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Background 



Criteria of CRT response 

 Clinical endpoints: 

 Improved clinical status: NYHA class ≥1 decrease 

 Objective exercise capacity 

 Remodeling endpoints: 

 Decrease in LV end-systolic volume: ≥15% 

 Increase in LV ejection fraction: ≥5~20% 

 

  at 6 months or 12 months 

Previously used criteria 



Long term effect of CRT on LV reverse-remodeling 

Long term left ventricular reverse remodeling with cardiac resynchronization therapy: results from the CARE-HF trial.  

Eur J Heart Fail. 2009 



Late responders & late non-responders 

Volumetric response beyond six months of cardiac resynchronization therapy and clinical outcome.  Plos One. 2015 



QRS duration shortening and response to CRT 

QRS duration shortening predicts left ventricular reverse remodelling in patients with dilated cardiomyopathy after 

cardiac resynchronization therapy. Acta Cardiol 2015;70 

Shortening of QRS duration may vary over time after CRT  



Study purpose 

Investigate clinical characteristics and long term 

outcome of late responders to CRT 

Analyze association between serial QRS duration 

change and the late response to CRT 



Method 



Patient selection 

 Retrospective, single center study. 

 One year survivors among patients who received CRT in Seoul St. Mary’s 

hospital between February 2006 ~ March 2015  

 Indication of CRT 

 Drug-refractory  symptomatic heart failure (EF<35%, NYHA≥3) 

 QRS duration  ≥ 120ms 

 Exclusion:  

 7 patients:  missing data of echocardiogram at pre-implant or after one year  

 One patient with LV lead failure 

 Final study group:  N = 32  



Response criteria 

 LV end-systolic volume (ESV) decrease ≥15% 

                        or 

 LV ejection fraction (EF) increase ≥10% 

  On any follow up echocardiogram after CRT implantation 

 

 Early responder: Positive response ≤ 1 year 

 Late responder: Positive response > 1 year 

 Non-responder: No response on any follow up echocardiogram 



Echocardiography & ECG changes 

 Serial echocardiographic changes:  

 LVESV and LVEF (biplane simpson’s method) 

 

 Serial QRS duration changes in 12-lead ECG 

 Maximal QRS duration in any lead: from the first to the last 

sharp vector crossing the isoelectric line 

 



Outcome Analysis 

 Clinical outcomes 

 Incidence of all-cause death 

 Incidence of heart failure events requiring hospitalization 

Signs and symptoms of congestion requiring intravenous 

diuretics 

 



Result 



17 (53%) 

9 (28%) 

6 (19%) 

Response Group 

Early Responders

Late Responders

Non-Responders



Baseline characteristics 

Total n=32 
Early Responders 

(n=17) 

Late Responders 

(n=9) 

Non-Responders 

(n=6) p 

Age, years 70 (65.5-76.0) 64 (57.0-69.0) 68 (58.7-71.7) 0.151 

Male, n(%) 7 (41.2%) 4 (44.4%) 3 (50%) 0.931 

ICMP, n(%) 3 (17.6%) 2 (22.2%) 1 (16.7%) 0.557 

Hypertension, n(%) 5 (29.4%) 6 (66.7%) 3 (50%) 0.179 

Diabetes, n(%) 4 (23.5%) 5 (55.6%) 3 (50%) 0.216 

Coronary artery disease, 

n(%) 

6 (35.3%) 3 (33.3%) 2 (33.3%) 0.993 

Chronic kidney disease, 

n(%) 

2 (11.8%) 2 (22.2%) 3 (50%) 0.150 

Stroke, n(%) 1 (5.9%) 0 1 (16.7%) 0.424 



Early Responders Late Responders Non-Responders p 

Baseline ECG findings 

  Typical LBBB, n (%)*  11/12 (91.7%) 5/8 (62.5%) 4/5 (75%) 0.279 

  QRS duration(ms) 174 (156-192) 157 (140-168) 153 (132-164) 0.059 

Echocardiographic           

parameters 

  LVESV, mL 158.0 (109.8-194.0) 134.0 (100.7-182.0) 187.5 (167.0-192.0) 0.183 

  LVEF, % 24.0 (18.0-29.0) 27.5 (22.4-29.0) 20.5 (17.0-25.0) 0.189 

Pro-BNP, pg/mL 2203 (1411-8362) 1590 (785-5371) 2804 (2346-7176) 0.650 

*Excluded patients having paced rhythm at baseline 



Changes in LVESV 

* p<0.05 vs. baseline  

for the group 



Changes in LVEF 

* p<0.05 vs. baseline  

for the group 



Changes in QRS duration 

* p<0.05 vs. baseline  

for the group 



ECG in a late responder 

Post CRT (one day) 

After two year 



Outcomes 

Early Responders Late Responders Non-Responders p 

Death or heart failure       

hospitalization, n(%) 
4 (23.5%) 3 (33.3%) 4 (66.7%) 0.160 

  Overall death 1(5.9%) 1 (11.1%) 2 (33.3%) 0.215 

  Any heart failure  

  hospitalization 
4 (23.5%) 3 (33.3%) 4 (66.7%) 0.160 

Number of heart failure 

hospitalizations per year 
0 (0-0.06) 0 (0-0.19) 0.67 (0-0.81) 0.048 



Discussion - Summary 

 Compared to early responders, the patients responding to CRT after one year 

were characterized by; 

 Relatively smaller baseline LVESV, higher baseline LVEF 

 Shorter baseline QRS duration 

 

 Effect of shortening QRS duration was maintained throughout the follow-up 

period in the late responders while QRS duration prolonged in the non-

responders. 

 The prognosis of late responders were intermediate compared to early 

responders and non-responders of CRT. 



Discussion 

 Possible explanations 

 Effect of optimization : crucial but difficult to analyze in our subjects. 

 Patients who benefit from optimization is possibly included in late-

responders. 

 Although there is no standardized protocol, it is certain that intensive 

optimization is needed in non-responders 

 Lesser degree of pre-implant LV dyssynchrony – slower remodeling  

  Baseline higher LVEF, shorter QRS duration than early responders 



Discussion 

 Limitation:  

 Small number, retrospective design. 

 Non-responders defined in the current study may show very late 

response after passing sufficient period  

 

 Clinical implication 

 Positive effect in clinical practice for initial non-responders 

 Serial QRS width would help to predict delayed response 

 Broader range of patients could be candidates for CRT 

 

 



Conclusion 

 Patients responding to CRT after one year show intermediate 

clinical outcome compared to early responders and non-

responders.  

 Long term maintenance of QRS duration shortening is an 

important feature of CRT response 
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