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Case: Patient information 

• Chief complaint: Dyspnea aggravation for several 

months 

• Present illness:  
– 03’: High BP & Hypertensive nephropathy diagnosed 

• HD start 

– 05’: Sick Sinus Syndrome was diagnosed  

• DDD type pacemaker Implantation 

– 07’ May: AF was diagnosed  

• Pacemaker mode change 

– 08’ Feb.: DOE aggravation 

• DC cardioversion, Mode change to DDD 

– 09’ Jan.: dyspnea aggravation 

• Past history    
– DM (-), BP (+), stage IV chronic kidney disease on hemodialysis 

• Social history  
– Smoking (-), alcohol (-) 

 



Initial CPA 
09.01.12 CT ratio: 82% 



Initial ECG 
09.01.12 QRS duration: 238ms 



Initial Echo 



Initial Echo 



Initial Echo 



Initial Echo 



  



Change to CRT, (LV lead 

insertion) 



F/U after 10 month 
09.11.17 QRS duration: 184ms 



F/U after 10 month 
09.06.01 09.12.02 



F/U after 10 month 

09.01.12 09.12.02 09.06.01 



F/U after 10 month 



F/U after 10 month 



F/U after 10 month 



F/U after 10 month 



F/U after 10 month 
E/E’ 39.3  20.0 



REVERSE REMODELING WITH CRT (BIV) 

in NYHA Class III-IV 

EF=0.20 EF=0.36 

NYHA III-IV NYHA II-III 

   ECG 

QRS =  0.15s QRS = 0.14s 

LV 
LV 

MI 

MI 

   CRT 



CRT 급여 기준 

• 가) (1) 심구혈률 ≤ 35%  

    (2) QRS 간격 ≥ 120ms  

    (3) Sinus Rhythm  

    (4) NYHA class III 또는 거동이 가능
한 class IV 환자  

– 3개월 이상의 적절한 약물치료 

   ※ 적절한 약물치료: (ACE 

inhibitor/Angiotensin Receptor Blocker 

+Diuretics ± Beta-blocker) 

• 나. CRT-D(CRT-Defibrillator) : CRT-P

와 ICD 기준에 모두 적합한 경우  

 



Cardiac Resynchronization 

Therapy (CRT) 

   CRT reverses the remodeling of the heart in 
cardiac patients with severe heart failure 
(NYHA class III-IV) and wide QRS resulting 
in reduced heart failure and death 

 PATH-CHF: JACC 2001 

 MUSTIC: NEJM 2001 

 MIRACLE: NEJM 2002 

 CONTAK-CD: JACC 2003 

 COMPANION: NEJM 2004 

 CARE-HF: NEJM 2005 

 



MADIT-CRT (2005-2009) 

Primary Hypothesis: in minimally 

symptomatic cardiac pts. (NYHA I/II) with 

ischemic or nonischemic cardiomyopathy, 

decreased EF, and wide QRS, CRT-D will reduce 

mortality or HF event (whichever comes first) 

when compared to ICD-only therapy.  

  

 



DYSFUNCTIONAL REMODELING 

EF=0.30 EF=0.20 

NYHA I-II NYHA III-IV 

   ECG 

Early Late 

QRS =  0.12s QRS = 0.16s 

LV LV 

MI 

MI 

Remodeling 

Can CRT prevent this? 



MADIT-CRT (2005-2009) 

Eligibility: 

 EF<0.30 

 QRS>0.13s 

 Ischemic heart disease NYHA I or II 

 Non-ischemic heart disease NYHA II 

Exclusion: 

 NYHA III/IV 

 CABG, PTCA, or MI past 3 mo. 

 Chronic AF 

 Implanted ICD, CRT, or CRT device 
  



MADIT-III: MADIT-CRT 

Hazard Ratio = 0.66 

P= 0.001 

N = 1820 

Elig: IHD or NIHD, NYHAI/II, 

         EF<0.30, QRS>130ms 

Moss AJ, et al. NEJM 2009 



Age
<65 yr

NYHA Class
Ischemic I 
Ischemia II

Nonischemic II

QRS*
<150ms
>150ms

LVEF
<0.25
>0.25

All patients

0.2    0.4   0.6    0.8   1.0   1.2    1.4    1.6

Variable Hazard Ratio

Sex*
Male
Female

<240ml

>65 yr

LVEDV

>240ml

LVESV
<170
>170

     CRT-D Better          ICD-only Better 

CRT-D:ICD Hazard Ratios for Prespecified Subgroups 

Significant Sex-Rx Interaction 

 Significant QRS-Rx Interaction 
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- 40

- 80

LVEDV LVESV LVEF     

+0.10

+0.05

0

0

- 40

- 80

0.03 vs. 0.11  in 

LVEF from baseline

ml ml

18 ml vs. 57ml  in 

LVESV from baseline

15 ml vs. 52 ml  in 

LVEDV from baseline

ICD-only CRT-D

EF

N=620         N=746

P<0.001                                 P<0.001 P<0.001

Mean Changes in Echo LV Volumes and EF  

from Baseline to 1-year by Treatment Group 

  = -37ml                           = -39ml                              = +0.08 

CRT-D therapy is associated with significant reduction in heart 

size and improvement in heart function. 



Baseline 12-Months 

MADIT-CRT: Changes in Dyssynchrony (Regional Strain) 

from Baseline to 12 Months with CRT-D 

MADIT-CRT Echo Core Lab (Dr. Scott Solomon) 



QRS Morphology in MADIT-CRT 

LBBB, 1281, 

70%

RBBB, 228, 

13%

IVCD, 306, 

17%

Non-

LBBB 

534, 30% 

 QRS Duration, ms 

IVCD  142+14 

RBBB  153+15 

LBBB  163+19 



MADIT-CRT: Outcome by LBBB & Non-LBBB 

HR=0.45  P=0.001 HR=1.25  P=0.25 



MADIT-CRT: Outcomes in LBBB & Non-LBBB 

LBBB was a consistent discriminator across multiple outcomes 

Background Overview Effectiveness Safety Conclusions Add’l Outcomes 

  0.65 (0.41, 0.99) 



MADIT-CRT: CONCLUSIONS 

• CRT reduces the risk of heart failure/death in NYHA 
class I/II pts. with low EF and wide QRS 

 

• Women obtain a significantly greater benefit from 
CRT-D than men 

 

• Improvement in cardiac substrate with CRT-D 
associated with reduction in VT/VF 

 

• Patients with LBBB obtain the best benefit from 
CRT-D with marked reduction in heart failure and 
death during 30 months of follow-up  



Current Guidelines for CRT-D 

Therapy 

• Established 

   - EF<35% 

   - NYHA III or ambulatory NYHA IV 

   - QRS>120ms 

   - sinus rhythm 

• New FDA Approval (MADIT-CRT Criteria) 

   - EF<30%, NYHA I/II, QRS>130ms, and 

           LBBB 

 



 



Distribution of Baseline LVEF Identified by the Centers 

and Measured by the Echocardiography Core Laboratory in All Patients 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



THANK YOU 


