignment, and Follow-up.

BiV denotes biventricular, and RVA right ventricular apical.
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primary end points

• the left ventricular ejection fraction 
(as an assessment of left ventricular 
systolic function) 

• and left ventricular end-systolic 
volume (as an assessment of left 
ventricular remodeling) at 12 
months
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P<0.001) (Table 2 and Fig. 2B). The left ventricu-
lar end-systolic volume increased by 7.1 ml (a rela-
tive increase of 26%) from baseline to 12 months 
in the right-ventricular-pacing group but remained 
unchanged in the biventricular-pacing group. At 
12 months, eight patients in the right-ventricular-
pacing group (9%) and one patient in the biven-
tricular-pacing group (1%) had a left ventricular 
ejection fraction that had decreased to less than 
45% (P = 0.02).

Assessment of Secondary End Points  
and Subgroup Analyses

In the assessment of distance covered in a 6-min-
ute walk, although both pacing groups had an 
increase of more than 30 m at 12 months, there 
was no significant difference between the groups 
(Table 2). In the assessment of quality of life, 
the domain of physical role was improved at 12 
months in both pacing groups, although there was 
no significant difference between the groups in 
any of the domains (Table 2). There was no sig-
nificant difference between the two groups in 
the rate of hospitalization for heart failure.

For the subgroups shown in Figures 3 and 4, 
no significant interaction was seen between biven-
tricular pacing and left ventricular ejection frac-
tion or left ventricular end-systolic volume at 12 
months.

Events and Adverse Events
There were no periprocedural deaths. One patient 
in the right-ventricular-pacing group died before 
the 12-month visit as a result of a urinary tract 
infection and septicemia. Of the 177 patients who 
underwent randomization, 11 were hospitalized 
for heart failure (6%): 6 in the right-ventricular-
pacing group (7%) and 5 in the biventricular-pac-
ing group (6%) (P = 0.74). Among these 11 patients, 
only 2, both of whom were in the right-ventricu-
lar-pacing group, had a left ventricular ejection 
fraction of less than 45% at 12 months. Further-
more, three patients in the right-ventricular-pac-
ing group (3%) were hospitalized for an acute 
coronary syndrome, and two in the biventricular-
pacing group (2%) were hospitalized for stroke. 
Seven patients in the biventricular-pacing group 
had diaphragmatic pacing. In the case of five of 
these patients, the condition was managed by re-
programming of the device, and there were no 
further problems; the other two patients crossed 
over to the right-ventricular-pacing group.

Discussion

This study shows that right ventricular apical pac-
ing has a detrimental effect on left ventricular sys-
tolic function in patients with a normal ejection 
fraction and indications for pacing owing to bra-
dycardia. The adverse cardiac remodeling can be 
prevented by biventricular pacing.

Despite the use of right ventricular apical pac-
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Figure 2. Comparison of Primary End Points at 12 
Months between Patients Who Received Biventricular 
Pacing and Those Who Received Right Ventricular Api-
cal Pacing.

The values shown are means. Among patients who re-
ceived right ventricular apical (RVA) pacing, there was 
a significant decrease in the left ventricular ejection 
fraction (Panel A), whereas the left ventricular end- 
systolic volume was increased (Panel B). I bars indicate 
95% confidence intervals. BiV denotes biventricular, 
and LV left ventricular.
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tricular-pacing group (1%) had a left ventricular 
ejection fraction that had decreased to less than 
45% (P = 0.02).

Assessment of Secondary End Points  
and Subgroup Analyses

In the assessment of distance covered in a 6-min-
ute walk, although both pacing groups had an 
increase of more than 30 m at 12 months, there 
was no significant difference between the groups 
(Table 2). In the assessment of quality of life, 
the domain of physical role was improved at 12 
months in both pacing groups, although there was 
no significant difference between the groups in 
any of the domains (Table 2). There was no sig-
nificant difference between the two groups in 
the rate of hospitalization for heart failure.

For the subgroups shown in Figures 3 and 4, 
no significant interaction was seen between biven-
tricular pacing and left ventricular ejection frac-
tion or left ventricular end-systolic volume at 12 
months.

Events and Adverse Events
There were no periprocedural deaths. One patient 
in the right-ventricular-pacing group died before 
the 12-month visit as a result of a urinary tract 
infection and septicemia. Of the 177 patients who 
underwent randomization, 11 were hospitalized 
for heart failure (6%): 6 in the right-ventricular-
pacing group (7%) and 5 in the biventricular-pac-
ing group (6%) (P = 0.74). Among these 11 patients, 
only 2, both of whom were in the right-ventricu-
lar-pacing group, had a left ventricular ejection 
fraction of less than 45% at 12 months. Further-
more, three patients in the right-ventricular-pac-
ing group (3%) were hospitalized for an acute 
coronary syndrome, and two in the biventricular-
pacing group (2%) were hospitalized for stroke. 
Seven patients in the biventricular-pacing group 
had diaphragmatic pacing. In the case of five of 
these patients, the condition was managed by re-
programming of the device, and there were no 
further problems; the other two patients crossed 
over to the right-ventricular-pacing group.

Discussion

This study shows that right ventricular apical pac-
ing has a detrimental effect on left ventricular sys-
tolic function in patients with a normal ejection 
fraction and indications for pacing owing to bra-
dycardia. The adverse cardiac remodeling can be 
prevented by biventricular pacing.

Despite the use of right ventricular apical pac-

3 col
16p6

65

60

55

50

0

P<0.001

P=0.76

RVA pacingBiV pacing

P<0.001 vs.
RVA pacing

AUTHOR:

FIGURE:

RETAKE:

4-C H/TLine Combo

Revised

 

1st
2nd
3rd

Yu

2 of 4

ARTIST:

TYPE:

MRL

11-26-09JOB: 36122 ISSUE:

40

30

35

25

20

0

P=0.42

P<0.001

RVA pacingBiV pacing

P<0.001 vs.
RVA pacing

Figure 2. Comparison of Primary End Points at 12 
Months between Patients Who Received Biventricular 
Pacing and Those Who Received Right Ventricular Api-
cal Pacing.

The values shown are means. Among patients who re-
ceived right ventricular apical (RVA) pacing, there was 
a significant decrease in the left ventricular ejection 
fraction (Panel A), whereas the left ventricular end- 
systolic volume was increased (Panel B). I bars indicate 
95% confidence intervals. BiV denotes biventricular, 
and LV left ventricular.
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ing for decades, its association with the develop-
ment of heart failure and even death has been 
recognized only in the past 7 years with the pub-
lication of the results of various large-scale trials 
of pacemakers and implantable cardioverter–defi-
brillators.2,3,16,17 The adverse clinical events seem 
to be related to a high cumulative percentage of 
right ventricular apical pacing.2-7 Such pacing 
causes an abnormal left ventricular electrical-acti-
vation sequence, which is manifested on an elec-
trocardiogram as left bundle-branch block18,19; 
this abnormal sequence leads to an electro-
mechanical delay in contraction (or systolic dys-
synchrony) and, subsequently, to asymmetric hy-
pertrophy, increased mitral regurgitation, and a 
decreased ejection fraction.4,20-26 Several pacing 
algorithms have been developed in an attempt to 
reduce the percentage of right ventricular apical 

pacing in patients with sinus-node dysfunction.27-29 
However, even a relatively low cumulative percent-
age of right ventricular apical pacing may result 
in impaired cardiac function, especially in elderly 
patients with underlying risk factors for heart 
failure.16

The PACE study showed that the mean (±SD) 
left ventricular ejection fraction declined by almost 
7 percentage points (from 61.5±6.6 to 54.8±9.1) 
in the first year of right ventricular apical pacing 
in patients with a normal ejection fraction. A pre-
vious observational study involving patients with 
mildly reduced systolic function who received right 
ventricular apical pacing suggested that the left 
ventricular ejection fraction was reduced by 5 per-
centage points after a follow-up period of 3 years.30 
Since three-dimensional echocardiography has 
been shown to be highly accurate in measuring 
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Figure 3. Subgroup Analyses of the Primary End Point of Left Ventricular Ejection Fraction at 12 Months.

Differences in the left ventricular (LV) ejection fraction between patients who received biventricular (BiV) pacing 
and those who received right ventricular apical (RVA) pacing are shown for each subgroup. P values for interaction 
are shown. The bars indicate 95% confidence intervals.
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recognized only in the past 7 years with the pub-
lication of the results of various large-scale trials 
of pacemakers and implantable cardioverter–defi-
brillators.2,3,16,17 The adverse clinical events seem 
to be related to a high cumulative percentage of 
right ventricular apical pacing.2-7 Such pacing 
causes an abnormal left ventricular electrical-acti-
vation sequence, which is manifested on an elec-
trocardiogram as left bundle-branch block18,19; 
this abnormal sequence leads to an electro-
mechanical delay in contraction (or systolic dys-
synchrony) and, subsequently, to asymmetric hy-
pertrophy, increased mitral regurgitation, and a 
decreased ejection fraction.4,20-26 Several pacing 
algorithms have been developed in an attempt to 
reduce the percentage of right ventricular apical 

pacing in patients with sinus-node dysfunction.27-29 
However, even a relatively low cumulative percent-
age of right ventricular apical pacing may result 
in impaired cardiac function, especially in elderly 
patients with underlying risk factors for heart 
failure.16

The PACE study showed that the mean (±SD) 
left ventricular ejection fraction declined by almost 
7 percentage points (from 61.5±6.6 to 54.8±9.1) 
in the first year of right ventricular apical pacing 
in patients with a normal ejection fraction. A pre-
vious observational study involving patients with 
mildly reduced systolic function who received right 
ventricular apical pacing suggested that the left 
ventricular ejection fraction was reduced by 5 per-
centage points after a follow-up period of 3 years.30 
Since three-dimensional echocardiography has 
been shown to be highly accurate in measuring 
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Figure 3. Subgroup Analyses of the Primary End Point of Left Ventricular Ejection Fraction at 12 Months.

