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Dyssynchrony with LBBB
Strain patterns with tagged Cine MRI
Dyssynchrony with LBBB

Strain patterns with tagged Cine MRI
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Curry …Kass et al. Circulation 2000Curry …Kass et al. Circulation 2000
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LV Dyssynchrony is a 
Mechanical Problem:  

Timing of LV segments
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Coronary sinus venogramCoronary sinus venogram LV lead in 
posterolateral coronary vein

LV lead in 
posterolateral coronary vein

Flouroscopic View
Transvenous left ventricular pacing lead

Flouroscopic View
Transvenous left ventricular pacing lead
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Kass D, et al.  Circulation.  1999;99:1567-1573. Kass D, et al.  Circulation.  1999;99:1567-1573. 
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Nelson et al. Circulation. 2000; 102:3053-3059Nelson et al. Circulation. 2000; 102:3053-3059

CRT Enhances Cardiac Mechano-
Energetic Efficiency

CRT Enhances Cardiac Mechano-
Energetic Efficiency

500500 600600 700700 800800 900900 10001000
0.140.14

0.160.16

0.180.18

0.200.20

0.220.22

0.240.24

dP/dtmaxdP/dtmax (mmHg/s)(mmHg/s)

M
VO

2 
/ H

R
M

VO
2 
/ H

R
(R

el
at

iv
e 

U
ni

ts
)

(R
el

at
iv

e 
U

ni
ts

)

LV PacingLV Pacing

DobutamineDobutamine

p<0.05p<0.05

ContractilityContractility

O
xy

ge
n 

C
on

su
m

pt
io

n
O

xy
ge

n 
C

on
su

m
pt

io
n

35.00 Gorcsan 11



Cardiac Resynchronization 
Therapy:  Weight of Evidence
Cardiac Resynchronization 
Therapy:  Weight of Evidence

g > 4000 pts randomized controlled trials
g Consistent improvement: quality of life, 

functional status, and exercise capacity
g Strong evidence for reverse remodeling

↓ LV volumes and dimensions
↑ LV ejection fraction
↓ Mitral regurgitation

g Reduction in heart failure (CRT) and all-
cause morbidity and mortality (CRT-D)

g > 4000 pts randomized controlled trials
g Consistent improvement: quality of life, 

functional status, and exercise capacity
g Strong evidence for reverse remodeling

↓ LV volumes and dimensions
↑ LV ejection fraction
↓ Mitral regurgitation

g Reduction in heart failure (CRT) and all-
cause morbidity and mortality (CRT-D)

Abraham WT and Hayes DL, Circulation 2003; 108:2596-2603Abraham WT and Hayes DL, Circulation 2003; 108:2596-2603
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COMPANION TrialCOMPANION Trial

Bristow MR & Feldman AM, et al. NEJM, May 2004Bristow MR & Feldman AM, et al. NEJM, May 2004

g Randomized 1,520 pts
g NYHA Class III or IV,  EF < 35%, 

QRS > 120 ms
g Equal distribution of B-blocker > 3 

mos
g Diuretic ACEi/ARB, spironolactone

g Randomized 1,520 pts
g NYHA Class III or IV,  EF < 35%, 

QRS > 120 ms
g Equal distribution of B-blocker > 3 

mos
g Diuretic ACEi/ARB, spironolactone
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Bristow MR & Feldman AM, et al. NEJM, May 2004Bristow MR & Feldman AM, et al. NEJM, May 2004

COMPANION TrialCOMPANION Trial

CRT = cardiac resynchronization therapy
ICD = implantable cardioverter-defibrillator
CRT = cardiac resynchronization therapy
ICD = implantable cardioverter-defibrillator

BaselineBaselineBaseline Randomization/
Stratification 

Randomization/Randomization/
Stratification Stratification 

Optimal Pharmacologic 
Therapy

Optimal Pharmacologic Optimal Pharmacologic 
TherapyTherapy

Optimal Pharmacologic
Therapy + CRT

Optimal PharmacologicOptimal Pharmacologic
Therapy + CRTTherapy + CRT

Optimal Pharmacologic
Therapy

+ CRT + ICD

Optimal PharmacologicOptimal Pharmacologic
TherapyTherapy

+ CRT + ICD+ CRT + ICD

111

222

222

35.00 Gorcsan 17



All Cause Mortality or All 
Cause Hospitalization

All Cause Mortality or All 
Cause Hospitalization

Bristow MR, …Feldman AM, et al. N Eng J Med May 2004Bristow MR, …Feldman AM, et al. N Eng J Med May 2004
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Candidates for CRTCandidates for CRT
gHeart failure: 

NYHA Functional Class III or IV
gQRS > 120 msec
gEF < 35%

gHeart failure: 
NYHA Functional Class III or IV

gQRS > 120 msec
gEF < 35%
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Why Echo for Dyssynchrony?Why Echo for Dyssynchrony?
Temporal resolution

- timing
Temporal resolution

- timing
Spatial resolution

- segments
Spatial resolution

- segments

Echo-Doppler betterEcho-Doppler better No studies post-pacer
Limited clinical availability

No studies post-pacer
Limited clinical availability
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ACUTE
Immediate

ACUTE
Immediate

LATE
3-6 months

LATE
3-6 months

Echo-Doppler to Quantify the 
Favorable Effects of CRT

Echo-Doppler to Quantify the 
Favorable Effects of CRT

g Reduction in MR
g Acute hemodynamic

effects

g Reduction in MR
g Acute hemodynamic

effects

g Decrease in LV size
g Increase in LVEF
g Improvements in LV 

synchrony
Reverse remodeling

g Decrease in LV size
g Increase in LVEF
g Improvements in LV 

synchrony
Reverse remodeling

35.00 Gorcsan 21



Acute Reduction in Mitral 
Regurgitation with Bi-vent  Pacing

Acute Reduction in Mitral 
Regurgitation with Bi-vent  Pacing

BaslineBasline 1 day after BiV pacing1 day after BiV pacing
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Courtesy of Dr. Joerg Schlegel ToshibaCourtesy of Dr. Joerg Schlegel Toshiba

Strain Imaging
Isolates longitudinal shortening

Strain Imaging
Isolates longitudinal shortening

Strain = Change in length / original lengthStrain = Change in length / original length
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Mechanical Strain Activation Map
“Bulls-eye” projection
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BaselineBaseline 6 mos after6 mos after

Later Effects of CRT on LV FunctionLater Effects of CRT on LV Function
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Cardiac Injury
gIschemia
gMyocarditis
gValular
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Dyssynchrony Alters Myocardial 
Gene Expression

Rapid pacing heart failure model

Dyssynchrony Alters Myocardial 
Gene Expression

Rapid pacing heart failure model
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Yu et al. Circulation. 2002;105:438-445.Yu et al. Circulation. 2002;105:438-445.

Reverse Remodeling with 
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Tissue Doppler ModalitiesTissue Doppler Modalities
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imaging
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Myofiber Orientation
Longitudinal dynamics
Myofiber Orientation

Longitudinal dynamics
Longitudinal
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Radial Shortening: 
Major vector of LV contraction

Radial Shortening: 
Major vector of LV contraction

Anatomic and echo courtesy Kisslo, Adams & Leech:  Echo in ContextAnatomic and echo courtesy Kisslo, Adams & Leech:  Echo in Context
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Tissue Displacement Imaging 
Normal synchrony

Tissue Displacement Imaging 
Normal synchrony
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