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CASE

• M/66
• Dyspnea/DOE for 5 years 
• Hospital admissions 

 3 times/1 year
• Past History : 

 DCMP: 3 years
 Hypertension : 20 years
 Smoking : 40 pack years
 Alcohol : Social drinking

• NT-proBNP 2,717 pg/mL
• Medication

 Beta blocker, ACEI, Diuretics 

EF= 15%
LV = 75/71 mm
MR = Grade 3

Dyssynchrony of PL wall



EKG
QRS =132 ms



EKG after CRTD implantation
QRS 170 ms



Echocardiography Before CRT 2 years later
QRS duration 132 mm 170 mm
LV ejection fraction 15% 39%
LVEDD/SD 75/71 mm 67/53 mm
Mitral regurgitation Grade 3 Trivial
RVP 53 mmHg 19 mmHg

POD #2 2 years later



RV LV



2008 AHA/ACC/ESC Indication

• Class 1
 NYHA class III-IV
 QRS > 120 ms
 EF < 35%
 Refractory to Medical Therapy 
 In Sinus Rhythm

• Class 2a
 In AF or RV pacing induced



HF patients with wide QRS
- Morbidity and mortality -

• COMPANION Study
 N = 1,520 (NYHA III-IV, LVEF ≤ 35%, QRS ≥ 120 ms)
 ↓ Primary end point (death, hospitalization):

• CRT (-19%, Hazard ratio 0.81, p=0.014), 
• CRT + lCD (-20%, Hazard ratio 0.81, p=0.014)

 All cause mortality: Significant reduction in CRT + ICD

• CARE-HF Study
 N = 813 (NYHA III-IV, LVEF ≤ 35%, LV ESD ≥ 55 mm, QRS ≥ 

120 ms)
 Primary end point (death, hospitalization):

• CRT (39%), Medical (55%)
N Engl J Med 2004;350:2140-50.
N Engl J Med 2005;352:1539-49.



모든 환자가 CRT에
반응하는지?



CRT Non-responders
• Prevalence:
30% by clinical or 40% by echo response of LV 

reverse remodeling

• Definition of Non-responders:
Acute hemodynamics: +dp/dt, pulse pressure
Functional: NYHA class/ 6 MHW/ Composite 

Clinical Score
Volumetric/ Echo: LVESV, EF, SV

• Relatively lack of consensus!



Prevalence of CRT Non-reponsers: 
Hemodynamics, clinical or volumetric

Author (Year) N FU period Definition of responders No. (%) of non-
responders

Auricchio A (2002) 39 Acute ↑Pulse pressure > 5% 12/39 (31%)

Nelson GS (2000) 23 Acute ∆dp/dt ≥ 25% 6/22 (27%)

Alonso C (1999) 26 12 mo Survivor, ↓NYHA ≥1 class, 
≥ 10% VO2 max

7/26 (27%)

Reuter S (2002) 102 12 mo ↓NYHA & ↑QOL 18/102 (18%)

Abraham WT (2002) 228 
(Rx arm)

6 mo Clinical Composite 
response

75/228 (33%)

Young JB (2003) 187 
(Rx arm)

6 mo Clinical Composite 
response

62/187 (33%)

Stellbrink (2001) 25 6 mo LVVs  (∆LVVs < 15%) 9/25 (36%)

Yu CM (2003) 30 3 mo LVVs  (∆LVVs < 15%) 13/30 (43%)

Yu CM (2003) 54 3 mo LVVs  (∆LVVs < 15%) 23/54 (43%)

Notabartolo (2004) 49 3 mo LVVs  (∆LVVs < 15%) 20/49 (41%)



Predictors
of Non-response to CRT

• Ischemic heart disease
• Severe mitral regurgitation 
• LV end-diastolic diameter ≥ 75 mm 
• Pre-implantation apical wall motion 

abnormality 
• Posterolateral ventricular scar

Diaz-Infante E, et al. Am J Cardiol, 2005; 95: 1436–1440.
Buch E, et al. Heart Rhythm, 2007; 4: 1300–1305.