Differences in the left ventricular (LV) ejection fraction between patients who received biventricular (BiV) pacing 
and those who received right ventricular apical (RVA) pacing are shown for each subgroup. P values for interaction 
are shown. The bars indicate 95% confidence intervals.
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ing for decades, its association with the develop-
ment of heart failure and even death has been 
recognized only in the past 7 years with the pub-
lication of the results of various large-scale trials 
of pacemakers and implantable cardioverter–defi-
brillators.2,3,16,17 The adverse clinical events seem 
to be related to a high cumulative percentage of 
right ventricular apical pacing.2-7 Such pacing 
causes an abnormal left ventricular electrical-acti-
vation sequence, which is manifested on an elec-
trocardiogram as left bundle-branch block18,19; 
this abnormal sequence leads to an electro-
mechanical delay in contraction (or systolic dys-
synchrony) and, subsequently, to asymmetric hy-
pertrophy, increased mitral regurgitation, and a 
decreased ejection fraction.4,20-26 Several pacing 
algorithms have been developed in an attempt to 
reduce the percentage of right ventricular apical 

pacing in patients with sinus-node dysfunction.27-29 
However, even a relatively low cumulative percent-
age of right ventricular apical pacing may result 
in impaired cardiac function, especially in elderly 
patients with underlying risk factors for heart 
failure.16

The PACE study showed that the mean (±SD) 
left ventricular ejection fraction declined by almost 
7 percentage points (from 61.5±6.6 to 54.8±9.1) 
in the first year of right ventricular apical pacing 
in patients with a normal ejection fraction. A pre-
vious observational study involving patients with 
mildly reduced systolic function who received right 
ventricular apical pacing suggested that the left 
ventricular ejection fraction was reduced by 5 per-
centage points after a follow-up period of 3 years.30 
Since three-dimensional echocardiography has 
been shown to be highly accurate in measuring 
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Figure 3. Subgroup Analyses of the Primary End Point of Left Ventricular Ejection Fraction at 12 Months.

Differences in the left ventricular (LV) ejection fraction between patients who received biventricular (BiV) pacing 
and those who received right ventricular apical (RVA) pacing are shown for each subgroup. P values for interaction 
are shown. The bars indicate 95% confidence intervals.

The New England Journal of Medicine 
Downloaded from nejm.org on March 16, 2014. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 

Biventricular vs. Right Ventricular Pacing

n engl j med 361;22 nejm.org november 26, 2009 2131

ing for decades, its association with the develop-
ment of heart failure and even death has been 
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lication of the results of various large-scale trials 
of pacemakers and implantable cardioverter–defi-
brillators.2,3,16,17 The adverse clinical events seem 
to be related to a high cumulative percentage of 
right ventricular apical pacing.2-7 Such pacing 
causes an abnormal left ventricular electrical-acti-
vation sequence, which is manifested on an elec-
trocardiogram as left bundle-branch block18,19; 
this abnormal sequence leads to an electro-
mechanical delay in contraction (or systolic dys-
synchrony) and, subsequently, to asymmetric hy-
pertrophy, increased mitral regurgitation, and a 
decreased ejection fraction.4,20-26 Several pacing 
algorithms have been developed in an attempt to 
reduce the percentage of right ventricular apical 

pacing in patients with sinus-node dysfunction.27-29 
However, even a relatively low cumulative percent-
age of right ventricular apical pacing may result 
in impaired cardiac function, especially in elderly 
patients with underlying risk factors for heart 
failure.16

The PACE study showed that the mean (±SD) 
left ventricular ejection fraction declined by almost 
7 percentage points (from 61.5±6.6 to 54.8±9.1) 
in the first year of right ventricular apical pacing 
in patients with a normal ejection fraction. A pre-
vious observational study involving patients with 
mildly reduced systolic function who received right 
ventricular apical pacing suggested that the left 
ventricular ejection fraction was reduced by 5 per-
centage points after a follow-up period of 3 years.30 
Since three-dimensional echocardiography has 
been shown to be highly accurate in measuring 
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Figure 3. Subgroup Analyses of the Primary End Point of Left Ventricular Ejection Fraction at 12 Months.

Differences in the left ventricular (LV) ejection fraction between patients who received biventricular (BiV) pacing 
and those who received right ventricular apical (RVA) pacing are shown for each subgroup. P values for interaction 
are shown. The bars indicate 95% confidence intervals.
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Conclusions

• In patients with normal systolic function, 
conventional right ventricular apical pacing 
resulted in adverse left ventricular remodeling and 
in a reduction in the left ventricular ejection 
fraction

• these effects were prevented by biventricular 
pacing
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BACKGROUND
Right ventricular pacing restores an adequate heart rate in patients with atrioven-
tricular block, but high percentages of right ventricular apical pacing may promote 
left ventricular systolic dysfunction. We evaluated whether biventricular pacing 
might reduce mortality, morbidity, and adverse left ventricular remodeling in such 
patients.

METHODS
We enrolled patients who had indications for pacing with atrioventricular block; 
New York Heart Association (NYHA) class I, II, or III heart failure; and a left ven-
tricular ejection fraction of 50% or less. Patients received a cardiac-resynchroniza-
tion pacemaker or implantable cardioverter–defibrillator (ICD) (the latter if the 
patient had an indication for defibrillation therapy) and were randomly assigned to 
standard right ventricular pacing or biventricular pacing. The primary outcome was 
the time to death from any cause, an urgent care visit for heart failure that required 
intravenous therapy, or a 15% or more increase in the left ventricular end-systolic 
volume index.

RESULTS
Of 918 patients enrolled, 691 underwent randomization and were followed for an 
average of 37 months. The primary outcome occurred in 190 of 342 patients (55.6%) 
in the right-ventricular-pacing group, as compared with 160 of 349 (45.8%) in the 
biventricular-pacing group. Patients randomly assigned to biventricular pacing had 
a significantly lower incidence of the primary outcome over time than did those 
assigned to right ventricular pacing (hazard ratio, 0.74; 95% credible interval, 0.60 to 
0.90); results were similar in the pacemaker and ICD groups. Left ventricular lead–
related complications occurred in 6.4% of patients.

CONCLUSIONS
Biventricular pacing was superior to conventional right ventricular pacing in patients 
with atrioventricular block and left ventricular systolic dysfunction with NYHA 
class I, II, or III heart failure. (Funded by Medtronic; BLOCK HF ClinicalTrials.gov 
number, NCT00267098.)
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A BS TR AC T

BACKGROUND
Right ventricular pacing restores an adequate heart rate in patients with atrioven-
tricular block, but high percentages of right ventricular apical pacing may promote 
left ventricular systolic dysfunction. We evaluated whether biventricular pacing 
might reduce mortality, morbidity, and adverse left ventricular remodeling in such 
patients.

METHODS
We enrolled patients who had indications for pacing with atrioventricular block; 
New York Heart Association (NYHA) class I, II, or III heart failure; and a left ven-
tricular ejection fraction of 50% or less. Patients received a cardiac-resynchroniza-
tion pacemaker or implantable cardioverter–defibrillator (ICD) (the latter if the 
patient had an indication for defibrillation therapy) and were randomly assigned to 
standard right ventricular pacing or biventricular pacing. The primary outcome was 
the time to death from any cause, an urgent care visit for heart failure that required 
intravenous therapy, or a 15% or more increase in the left ventricular end-systolic 
volume index.

RESULTS
Of 918 patients enrolled, 691 underwent randomization and were followed for an 
average of 37 months. The primary outcome occurred in 190 of 342 patients (55.6%) 
in the right-ventricular-pacing group, as compared with 160 of 349 (45.8%) in the 
biventricular-pacing group. Patients randomly assigned to biventricular pacing had 
a significantly lower incidence of the primary outcome over time than did those 
assigned to right ventricular pacing (hazard ratio, 0.74; 95% credible interval, 0.60 to 
0.90); results were similar in the pacemaker and ICD groups. Left ventricular lead–
related complications occurred in 6.4% of patients.

CONCLUSIONS
Biventricular pacing was superior to conventional right ventricular pacing in patients 
with atrioventricular block and left ventricular systolic dysfunction with NYHA 
class I, II, or III heart failure. (Funded by Medtronic; BLOCK HF ClinicalTrials.gov 
number, NCT00267098.)
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- standard class I or IIa indication for a 
pacemaker owing to high-degree 
atrioventricular block and 
-who also had New York Heart Association 
(NYHA) class I, II, or III symptoms of heart 
failure and 
-left ventricular ejection fraction of 50% or 
less 24
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OUTCOME MEASURES

• The primary outcome was 
• 1.the time to a first event of death from 
any cause,

• 2. an urgent care visit for heart failure 
that required intravenous therapy, 

• 3. an increase in the left ventricular end- 
systolic volume index of 15% or more
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cause or urgent care visit for heart failure was also 
found to significantly favor the biventricular-
pacing group, to a degree similar to that of the 
primary outcome (Table 2 and Fig. 3).

The secondary outcome of death or hospital-
ization for heart failure was less common among 
patients assigned to biventricular pacing than 
among those assigned to right ventricular pacing 
(Table 2). Rates of first hospitalization for heart 
failure and the composite outcome of death or 
hospitalization for heart failure differed signifi-
cantly between the two pacing groups.

The median percentage of ventricular pacing 
during follow-up was 98.6% for all patients with 
third-degree atrioventricular block, 97.8% for those 
with second-degree atrioventricular block, and 
97.0% for those with first-degree atrioventricular 
block, with no significant difference between the 
two pacing groups.

ADVERSE EVENTS
Within 30 days after the initial attempt to implant 
the device, 113 of the 809 patients in whom im-
plantation was attempted (14.0%) had serious ad-
verse events; 83 patients (10.3%) had events related 
to the procedure or CRT system. Lead dislodge-
ments were the most common such event (in 
3.0% of patients), followed by atrial fibrillation 
(in 1.1%). Left ventricular lead–related complica-
tions occurred in 6.4% of patients. Among the 758 
patients in whom devices were implanted, 4.9% 
had the following serious adverse events related 
to the CRT system within 6 months after implan-
tation: lead dislodgement, device lead damage, 
pacing failure (“failure to capture”), implantation-
site infection, and inappropriate device stimula-
tion of tissue. Most of these adverse events oc-
curred within the first 30 days and were similar 
in distribution in the two pacing groups.

DISCUSSION

The results of the BLOCK HF trial showed that 
biventricular pacing provides superior ventricular-
rate support, as compared with traditional right 
ventricular apical pacing, in patients with atrio-
ventricular block, mild-to-moderate heart failure, 
and abnormal left ventricular systolic function. 
Patients receiving biventricular pacing had a low-
er incidence of the primary outcome of an urgent 
care visit for heart failure, death from any cause, 
or progression of heart failure, as measured by a 

significant increase in the left ventricular end-
systolic volume index. The hazard ratios in the 
pacemaker and ICD groups in our study showed 
a remarkably similar clinical effect, despite a 
marked difference in the mean ejection fraction 
in these two groups, suggesting that the benefit 
of biventricular pacing is unlikely to be tightly 
linked to the ejection fraction.

These findings address the clinical need to 
determine the best possible pacing mode for 
patients with atrioventricular block and an abnor-
mal left ventricular ejection fraction who do not 
have an established indication for biventricular 
pacing. This study adds to the body of evidence 
suggesting that biventricular pacing in patients 
with atrioventricular block preserves systolic 
function.6

Studies of the long-term effects of right ven-
tricular pacing have lent support to the concept 
that such pacing may be associated with adverse 
outcomes related to heart failure. The Mode Se-
lection Trial in Sinus-Node Dysfunction (MOST),2 
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Figure 2. Freedom from a Primary-Outcome Event.

For the total cohort, the hazard ratio for the biventricular-pacing group versus 
the right-ventricular-pacing group was 0.74 (95% credible interval, 0.60 to 
0.90). The posterior probability of a hazard ratio of less than 1 was 0.9978, 
which exceeded the threshold of 0.9775 for a significant difference between 
the two groups. When patients were stratified according to the type of device 
implanted (pacemaker or implantable cardioverter–defibrillator [ICD]), the 
hazard ratio with a pacemaker was 0.73 (95% credible interval, 0.58 to 0.91); 
the hazard ratio with an ICD was 0.75 (95% credible interval, 0.57 to 1.02).
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which enrolled patients with sinus-node dysfunc-
tion who needed permanent pacing, showed that 
the risk of hospitalization for heart failure in-
creased by 20% for every 10% increase in right 
ventricular pacing; patients who had ventricular 
pacing 40% or more of the time had a risk of 
hospitalization for heart failure that was 2.5 times 
as high as the risk among those who had pacing 
less than 40% of the time.7 The Dual Chamber 
and VVI Implantable Defibrillator (DAVID)3 trial 
enrolled 506 patients with indications for ICD 
therapy who had a left ventricular ejection frac-
tion of 40% or less, no persistent atrial arrhyth-
mias, and no indication for pacing. As compared 
with backup ventricular-demand pacing at 40 beats 
per minute, dual-chamber rate-responsive pacing 
at 70 beats per minute was associated with a 
higher risk of a combined outcome of death from 
any cause or hospitalization for heart failure.3

For patients with an intermittent or minimal 
need for pacing, programming to minimize ven-
tricular pacing is standard, including the use of 
algorithms that favor atrial pacing over atrioven-
tricular sequential pacing. However, in patients 

with advanced atrioventricular block, ventricular 
pacing is obligatory, and these patients may be 
subject to the same poor outcomes noted in the 
DAVID trial and in MOST.

Potential alternatives to deleterious right ven-
tricular pacing in these patients may be alternative 
site-specific pacing, such as the right ventricular 
outflow tract or the His bundle. In short-term 
studies, however, outcomes with right ventricular 
outflow-tract pacing have not been superior to 
those with right ventricular apical pacing.8-11 
Although one small study showed a significant 
difference in left ventricular ejection fraction by 
18 months in favor of right ventricular outflow-
tract pacing,12 further studies would be neces-
sary to fully assess this strategy. Furthermore, 
no study has shown the optimal location for a 
septal or outflow-tract lead or a reliable method 
for ensuring that it is in an optimal location.13 
His-bundle pacing is difficult to accomplish reli-
ably, and it is not applicable to patients with na-
tive block in the His–Purkinje system.14

Given the established role of ICD therapy in 
the primary prevention of sudden cardiac death 
in patients with heart failure and abnormal sys-
tolic function, it was imperative that an ICD be 
implanted in patients who met the enrollment 
criteria for our study and who had an indepen-
dent indication for ICD therapy for primary pre-
vention of sudden cardiac death. The addition of 
ICD therapy to the use of a CRT device might have 
affected total mortality and potentially mini-
mized the difference between the two treatment 
groups. Given that the hazard ratios and 95% 
credible intervals for the pacemaker and ICD 
groups were nearly identical, we conclude that 
the benefit of biventricular pacing in patients 
with atrioventricular block is similar with the 
two types of devices.

A limitation of this study is the relatively large 
number of patients who switched from right ven-
tricular pacing to biventricular pacing. However, 
a substantial proportion of these crossovers hap-
pened after a primary outcome event had oc-
curred in the patient. Furthermore, given the 
intention-to-treat design, this phenomenon would 
probably have skewed the data in favor of right 
ventricular pacing and weakened the overall find-
ings of the study. There was also a fairly high 
number of missing echocardiograms at various 
time points, resulting in the censoring and ex-
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Figure 3. Freedom from the Clinical Components of the Primary Outcome.

The clinical components of the primary outcome included death from any 
cause or an urgent care visit for heart failure. There was a significant differ-
ence in favor of biventricular pacing over right ventricular pacing (hazard 
ratio, 0.73; 95% credible interval, 0.57 to 0.92).
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Conclusions

• biventricular pacing provides superior 
ventricular- rate support, 

• as compared with traditional right 
ventricular apical pacing, in patients with 
atrioventricular block, mild-to-moderate 
heart failure, and abnormal left ventricular 
systolic function.
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have been conducted with transvenous ICD therapy. The first pa-
tients to receive defibrillators were survivors of VF or aborted car-
diac arrest. Later trials demonstrated a benefit of defibrillator
therapy in patients at risk of sudden death. ICD therapy prevents
sudden death and prolongs life in patients at high risk of sudden ar-
rhythmic death, provided that the patient does not suffer from other
conditions that limit life expectancy to ,1–2 years.146 Long-term
studies have demonstrated the efficacy of ICDs147 and cardiac re-
synchronization therapy defibrillators (CRT-Ds)148 over a mean
follow-up of 8 and 7 years, respectively.

On the other hand, defibrillators may cause complications, includ-
ing inappropriate shocks, which are especially frequent in children.149

A recent study of .3000 patients with an ICD or CRT-D found a
12-year cumulative incidence of adverse events of 20% (95% CI 18,
22) for inappropriate shock, 6% (95%CI 5, 8) for device-related infec-
tion and 17% (95% CI 14, 21) for lead failure.150

Despite the indications for ICD therapy in post-myocardial infarc-
tion patients with reduced ejection fraction, which is strongly sup-
ported by evidence-based data, a clear gap exists between
guidelines and clinical practices in several countries. A limiting factor
in the use of an ICD is its high upfront costs.

4.3.1.1 Secondary prevention of sudden cardiac death an ventricular
tachycardia

ICD for the secondary prevention of sudden cardiac
death and ventricular tachycardia

Recommendations Classa Levelb Ref.c

ICD implantation is recommended in
patients with documented VF or
haemodynamically not tolerated VT in
the absence of reversible causes or
within 48 h after myocardial infarction
who are receiving chronic optimal
medical therapy and have a reasonable
expectation of survival with a good
functional status .1 year.

I A
151–
154

ICD implantation should be considered
in patients with recurrent sustained VT
(not within 48 h after myocardial
infarction) who are receiving chronic
optimal medical therapy, have a normal
LVEF and have a reasonable expectation
of survival with good functional status
for .1 year.

IIa C
This

panel of
experts

In patients with VF/VT and an indication
for ICD, amiodarone may be considered
when an ICD is not available,
contraindicated for concurrent medical
reasons or refused by the patient.