The Advantage of 
Echocardiography



Echo Predictors of CRT Response
- American Society of Echo Dyssynchrony Guideline paper -

• Inter-ventricular:
 Doppler echo – IVMD > 40ms

• Radial delay:
 M-mode – SPWMD > 130ms
 2D Speckle tracking – Sept-to-post radial & delay > 130ms

• Longitudinal delay:
 TDI – Septal-to-lateral delay > 65ms
 TDI – Ts-SD of 12 segments > 33ms
 TDI – Ts-Diff of 12 segments > 100ms

JASE 2008

• IVMD: Interventricular mechanical delay 
• SPWMD: septal-posterior wall motion delay 
• Ts : the time to peak myocardial systolic velocity



A. IVMD ≥ 40ms B. SPWMD ≥ 130ms

C. Ts-(lateral-septal) > 65ms C. Peak Strain Rate -(lateral-septal)

Delgado V, et al. Circulation 2011;123:640-655



Circulation 2008;117:2608-2616

Interobserver and Intraobserver Variability Summary

An adjusted coefficient of variation (CV), defined as the ratio of the SD and 
the mean of absolute readings for each echocardiographic parameter.



Sensitivity Specificity

No Single Echo Measure of Dyssynchrony
may be recommended to improve patient 
selection for CRT!

Circulation 2008;117:2608-2616



Radial dyssynchrony (130 ms): 
sensitivity of 83%  specificity of 80% 
for prediction of CRT response

Delgado V  J Am Coll Cardiol 2008;51:1944-52.



Responder (5076881)Before CRT After CRT

Non-responder (2834120)



Responder (5076881)Before CRT After CRT

Non-responder (2834120)



Longitudinal strain delay index

Lim P, Circulation. 2008;118:1130 –1137.



Delgado V, et al. Circulation 
2011;123:640-655

3D echocardiographic imaging techniques

Green: the earliest
Orange/red: the latest activated 
segments



The Advantage of MRI



DE MRI
Morphology 
and Function

Perfusion Infarction size/  
viability

Cine MRI Perfusion MRI

Cardiac MRI in Ischemic Heart Disease



The magnetic resonance-myocardial 
tagging (MR-MT) assessment of 
circumferential mechanical 
dyssynchrony predicts improvement
in function class after CRT. 

The addition of scar imaging by DE-
CMR further improves this predictive
value.



HARmonic Phase analysis of 
tagged MRI
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LV dyssynchrony index 
CURE (Circumferential Uniformity Ratio Estimate )



SR SC

msec

Maximal Difference of 
Radial Strain CURE

40ms 90ms

50ms

msec

20ms30ms 90ms40ms

Relative deformation at each time point
Not include time
 “Define peak strain” is less important

Relative time interval ( time )
“Define peak strain” is very important



Clinical Response to CRT 
Based on CMR Findings

QRSd CURE Scar



The Advantage of 
Cardiac CT



The 
Advantage 
of Cardiac 

CT

Coronary venous anatomy

JACC Cardiovascular Imaging 2009

Viable myocardium

Circulation 2006



Delayed-enhancement CT 
acquisition:

A second scan was performed
7 minutes after contrast injection.

To minimize radiation exposure, 
a wider detector collimation 
(24x1.2 mm) and lower tube output 
were used (100 kV, 800 mAs).

The calculated radiation dose was 
4.5 mSv±2.4. 



Radiology 2008;247:49-56



Patients (N=30)
Subjects who meet classic indication for CRT

1.NYHA III or IV
2.≤35%
3. ≥120 ms

Work-up
TTE, CMR, Cardiac CT

Imaging-based Prediction of 
Response to 

Cardiac ReSynchronization
(IMPRESS) Study



Differential Diagnosis of Non-Responders

• Lack of mechanical dyssynchrony despite LBBB 
• Large area of scar from prior M.I.
• Poor LV lead location

• LV lead dislodgment or loss of capture

• Pacemaker inhibited a significant portion of the time
•Atrial fibrillation with intact conduction

•Automatic mode switch

•Sinus rate > Maximum Tracking Rate

• Inappropriate AV and VV delays
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“Takehome massage”

1) CRT의 Class I 적응증 환자의 30-40%는 치료에 반응

하지 않는 non-responder이다.

2) 초기 소규모 연구에서는 ECHO, MRI, CT가 non-

responder 예측에 도움이 된다고 하였으나, 아직까지

역할은 불분명하다.

3) 최근에 ECHO의 speckle tracking strain imaging, 

MRI의 CURE index 등이 새로운 방법이 연구되고 있

다.



Thanks for your attention!



Assessing Mechanical Synchrony from Strain with

CURE (Circumferential Uniformity Ratio Estimate )

CURE (t) = √ ∑SS(t)/(∑SS(t)+ ∑SD(t))

1 = pure synchrony , 0 = pure dyssynchrony  
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Circumferential systolic dyssynchrony index (SDI)