IIb C
155,
156

ICD ¼ implantable cardioverter defibrillator; LVEF ¼ left ventricular
ejection fraction; SCD ¼ sudden cardiac death; VF ¼ ventricular fibrillation;
VT ¼ ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Three trials [Antiarrhythmic drugs Versus Implantable Defibrilla-
tor (AVID),153 Canadian Implantable Defibrillator Study
(CIDS)151 and Cardiac Arrest Study Hamburg (CASH)152] have
been conducted in patients who had suffered a cardiac arrest or
life-threatening VA (haemodynamically unstable VA or VT with
syncope) in which treatment with an ICD was compared with
anti-arrhythmic drug therapy, predominantly amiodarone. The re-
sults of all three trials were consistent, although only one showed
a statistically significant reduction in the rate of total mortality; the
ICD reduced rates of arrhythmic mortality in both the AVID and
CASH trials. A meta-analysis of the three trials demonstrated
that ICD therapy was associated with a 50% (95% CI 0.37, 0.67;
P ¼ 0.0001) reduction in arrhythmic mortality and a 28% (95%
CI 0.60, 0.87; P ¼ 0.006) reduction in total mortality (Web
Table 5).154 An analysis of the AVID trial results clearly demon-
strated that the benefit was confined primarily to patients with
an LVEF between 20 and 34%.153 The therapy is moderately
cost effective and guidelines for use of ICDs for secondary pre-
vention have been generally accepted for some years. No recent
trial evidence suggests that previous recommendations should be
substantially changed.

4.3.2 Subcutaneous implantable cardioverter
defibrillator

Subcutaneous implantable cardioverter defibrillator

Recommendations Classa Levelb Ref.c

Subcutaneous defibrillators should
be considered as an alternative to
transvenous defibrillators in patients
with an indication for an ICD when
pacing therapy for bradycardia
support, cardiac resynchronization
or antitachycardia pacing is not
needed.

IIa C
157,
158

The subcutaneous ICD may be
considered as a useful alternative
to the transvenous ICD system when
venous access is difficult, after the
removal of a transvenous ICD for
infections or in young patients
with a long-term need for ICD
therapy.

IIb C
This

panel of
experts

ICD ¼ implantable cardioverter defibrillator.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Problems with access to the heart via the vascular system and
recurring problems with transvenous leads prompted the de-
velopment of a subcutaneous defibrillator with an electrode sys-
tem that is placed entirely subcutaneously, outside the thoracic
cavity. The system consists of three electrodes: the ICD can, a
distal electrode on the defibrillator lead and a proximal electrode
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reduce mortality by !35% and have anti-ischaemic properties,
which lead to specific anti-arrhythmic effects, and these agents spe-
cifically reduce the incidence of sudden death.8 Recent data from
the Beta-Blockers in Heart Failure Collaborative Group have chal-
lenged the clinical assumption that beta-blockers improve the prog-
nosis in patients with HF and AF and they advocate that clinicians
should choose therapy for this subgroup of patients with HF accord-
ingly.306 To further explore this provocative observation, the
authors stated that ‘trial data specifically in patients with HF and
AF are urgently needed and eagerly anticipated’.307

MRAs reduce mortality and reduce rates of sudden death in
patients with HF who are already receiving ACE inhibitors and beta-
blocker therapy.143,308,309 In the most recent trial involving eplere-
none, 20% of patients also had an implanted device (ICD or CRT),
but the drug was equally effective in patients with as in those without
device therapy.309 This beneficial effect of MRAs on the incidence of
SCD in patients with LV systolic dysfunction was confirmed by a
meta-analysis of six studies showing patients treated with MRAs
had 23% lower odds of experiencing SCD compared with controls
[OR 0.77 (95% CI 0.66, 0.89), P ¼ 0.001].310 Diuretics and digoxin
are still used by many patients with HF, but they do not reduce rates
of all-causemortality or sudden death. Angiotensin receptor blockers
and ivabradine are only recommended in subgroups of patients with
HF.8 Amiodarone does not affect outcome in patients with HF,132 and
given its high incidence of drug toxicity,8 it is not recommended for
general use in these patients. However, in cases of symptomatic ven-
tricular (tachy-)arrhythmias in patients with HF (e.g. those suffering
from defibrillator shocks or from non-sustained VAs causing symp-
toms), amiodarone is the anti-arrhythmic agent of choice because it
does not worsen outcome.132 Other anti-arrhythmic drugs are not
recommended in patients with HF because of safety concerns.8

In the past 10 years there has been increased awareness that
many patients who have signs and symptoms of HF have a normal
or preserved ejection fraction (HFpEF).8,311 Many of the therapies
that improve survival in HF with reduced ejection fraction (HFrEF)
are less effective in HFpEF. A relatively high proportion of these pa-
tients have non-cardiovascular co-morbidities, and although sudden
death is common,312 there have been no well-powered studies with
ICDs or CRT. Most large-scale drug trials in HF were conducted be-
fore the positive results from landmark trials with ICDs63,64 and
CRT313,314 became available (in 2005); the evidence from these
trials led to a powerful recommendation in the HF guidelines and
an enormous increase in their use.7,315

6.1.2 Implantable cardioverter defibrillators

Implantable cardioverter defibrillator in patients with
left ventricular dysfunction

Recommendations Classa Levelb Ref.c

ICD therapy is recommended to reduce
SCD in patients with symptomatic HF
(NYHA class II– III) and LVEF ≤35%
after ≥3 months of optimal medical
therapy who are expected to survive for
at least 1 year with good functional
status:

– Ischaemic aetiology (at least 6 weeks
after myocardial infarction).

I A 63,64

– Non-ischaemic aetiology.
I B

64,316,
317

HF ¼ heart failure; ICD ¼ implantable cardioverter defibrillator; LVEF ¼ left
ventricular ejection fraction; NYHA ¼ New York Heart Association;
SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Early studies regarding the value of ICDs in LV dysfunction were
conducted in patients with a previous cardiac arrest (i.e. secondary
prevention) or in whom additional electrophysiological criteria
were required.1 Two large trials have provided data on the primary
prevention of SCD by an ICD in patients with HF and reduced LVEF:
the SCD-HeFT trial64 and the Multicenter Automatic Defibrillator
Implantation Trial II (MADIT-II).63,318 In the SCD-HeFT, use of an
ICDwas associated with a 23% decreased risk of death [hazard ratio
(HR) 0.77 (95% CI 0.62, 0.96), P ¼ 0.007] and an absolute decrease
in mortality of 7% after 5 years (from 29 to 22%). There was a 60%
reduction in sudden death in the ICD arm.319 The effect on all-cause
mortality did not vary according to ischaemic or non-ischaemic
causes of HF, but there was a difference according to NYHA class:
ICDs were very effective in class II patients but had no apparent ef-
fect on mortality in class III. In MADIT-II, patients in the ICD group
had a decrease of 31% in all-cause mortality [HR 0.69 (95% CI 0.51,
0.93), P ¼ 0.016], and a later analysis from this study showed that
the benefit of ICDs in this population was time dependent,318

with a larger benefit in patients whose index myocardial infarction
was more remote from randomization.

While there are more data to support the use of ICDs in survivors
of a myocardial infarction (i.e. ischaemic aetiology), in HFrEF patients
with non-ischaemic aetiologies a reduction in all-cause mortality and
arrhythmic mortality is supported as well. In theDEFibrillator InNon-
Ischemic cardiomyopathy treatment Evaluation (DEFINITE) trial,316 a
trend in mortality reduction was observed in the ICD group [HR 0.65
(95% CI 0.40, 1.06), P ¼ 0.08], while sudden cardiac death was signifi-
cantly reduced [HR 0.20 (95% CI 0.06, 0.71), P ¼ 0.006]. In the
SCD-HeFT trial,63 a trend in reduction of all-cause death [HR 0.73
(95%CI 0.50, 1.07), P ¼ 0.06] was observed in patients without a pre-
vious infarction (and non-ischaemic HF). In the same trial also for
patients with ischaemic aetiology, there was only a trend in the re-
duction of all-cause death [HR 0.79 (95% CI 0.60, 1.04), P ¼ 0.05],
suggesting that the two subgroups were probably too small to reach
statistical significance.63 Accordingly, a meta-analysis by Desai et al.317

of five primary prevention trials enrolling 1854 patients with non-
ischaemic HF, use of an ICD was associated with a significant 31% re-
duction in total mortality [HR 0.69 (95% CI 0.55, 0.87), P ¼ 0.002].
ICD therapy is not recommended in patients with end-stage
(NYHA class IV) HF and in other patients who have an estimated
life expectancy of ,1 year.

Currently there are no RCTs demonstrating the value of an ICD in
asymptomatic patients (NYHAclass I) with systolic dysfunction (LVEF
≤35–40%) or in patients with HF and preserved LVEF.40–45%, so
ICDs are not recommended for primary prevention in these patients.
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reduce mortality by !35% and have anti-ischaemic properties,
which lead to specific anti-arrhythmic effects, and these agents spe-
cifically reduce the incidence of sudden death.8 Recent data from
the Beta-Blockers in Heart Failure Collaborative Group have chal-
lenged the clinical assumption that beta-blockers improve the prog-
nosis in patients with HF and AF and they advocate that clinicians
should choose therapy for this subgroup of patients with HF accord-
ingly.306 To further explore this provocative observation, the
authors stated that ‘trial data specifically in patients with HF and
AF are urgently needed and eagerly anticipated’.307

MRAs reduce mortality and reduce rates of sudden death in
patients with HF who are already receiving ACE inhibitors and beta-
blocker therapy.143,308,309 In the most recent trial involving eplere-
none, 20% of patients also had an implanted device (ICD or CRT),
but the drug was equally effective in patients with as in those without
device therapy.309 This beneficial effect of MRAs on the incidence of
SCD in patients with LV systolic dysfunction was confirmed by a
meta-analysis of six studies showing patients treated with MRAs
had 23% lower odds of experiencing SCD compared with controls
[OR 0.77 (95% CI 0.66, 0.89), P ¼ 0.001].310 Diuretics and digoxin
are still used by many patients with HF, but they do not reduce rates
of all-causemortality or sudden death. Angiotensin receptor blockers
and ivabradine are only recommended in subgroups of patients with
HF.8 Amiodarone does not affect outcome in patients with HF,132 and
given its high incidence of drug toxicity,8 it is not recommended for
general use in these patients. However, in cases of symptomatic ven-
tricular (tachy-)arrhythmias in patients with HF (e.g. those suffering
from defibrillator shocks or from non-sustained VAs causing symp-
toms), amiodarone is the anti-arrhythmic agent of choice because it
does not worsen outcome.132 Other anti-arrhythmic drugs are not
recommended in patients with HF because of safety concerns.8

In the past 10 years there has been increased awareness that
many patients who have signs and symptoms of HF have a normal
or preserved ejection fraction (HFpEF).8,311 Many of the therapies
that improve survival in HF with reduced ejection fraction (HFrEF)
are less effective in HFpEF. A relatively high proportion of these pa-
tients have non-cardiovascular co-morbidities, and although sudden
death is common,312 there have been no well-powered studies with
ICDs or CRT. Most large-scale drug trials in HF were conducted be-
fore the positive results from landmark trials with ICDs63,64 and
CRT313,314 became available (in 2005); the evidence from these
trials led to a powerful recommendation in the HF guidelines and
an enormous increase in their use.7,315

6.1.2 Implantable cardioverter defibrillators

Implantable cardioverter defibrillator in patients with
left ventricular dysfunction

Recommendations Classa Levelb Ref.c

ICD therapy is recommended to reduce
SCD in patients with symptomatic HF
(NYHA class II– III) and LVEF ≤35%
after ≥3 months of optimal medical
therapy who are expected to survive for
at least 1 year with good functional
status:

– Ischaemic aetiology (at least 6 weeks
after myocardial infarction).

I A 63,64

– Non-ischaemic aetiology.
I B

64,316,
317

HF ¼ heart failure; ICD ¼ implantable cardioverter defibrillator; LVEF ¼ left
ventricular ejection fraction; NYHA ¼ New York Heart Association;
SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Early studies regarding the value of ICDs in LV dysfunction were
conducted in patients with a previous cardiac arrest (i.e. secondary
prevention) or in whom additional electrophysiological criteria
were required.1 Two large trials have provided data on the primary
prevention of SCD by an ICD in patients with HF and reduced LVEF:
the SCD-HeFT trial64 and the Multicenter Automatic Defibrillator
Implantation Trial II (MADIT-II).63,318 In the SCD-HeFT, use of an
ICDwas associated with a 23% decreased risk of death [hazard ratio
(HR) 0.77 (95% CI 0.62, 0.96), P ¼ 0.007] and an absolute decrease
in mortality of 7% after 5 years (from 29 to 22%). There was a 60%
reduction in sudden death in the ICD arm.319 The effect on all-cause
mortality did not vary according to ischaemic or non-ischaemic
causes of HF, but there was a difference according to NYHA class:
ICDs were very effective in class II patients but had no apparent ef-
fect on mortality in class III. In MADIT-II, patients in the ICD group
had a decrease of 31% in all-cause mortality [HR 0.69 (95% CI 0.51,
0.93), P ¼ 0.016], and a later analysis from this study showed that
the benefit of ICDs in this population was time dependent,318

with a larger benefit in patients whose index myocardial infarction
was more remote from randomization.

While there are more data to support the use of ICDs in survivors
of a myocardial infarction (i.e. ischaemic aetiology), in HFrEF patients
with non-ischaemic aetiologies a reduction in all-cause mortality and
arrhythmic mortality is supported as well. In theDEFibrillator InNon-
Ischemic cardiomyopathy treatment Evaluation (DEFINITE) trial,316 a
trend in mortality reduction was observed in the ICD group [HR 0.65
(95% CI 0.40, 1.06), P ¼ 0.08], while sudden cardiac death was signifi-
cantly reduced [HR 0.20 (95% CI 0.06, 0.71), P ¼ 0.006]. In the
SCD-HeFT trial,63 a trend in reduction of all-cause death [HR 0.73
(95%CI 0.50, 1.07), P ¼ 0.06] was observed in patients without a pre-
vious infarction (and non-ischaemic HF). In the same trial also for
patients with ischaemic aetiology, there was only a trend in the re-
duction of all-cause death [HR 0.79 (95% CI 0.60, 1.04), P ¼ 0.05],
suggesting that the two subgroups were probably too small to reach
statistical significance.63 Accordingly, a meta-analysis by Desai et al.317

of five primary prevention trials enrolling 1854 patients with non-
ischaemic HF, use of an ICD was associated with a significant 31% re-
duction in total mortality [HR 0.69 (95% CI 0.55, 0.87), P ¼ 0.002].
ICD therapy is not recommended in patients with end-stage
(NYHA class IV) HF and in other patients who have an estimated
life expectancy of ,1 year.

Currently there are no RCTs demonstrating the value of an ICD in
asymptomatic patients (NYHAclass I) with systolic dysfunction (LVEF
≤35–40%) or in patients with HF and preserved LVEF.40–45%, so
ICDs are not recommended for primary prevention in these patients.
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Asymptomatic

• Currently there are no RCTs demonstrating 
the value of an ICD in asymptomatic 
patients (NYHA class I) with systolic 
dysfunction (LVEF ≤35–40%)
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undergone AV junction ablation is similar to that observed in pa-
tients in sinus rhythm.333 In summary, CRT can be considered in pa-
tients with HF, permanent AF and LVEF ≤35% if (i) ventricular
pacing is required or the patient otherwise meets CRT criteria
and (ii) near 100% ventricular pacing is achieved with CRT with
AV junction ablation or pharmacological rate control (class 2A–B
level of recommendation).

6.1.4.2 Heart failure with reduced left ventricular ejection fraction but
mild symptoms (New York Heart Association class II)

Table C. Cardiac resynchronization therapy
defibrillatora in the primary prevention of sudden
death in patients in sinus rhythm with mild (New York
Heart Association class II) heart failure

Recommendations Classb Levelc Ref.d

CRT-D is recommended to reduce
all-cause mortality in patients with a
QRS duration ≥130 ms, with an LVEF
≤30% and with LBBB despite at least
3 months of optimal pharmacological
therapy who are expected to survive
at least 1 year with good functional
status.

I A

148,
322,
323,
325,
327,
329

CRT-D may be considered to prevent
hospitalization for HF in patients with a
QRS duration ≥150 ms, irrespective of
QRS morphology, and an LVEF ≤35%
despite at least 3 months of optimal
pharmacological therapy who are
expected to survive at least 1 year with
good functional status.

IIb A

148,
327–
329,
334

CRT-D ¼ cardiac resynchronization therapy defibrillator; HF ¼ heart failure;
LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction; ms ¼
milliseconds.
aThese recommendations refer specifically to CRT-D, since studies on the effect
of resynchronization in patients with NYHA class II only used CRT-D.
bClass of recommendation.
cLevel of evidence.
dReference(s) supporting recommendations.

Two controlled trials randomized 3618 patients with mild HF to op-
timal pharmacological therapy plus an ICD or optimal pharmaco-
logical treatment plus CRT-D.327,329

TheMADIT-CRT study329 enrolled 1820 patients whoweremildly
symptomatic (NYHA class I or II) and who had an LVEF ≤30% with a
QRS duration≥130 ms. The initial report showed a 34% reduction in
the primary endpoint of all-cause death orHF events [25.3% vs. 17.2%
for ICD vs. CRT-D; HR 0.66 (95%CI 0.52, 0.84), P ¼ 0.001]. In a long-
term follow-up report from MADIT-CRT (mean follow-up of 7
years),148 CRT-D significantly reduced mortality [HR 0.59 (95% CI
0.43, 0.80), P, 0.001] compared with ICD only, which, however,
was confined to patients with LBBB at baseline, while no beneficial ef-
fect was observed in those without LBBB (P, 0.001 for interaction)
(Table C in this section).
The RAFT trial327 enrolled 1798 patients with mild to moderate HF

(NYHA class II or III), LVEF ≤30% and a QRS duration ≥120 ms (or a
paced QRS duration ≥200 ms). Compared with patients with an ICD

alone, the CRT-D group showed a 25% RR reduction in all-causemor-
tality [HR 0.75 (95% CI 0.62, 0.91), P ¼ 0.003], substantiating the sys-
tematic use of CRT therapy in HFrEF patients with mild symptoms.

6.2 Premature ventricular complexes in
patients with structural heart disease/left
ventricular dysfunction

Treatment of patients with left ventricular dysfunction
and premature ventricular complex

Recommendations Classa Levelb Ref.c

In patients with frequent symptomatic
PVC or NSVT:

– Amiodarone should be considered. IIa B 64

– Catheter ablation should be
considered.

IIa B
341–
343

Catheter ablation should be considered
in patients with LV dysfunction
associated with PVCs.

IIa B
341–
343

LV ¼ left ventricular; NSVT ¼ non-sustained ventricular tachycardia; PVC ¼
premature ventricular complex.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

PVCs and runs of NSVT are common in patients with LV dysfunction
and may be the consequence or cause of LV dysfunction. PVCs and
runs of NSVT in subjects with structural heart disease contribute to
an increased mortality risk, and .10 PVCs per hour or runs of
NSVT are an acceptable marker of increased risk.344 If patients
are symptomatic due to PVCs or NSVTs, or if PVCs or NSVTs con-
tribute to reduced LVEF (‘tachycardia-induced cardiomyopathy’),
amiodarone or catheter ablation should be considered.

A high PVC burden (.24%) in patients with LV dysfunction and a
rather short coupling interval of the PVCs (,300 ms) suggest
PVC-induced cardiomyopathy.342 In such patients, catheter ablation
can suppress PVCs and restore LV function.341

6.3 Sustained ventricular tachycardia
6.3.1 Drug therapy

Treatment of patients with left ventricular dysfunction
and sustained recurrent monomorphic ventricular
tachycardia

Recommendations Classa Levelb Ref.c

Optimization of HF medication
according to current HF guidelines is
recommended in patients with LV
dysfunction and sustained VT.

I C 8
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Conclusions

• biventricular pacing provides 
superior ventricular- rate support, 
as compared with traditional right 
ventricular apical pacing,
- in patients with atrioventricular 
block, 
-mild-to-moderate heart failure, 
-and abnormal left ventricular 
systolic function 33
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             Complications

•pneumothorax (1.7% in the CRT–ICD group and 0.8% 
in the ICD-only group),

• infection (1.1% in the CRT–ICD group and 0.7% in the 
ICD-only group), 

•and pocket hematoma requiring evacuation (3.3% in 
the CRT–ICD group and 2.5% in the ICD-only group). 

• coronary venous dissection with pericardial effusion 
occurred in 5 patients (0.5%),

34
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ICD: significantly reduces mortality compared to 
anti-arrhythmic drugs in highest risk VT/VF 

patients

Drugs have a limited role in reducing death  due 
to SCA in highest risk VT/VF patients

The AVID Investigators. N Engl J Med. 1997;337:1576-83.
Kuck K. Circ.2000;102:748-54.
Connolly S. Circ. 2000;101:1297-1302.

Thursday, July 21, 2016



ICD: significantly reduces mortality compared 
to anti-arrhythmic drugs in high risk post MI, 

low EF patients & HF patients

Drugs have a limited role in reducing death  due to SCA in HF 
patients  & post MI, low EF patients

Moss AJ. N Engl J Med. 1996;335:1933-40.
Buxton AE. N Engl J Med. 1999;341:1882-90.
Moss AF. N Engl J Med. 2002;346:877-83.
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Strategies For Shock Reduction660  Circulation  August 6, 2013

intervals must be shorter than the rate cutoff; this strategy per-
mits some of the highly amplitude-variable VF electrograms 
to drop out without hampering detection. Detection duration 
is shorter in the VF zone because of potential hemodynamic 
instability with delay to therapy.

Recognition of population-based arrhythmia characteristics 
informs optimal programming. In contrast to patients with 
a secondary prevention indication, recipients of an ICD for 

primary prevention with predominantly ischemic or dilated 
cardiomyopathy have a shorter VT cycle length (303±54 ver-
sus 366±71 ms) and a longer inappropriately detected supra-
ventricular arrhythmia cycle length (363±70 versus 323±75 
ms; Figure 2A).15 The observation that primary prevention 
patients experience faster VTs with rates less likely to overlap 
SVT than secondary prevention patients permits the program-
ming of faster VT rate cutoffs, which minimizes the number of 

Figure 1. Overview of detec-
tion and treatment of ventricu-
lar arrhythmia by implantable 
cardioverter-defibrillator (ICD). 
The detection and treatment 
of ventricular arrhythmia by 
an ICD involves a sequence of 
events that provide opportuni-
ties to prevent unnecessary 
shocks using appropriate 
programming. SVT indicates 
supraventricular tachycardia; 
and VT, ventricular tachycardia.

Figure 2. Programming of therapy zones based 
on arrhythmia characteristics in patients in whom 
an implantable cardioverter-defibrillator (ICD) was 
implanted for primary and secondary prevention.  
A, Rates of ventricular and supraventricular arrhyth-
mias detected in patients in whom an ICD was 
implanted for primary and secondary prevention. 
Reproduced from Wilkoff et al15 with permission of 
the publisher. Copyright © 2004, Wiley.  
B, Programming of therapy zones in primary and 
secondary prevention patients. Device program-
ming in patients with an ICD is guided by indica-
tion-based arrhythmia characteristics. Patients 
with a primary prevention indication have faster 
ventricular tachycardia (VT) and benefit from pro-
gramming high-rate zones only. Secondary preven-
tion patients have slower VT and greater overlap 
between VT and supraventricular tachycardia (SVT); 
hence, they may require programming of slower 
detection zones and benefit more from SVT-VT dis-
crimination algorithms.15

 by JENNIFER ADGEY on August 9, 2013http://circ.ahajournals.org/Downloaded from 
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have been conducted with transvenous ICD therapy. The first pa-
tients to receive defibrillators were survivors of VF or aborted car-
diac arrest. Later trials demonstrated a benefit of defibrillator
therapy in patients at risk of sudden death. ICD therapy prevents
sudden death and prolongs life in patients at high risk of sudden ar-
rhythmic death, provided that the patient does not suffer from other
conditions that limit life expectancy to ,1–2 years.146 Long-term
studies have demonstrated the efficacy of ICDs147 and cardiac re-
synchronization therapy defibrillators (CRT-Ds)148 over a mean
follow-up of 8 and 7 years, respectively.

On the other hand, defibrillators may cause complications, includ-
ing inappropriate shocks, which are especially frequent in children.149

A recent study of .3000 patients with an ICD or CRT-D found a
12-year cumulative incidence of adverse events of 20% (95% CI 18,
22) for inappropriate shock, 6% (95%CI 5, 8) for device-related infec-
tion and 17% (95% CI 14, 21) for lead failure.150

Despite the indications for ICD therapy in post-myocardial infarc-
tion patients with reduced ejection fraction, which is strongly sup-
ported by evidence-based data, a clear gap exists between
guidelines and clinical practices in several countries. A limiting factor
in the use of an ICD is its high upfront costs.

4.3.1.1 Secondary prevention of sudden cardiac death an ventricular
tachycardia

ICD for the secondary prevention of sudden cardiac
death and ventricular tachycardia

Recommendations Classa Levelb Ref.c

ICD implantation is recommended in
patients with documented VF or
haemodynamically not tolerated VT in
the absence of reversible causes or
within 48 h after myocardial infarction
who are receiving chronic optimal
medical therapy and have a reasonable
expectation of survival with a good
functional status .1 year.

I A
151–
154

ICD implantation should be considered
in patients with recurrent sustained VT
(not within 48 h after myocardial
infarction) who are receiving chronic
optimal medical therapy, have a normal
LVEF and have a reasonable expectation
of survival with good functional status
for .1 year.

IIa C
This

panel of
experts

In patients with VF/VT and an indication
for ICD, amiodarone may be considered
when an ICD is not available,
contraindicated for concurrent medical
reasons or refused by the patient.

IIb C
155,
156

ICD ¼ implantable cardioverter defibrillator; LVEF ¼ left ventricular
ejection fraction; SCD ¼ sudden cardiac death; VF ¼ ventricular fibrillation;
VT ¼ ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Three trials [Antiarrhythmic drugs Versus Implantable Defibrilla-
tor (AVID),153 Canadian Implantable Defibrillator Study
(CIDS)151 and Cardiac Arrest Study Hamburg (CASH)152] have
been conducted in patients who had suffered a cardiac arrest or
life-threatening VA (haemodynamically unstable VA or VT with
syncope) in which treatment with an ICD was compared with
anti-arrhythmic drug therapy, predominantly amiodarone. The re-
sults of all three trials were consistent, although only one showed
a statistically significant reduction in the rate of total mortality; the
ICD reduced rates of arrhythmic mortality in both the AVID and
CASH trials. A meta-analysis of the three trials demonstrated
that ICD therapy was associated with a 50% (95% CI 0.37, 0.67;
P ¼ 0.0001) reduction in arrhythmic mortality and a 28% (95%
CI 0.60, 0.87; P ¼ 0.006) reduction in total mortality (Web
Table 5).154 An analysis of the AVID trial results clearly demon-
strated that the benefit was confined primarily to patients with
an LVEF between 20 and 34%.153 The therapy is moderately
cost effective and guidelines for use of ICDs for secondary pre-
vention have been generally accepted for some years. No recent
trial evidence suggests that previous recommendations should be
substantially changed.

4.3.2 Subcutaneous implantable cardioverter
defibrillator

Subcutaneous implantable cardioverter defibrillator

Recommendations Classa Levelb Ref.c

Subcutaneous defibrillators should
be considered as an alternative to
transvenous defibrillators in patients
with an indication for an ICD when
pacing therapy for bradycardia
support, cardiac resynchronization
or antitachycardia pacing is not
needed.

IIa C
157,
158

The subcutaneous ICD may be
considered as a useful alternative
to the transvenous ICD system when
venous access is difficult, after the
removal of a transvenous ICD for
infections or in young patients
with a long-term need for ICD
therapy.

IIb C
This

panel of
experts

ICD ¼ implantable cardioverter defibrillator.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Problems with access to the heart via the vascular system and
recurring problems with transvenous leads prompted the de-
velopment of a subcutaneous defibrillator with an electrode sys-
tem that is placed entirely subcutaneously, outside the thoracic
cavity. The system consists of three electrodes: the ICD can, a
distal electrode on the defibrillator lead and a proximal electrode
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reduce mortality by !35% and have anti-ischaemic properties,
which lead to specific anti-arrhythmic effects, and these agents spe-
cifically reduce the incidence of sudden death.8 Recent data from
the Beta-Blockers in Heart Failure Collaborative Group have chal-
lenged the clinical assumption that beta-blockers improve the prog-
nosis in patients with HF and AF and they advocate that clinicians
should choose therapy for this subgroup of patients with HF accord-
ingly.306 To further explore this provocative observation, the
authors stated that ‘trial data specifically in patients with HF and
AF are urgently needed and eagerly anticipated’.307

MRAs reduce mortality and reduce rates of sudden death in
patients with HF who are already receiving ACE inhibitors and beta-
blocker therapy.143,308,309 In the most recent trial involving eplere-
none, 20% of patients also had an implanted device (ICD or CRT),
but the drug was equally effective in patients with as in those without
device therapy.309 This beneficial effect of MRAs on the incidence of
SCD in patients with LV systolic dysfunction was confirmed by a
meta-analysis of six studies showing patients treated with MRAs
had 23% lower odds of experiencing SCD compared with controls
[OR 0.77 (95% CI 0.66, 0.89), P ¼ 0.001].310 Diuretics and digoxin
are still used by many patients with HF, but they do not reduce rates
of all-causemortality or sudden death. Angiotensin receptor blockers
and ivabradine are only recommended in subgroups of patients with
HF.8 Amiodarone does not affect outcome in patients with HF,132 and
given its high incidence of drug toxicity,8 it is not recommended for
general use in these patients. However, in cases of symptomatic ven-
tricular (tachy-)arrhythmias in patients with HF (e.g. those suffering
from defibrillator shocks or from non-sustained VAs causing symp-
toms), amiodarone is the anti-arrhythmic agent of choice because it
does not worsen outcome.132 Other anti-arrhythmic drugs are not
recommended in patients with HF because of safety concerns.8

In the past 10 years there has been increased awareness that
many patients who have signs and symptoms of HF have a normal
or preserved ejection fraction (HFpEF).8,311 Many of the therapies
that improve survival in HF with reduced ejection fraction (HFrEF)
are less effective in HFpEF. A relatively high proportion of these pa-
tients have non-cardiovascular co-morbidities, and although sudden
death is common,312 there have been no well-powered studies with
ICDs or CRT. Most large-scale drug trials in HF were conducted be-
fore the positive results from landmark trials with ICDs63,64 and
CRT313,314 became available (in 2005); the evidence from these
trials led to a powerful recommendation in the HF guidelines and
an enormous increase in their use.7,315

6.1.2 Implantable cardioverter defibrillators

Implantable cardioverter defibrillator in patients with
left ventricular dysfunction

Recommendations Classa Levelb Ref.c

ICD therapy is recommended to reduce
SCD in patients with symptomatic HF
(NYHA class II– III) and LVEF ≤35%
after ≥3 months of optimal medical
therapy who are expected to survive for
at least 1 year with good functional
status:

– Ischaemic aetiology (at least 6 weeks
after myocardial infarction).

I A 63,64

– Non-ischaemic aetiology.
I B

64,316,
317

HF ¼ heart failure; ICD ¼ implantable cardioverter defibrillator; LVEF ¼ left
ventricular ejection fraction; NYHA ¼ New York Heart Association;
SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Early studies regarding the value of ICDs in LV dysfunction were
conducted in patients with a previous cardiac arrest (i.e. secondary
prevention) or in whom additional electrophysiological criteria
were required.1 Two large trials have provided data on the primary
prevention of SCD by an ICD in patients with HF and reduced LVEF:
the SCD-HeFT trial64 and the Multicenter Automatic Defibrillator
Implantation Trial II (MADIT-II).63,318 In the SCD-HeFT, use of an
ICDwas associated with a 23% decreased risk of death [hazard ratio
(HR) 0.77 (95% CI 0.62, 0.96), P ¼ 0.007] and an absolute decrease
in mortality of 7% after 5 years (from 29 to 22%). There was a 60%
reduction in sudden death in the ICD arm.319 The effect on all-cause
mortality did not vary according to ischaemic or non-ischaemic
causes of HF, but there was a difference according to NYHA class:
ICDs were very effective in class II patients but had no apparent ef-
fect on mortality in class III. In MADIT-II, patients in the ICD group
had a decrease of 31% in all-cause mortality [HR 0.69 (95% CI 0.51,
0.93), P ¼ 0.016], and a later analysis from this study showed that
the benefit of ICDs in this population was time dependent,318

with a larger benefit in patients whose index myocardial infarction
was more remote from randomization.

While there are more data to support the use of ICDs in survivors
of a myocardial infarction (i.e. ischaemic aetiology), in HFrEF patients
with non-ischaemic aetiologies a reduction in all-cause mortality and
arrhythmic mortality is supported as well. In theDEFibrillator InNon-
Ischemic cardiomyopathy treatment Evaluation (DEFINITE) trial,316 a
trend in mortality reduction was observed in the ICD group [HR 0.65
(95% CI 0.40, 1.06), P ¼ 0.08], while sudden cardiac death was signifi-
cantly reduced [HR 0.20 (95% CI 0.06, 0.71), P ¼ 0.006]. In the
SCD-HeFT trial,63 a trend in reduction of all-cause death [HR 0.73
(95%CI 0.50, 1.07), P ¼ 0.06] was observed in patients without a pre-
vious infarction (and non-ischaemic HF). In the same trial also for
patients with ischaemic aetiology, there was only a trend in the re-
duction of all-cause death [HR 0.79 (95% CI 0.60, 1.04), P ¼ 0.05],
suggesting that the two subgroups were probably too small to reach
statistical significance.63 Accordingly, a meta-analysis by Desai et al.317

of five primary prevention trials enrolling 1854 patients with non-
ischaemic HF, use of an ICD was associated with a significant 31% re-
duction in total mortality [HR 0.69 (95% CI 0.55, 0.87), P ¼ 0.002].
ICD therapy is not recommended in patients with end-stage
(NYHA class IV) HF and in other patients who have an estimated
life expectancy of ,1 year.

Currently there are no RCTs demonstrating the value of an ICD in
asymptomatic patients (NYHAclass I) with systolic dysfunction (LVEF
≤35–40%) or in patients with HF and preserved LVEF.40–45%, so
ICDs are not recommended for primary prevention in these patients.
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reduce mortality by !35% and have anti-ischaemic properties,
which lead to specific anti-arrhythmic effects, and these agents spe-
cifically reduce the incidence of sudden death.8 Recent data from
the Beta-Blockers in Heart Failure Collaborative Group have chal-
lenged the clinical assumption that beta-blockers improve the prog-
nosis in patients with HF and AF and they advocate that clinicians
should choose therapy for this subgroup of patients with HF accord-
ingly.306 To further explore this provocative observation, the
authors stated that ‘trial data specifically in patients with HF and
AF are urgently needed and eagerly anticipated’.307

MRAs reduce mortality and reduce rates of sudden death in
patients with HF who are already receiving ACE inhibitors and beta-
blocker therapy.143,308,309 In the most recent trial involving eplere-
none, 20% of patients also had an implanted device (ICD or CRT),
but the drug was equally effective in patients with as in those without
device therapy.309 This beneficial effect of MRAs on the incidence of
SCD in patients with LV systolic dysfunction was confirmed by a
meta-analysis of six studies showing patients treated with MRAs
had 23% lower odds of experiencing SCD compared with controls
[OR 0.77 (95% CI 0.66, 0.89), P ¼ 0.001].310 Diuretics and digoxin
are still used by many patients with HF, but they do not reduce rates
of all-causemortality or sudden death. Angiotensin receptor blockers
and ivabradine are only recommended in subgroups of patients with
HF.8 Amiodarone does not affect outcome in patients with HF,132 and
given its high incidence of drug toxicity,8 it is not recommended for
general use in these patients. However, in cases of symptomatic ven-
tricular (tachy-)arrhythmias in patients with HF (e.g. those suffering
from defibrillator shocks or from non-sustained VAs causing symp-
toms), amiodarone is the anti-arrhythmic agent of choice because it
does not worsen outcome.132 Other anti-arrhythmic drugs are not
recommended in patients with HF because of safety concerns.8

In the past 10 years there has been increased awareness that
many patients who have signs and symptoms of HF have a normal
or preserved ejection fraction (HFpEF).8,311 Many of the therapies
that improve survival in HF with reduced ejection fraction (HFrEF)
are less effective in HFpEF. A relatively high proportion of these pa-
tients have non-cardiovascular co-morbidities, and although sudden
death is common,312 there have been no well-powered studies with
ICDs or CRT. Most large-scale drug trials in HF were conducted be-
fore the positive results from landmark trials with ICDs63,64 and
CRT313,314 became available (in 2005); the evidence from these
trials led to a powerful recommendation in the HF guidelines and
an enormous increase in their use.7,315

6.1.2 Implantable cardioverter defibrillators

Implantable cardioverter defibrillator in patients with
left ventricular dysfunction

Recommendations Classa Levelb Ref.c

ICD therapy is recommended to reduce
SCD in patients with symptomatic HF
(NYHA class II– III) and LVEF ≤35%
after ≥3 months of optimal medical
therapy who are expected to survive for
at least 1 year with good functional
status:

– Ischaemic aetiology (at least 6 weeks
after myocardial infarction).

I A 63,64

– Non-ischaemic aetiology.
I B

64,316,
317

HF ¼ heart failure; ICD ¼ implantable cardioverter defibrillator; LVEF ¼ left
ventricular ejection fraction; NYHA ¼ New York Heart Association;
SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Early studies regarding the value of ICDs in LV dysfunction were
conducted in patients with a previous cardiac arrest (i.e. secondary
prevention) or in whom additional electrophysiological criteria
were required.1 Two large trials have provided data on the primary
prevention of SCD by an ICD in patients with HF and reduced LVEF:
the SCD-HeFT trial64 and the Multicenter Automatic Defibrillator
Implantation Trial II (MADIT-II).63,318 In the SCD-HeFT, use of an
ICDwas associated with a 23% decreased risk of death [hazard ratio
(HR) 0.77 (95% CI 0.62, 0.96), P ¼ 0.007] and an absolute decrease
in mortality of 7% after 5 years (from 29 to 22%). There was a 60%
reduction in sudden death in the ICD arm.319 The effect on all-cause
mortality did not vary according to ischaemic or non-ischaemic
causes of HF, but there was a difference according to NYHA class:
ICDs were very effective in class II patients but had no apparent ef-
fect on mortality in class III. In MADIT-II, patients in the ICD group
had a decrease of 31% in all-cause mortality [HR 0.69 (95% CI 0.51,
0.93), P ¼ 0.016], and a later analysis from this study showed that
the benefit of ICDs in this population was time dependent,318

with a larger benefit in patients whose index myocardial infarction
was more remote from randomization.

While there are more data to support the use of ICDs in survivors
of a myocardial infarction (i.e. ischaemic aetiology), in HFrEF patients
with non-ischaemic aetiologies a reduction in all-cause mortality and
arrhythmic mortality is supported as well. In theDEFibrillator InNon-
Ischemic cardiomyopathy treatment Evaluation (DEFINITE) trial,316 a
trend in mortality reduction was observed in the ICD group [HR 0.65
(95% CI 0.40, 1.06), P ¼ 0.08], while sudden cardiac death was signifi-
cantly reduced [HR 0.20 (95% CI 0.06, 0.71), P ¼ 0.006]. In the
SCD-HeFT trial,63 a trend in reduction of all-cause death [HR 0.73
(95%CI 0.50, 1.07), P ¼ 0.06] was observed in patients without a pre-
vious infarction (and non-ischaemic HF). In the same trial also for
patients with ischaemic aetiology, there was only a trend in the re-
duction of all-cause death [HR 0.79 (95% CI 0.60, 1.04), P ¼ 0.05],
suggesting that the two subgroups were probably too small to reach
statistical significance.63 Accordingly, a meta-analysis by Desai et al.317

of five primary prevention trials enrolling 1854 patients with non-
ischaemic HF, use of an ICD was associated with a significant 31% re-
duction in total mortality [HR 0.69 (95% CI 0.55, 0.87), P ¼ 0.002].
ICD therapy is not recommended in patients with end-stage
(NYHA class IV) HF and in other patients who have an estimated
life expectancy of ,1 year.

Currently there are no RCTs demonstrating the value of an ICD in
asymptomatic patients (NYHAclass I) with systolic dysfunction (LVEF
≤35–40%) or in patients with HF and preserved LVEF.40–45%, so
ICDs are not recommended for primary prevention in these patients.
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Asymptomatic

• Currently there are no RCTs demonstrating 
the value of an ICD in asymptomatic 
patients (NYHA class I) with systolic 
dysfunction (LVEF ≤35–40%)
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undergone AV junction ablation is similar to that observed in pa-
tients in sinus rhythm.333 In summary, CRT can be considered in pa-
tients with HF, permanent AF and LVEF ≤35% if (i) ventricular
pacing is required or the patient otherwise meets CRT criteria
and (ii) near 100% ventricular pacing is achieved with CRT with
AV junction ablation or pharmacological rate control (class 2A–B
level of recommendation).

6.1.4.2 Heart failure with reduced left ventricular ejection fraction but
mild symptoms (New York Heart Association class II)

Table C. Cardiac resynchronization therapy
defibrillatora in the primary prevention of sudden
death in patients in sinus rhythm with mild (New York
Heart Association class II) heart failure

Recommendations Classb Levelc Ref.d

CRT-D is recommended to reduce
all-cause mortality in patients with a
QRS duration ≥130 ms, with an LVEF
≤30% and with LBBB despite at least
3 months of optimal pharmacological
therapy who are expected to survive
at least 1 year with good functional
status.

I A

148,
322,
323,
325,
327,
329

CRT-D may be considered to prevent
hospitalization for HF in patients with a
QRS duration ≥150 ms, irrespective of
QRS morphology, and an LVEF ≤35%
despite at least 3 months of optimal
pharmacological therapy who are
expected to survive at least 1 year with
good functional status.

IIb A

148,
327–
329,
334

CRT-D ¼ cardiac resynchronization therapy defibrillator; HF ¼ heart failure;
LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction; ms ¼
milliseconds.
aThese recommendations refer specifically to CRT-D, since studies on the effect
of resynchronization in patients with NYHA class II only used CRT-D.
bClass of recommendation.
cLevel of evidence.
dReference(s) supporting recommendations.

Two controlled trials randomized 3618 patients with mild HF to op-
timal pharmacological therapy plus an ICD or optimal pharmaco-
logical treatment plus CRT-D.327,329

TheMADIT-CRT study329 enrolled 1820 patients whoweremildly
symptomatic (NYHA class I or II) and who had an LVEF ≤30% with a
QRS duration≥130 ms. The initial report showed a 34% reduction in
the primary endpoint of all-cause death orHF events [25.3% vs. 17.2%
for ICD vs. CRT-D; HR 0.66 (95%CI 0.52, 0.84), P ¼ 0.001]. In a long-
term follow-up report from MADIT-CRT (mean follow-up of 7
years),148 CRT-D significantly reduced mortality [HR 0.59 (95% CI
0.43, 0.80), P, 0.001] compared with ICD only, which, however,
was confined to patients with LBBB at baseline, while no beneficial ef-
fect was observed in those without LBBB (P, 0.001 for interaction)
(Table C in this section).
The RAFT trial327 enrolled 1798 patients with mild to moderate HF

(NYHA class II or III), LVEF ≤30% and a QRS duration ≥120 ms (or a
paced QRS duration ≥200 ms). Compared with patients with an ICD

alone, the CRT-D group showed a 25% RR reduction in all-causemor-
tality [HR 0.75 (95% CI 0.62, 0.91), P ¼ 0.003], substantiating the sys-
tematic use of CRT therapy in HFrEF patients with mild symptoms.

6.2 Premature ventricular complexes in
patients with structural heart disease/left
ventricular dysfunction

Treatment of patients with left ventricular dysfunction
and premature ventricular complex

Recommendations Classa Levelb Ref.c

In patients with frequent symptomatic
PVC or NSVT:

– Amiodarone should be considered. IIa B 64

– Catheter ablation should be
considered.

IIa B
341–
343

Catheter ablation should be considered
in patients with LV dysfunction
associated with PVCs.

IIa B
341–
343

LV ¼ left ventricular; NSVT ¼ non-sustained ventricular tachycardia; PVC ¼
premature ventricular complex.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

PVCs and runs of NSVT are common in patients with LV dysfunction
and may be the consequence or cause of LV dysfunction. PVCs and
runs of NSVT in subjects with structural heart disease contribute to
an increased mortality risk, and .10 PVCs per hour or runs of
NSVT are an acceptable marker of increased risk.344 If patients
are symptomatic due to PVCs or NSVTs, or if PVCs or NSVTs con-
tribute to reduced LVEF (‘tachycardia-induced cardiomyopathy’),
amiodarone or catheter ablation should be considered.

A high PVC burden (.24%) in patients with LV dysfunction and a
rather short coupling interval of the PVCs (,300 ms) suggest
PVC-induced cardiomyopathy.342 In such patients, catheter ablation
can suppress PVCs and restore LV function.341

6.3 Sustained ventricular tachycardia
6.3.1 Drug therapy

Treatment of patients with left ventricular dysfunction
and sustained recurrent monomorphic ventricular
tachycardia

Recommendations Classa Levelb Ref.c

Optimization of HF medication
according to current HF guidelines is
recommended in patients with LV
dysfunction and sustained VT.

I C 8
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New( Standard)Technology

• Optival Fluid measurement

• Adaptive LV pacing

43

Thursday, July 21, 2016



PMK Cardiology ReviewPMK Cardiology Review

Scope of presentation

• Natural history of heart failure

• Primary and secondary prevention

• ICD and its indication

• CRT and its indication
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