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What is the 
State of the Art ?

Resynchronizuation Therapy



CRT Principle

bi-ventricular stimulation

„Left ventricular pre-excitation to
restore physiologic AV timing and
contraction synchrony.“

Leqlerc & Kass, JACC 2002



improved clinical condition after CRT

Statistics
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benefit for LBBB  – harm for non-LBBB

Goldenberg et al., NEJM 2015

CRT may harm your patient !

mortality with LBBB mortality without LBBB

ICD only

CRT-D ICD only

CRT-D



Current ESC Guidelines

Ponikowski et al., Eur Heart J 2016

patient selection: symptoms, EF and QRS width



volume response in the PREDICT-CRT cohort

class I IIa IIb no recomm.

n=744

Vol.-response:
ΔESV > 15%

non-
responder

responder

Applying Current Guidelines

PREDICT-CRT
Stankovic et al., EHJ-CVI 2015 Beela / Voigt, EHJ 29191;20,66-74



Applying Current Guidelines

survival in the PREDICT-CRT cohort

class I
class IIa
class IIb
no recomm.

Beela / Voigt, EHJ 29191;20,66-74

Guidline 
indication 
class

PREDICT-CRT
Stankovic et al., EHJ-CVI 2015



Beyond the State of the Art:

Mechanical 
Dyssynchrony

Cardiac Resynchronization Therapy



Prinzen et al., 2000

Left Bundle Branch Block



DCM, QRS width 179ms

time

apical

lat

ant

Auricchio & Abraham, Circulation 2004

Left Bundle Branch Block



inter-ventricular asynchrony

Left Bundle Branch Block

pulmonary
valve

aortic
valve

ECG



mechanical 
consequences

Left Bundle Branch Block



ET FIVC IVR

lateral

5% strain

septal

ECG

intra-ventricular dysynchrony

Left Bundle Branch Block



septal / lateral loding imbalance

Vernooy et al., J Interv Cardiol 2003

fibre strain
(deformation)

stress-strain-
loops
(performed work)

Left Bundle Branch Block



mechanical consequences

septal contraction without load
ejection due to late lateral contraction

asymmetric hypertrophy
LV dilatation

LV – „remodelling“

Left Bundle Branch Block



electrical
characterization

mechanical
characterization

ventricular dyssynchrony

?

… is a mechanical treatment !

Cardiac Resynchronization Therapy



How can 
Echocardiography 

contribute ?

CRT Patient Selection



PROSPECT Study

Linde, ESC Wien 2007

added predictive value of tissue Doppler



time aligned velocity peaks proof synchronicity

Conventional „Selection Parameters“

4 chamber view



Search for
specific, treatable

dyssynchrony patterns !

CRT Patient Selection



The Ideal Selection Criterion

Should tell us ...

... if there is mechanical dyssynchrony.
 sensitive detection

... if the mechanical dyssynchrony can be treated.
 characterization of specific patterns



intra-ventricular dysynchrony

AVO AVC MVOMVC

Septal Strain Patterns

septal

lateral



Septal Strain Patterns

notching
contractile septum

stretching
failing septum

pseudonormal
lateral scar

Leenders, Circ-HF 2012

AVO AVC AVO AVCAVO AVC



Regional Myocardial Work

Russel et al., EHJ 2012

pressure-strain-loops
using estimated pressure curves



Regional Myocardial Work

… in CRT responders

non invasive data stress-strain-loops

strain

pressure

Cvijic, Voigt et al., EHJ-CVI 2018;19,941-9



Regional Myocardial Work

Cvijic, Voigt et al., EHJ-CVI 2018;19,941-9

… in CRT responders

time delay segmental work
pre-CRT

post-CRT



The feasible way:
Visual Assessment

Specific Dyssynchrony Patterns



Specific Dyssynchrony Patterns

describe the specific deformation sequence

Strik et al.,  J Cardiovasc Trans Res  2012



characteristic motion pattern in LBBB

Apical Rocking

typical features:

- early short 
apical motion
towards the septum

- lateral motion 
during ejection

Brzenczek



PREDICT - CRT

Stankovic et al. EHJ-CVI 2015



0 months

follow up  
46 months (27-65)

120

initial assessment
• apical rocking and septal flash (visual)
• scar distribution (visua)
• volume measurement (Simpson)

12 ± 6

CRT result
• volume measurement (Simpson)
• CRT result: ΔESV ≥ 15%
• apical rocking and septal flash after CRT (visual)

PREDICT - CRT

Stankovic et al. EHJ-CVI 2015

European multi-center Study:

Leuven, Cologne, Zabrze
Bad Oeynhausen, Oslo



… predict survival

Stankovic et al. EHJ-CVI 2015

no 
dyssynchrony

Zeit (Montate)

n=942
Log rank P<0.001

dsysynchrony

Specific Dyssynchrony Patterns



Stankovic et al. EHJ-CVI 2015

… predict therapy success

Specific Dyssynchrony Patterns

Zeit (Monate)

not corrected
no dyssynchrony

dyssynchrony,
corrected

n=942
Log rank P<0.0001



confirmation by other groups

Ghani et al., EHJ-CVI 2015

rocking

no rocking

study
n=295

apical rocking
visual

HR for MACE: 2.3

(for LBBB: 1.06 !)

p<0.001

Specific Dyssynchrony Patterns



What about narrow QRS ?

Specific Dyssynchrony Patterns



good selection independent from QRS width

time (months)

su
rv

iv
al

QRS width
< 150 ms >150 ms
n = 193 n = 750
p < 0.009 p < 0.001

dyssynchrony,
corrected
QRS > 150ms

QRS < 150ms

no dyssynchrony /
not corrected

QRS > 150ms

QRS < 150ms

Stankovic et al. EHJ-CVI 2015

Specific Dyssynchrony Patterns



no guideline indication but responder

Case 3: Narrow QRS Complex

Stankovic / Voigt

before CRT after CRTQRS 90ms



What about 
pacemaker-induced LBBB ?

Specific Dyssynchrony Patterns



independent predictors of CRT response

Pacemaker Induced LBBB

OR [95% CI] p

Dyssynchrony 11.20 [6.35 – 19.78] <0.001

RV pacing 0.71 [0.33 – 1.53] 0.385

Ischemic CMP 0.65 [0.41 – 1.04] 0.074

LVEF baseline 0.97 [0.93 – 1.00] 0.049

LVEDD baseline 0.97 [0.95 – 0.99] 0.007

Stankovic / Voigt et al., JACC-IMG 2016



good selection even in PM patients

Apical Rocking and CRT Success

intrinsic LBBB with dyssynchrony

paced LBBB with dyssynchrony

intrinsic LBBB w/o dyssynchrony *†

paced LBBB w/o dyssynchrony *†
* P<0.001 vs. intrinsic LBBB with dyssynchrony
† P<0.001 vs. paced LBBB with dyssynchrony 

n=824

Stankovic / Voigt et al., JACC-IMG 2016



Can they add to
current Guidelines ?

Specific Dyssynchrony Patterns



Survival in ESC class I +/- Apical Rocking

Patients with Class I Indication

with

without

n = 466

log rank = 0.001

Beela / Voigt, EHJ 29191;20,66-74



Survival in ESC class IIb +/- Apical Rocking

Patients with Class IIb Indication

n = 68

with

without
log rank  0.01

Beela / Voigt, EHJ 29191;20,66-74



CRT principle is the electrical treatment 
of a mechanical problem.

Echocardiography is an ideal method
for the assessment of myocardial mechanics.

Unspecific dysynchrony parametes 
have no added value and may harm the patient.

Echocardiography can improve patient selection
if specific, treatable 

dyssynchrony patterns are used.

Summary



Septal Flash and Apical Rocking
reflect the typical motion and deformation pattern 

of an LV with LBBB, amendable by CRT.

Detection of both markers predicts CRT response. 

In ischemic cardiomyopathy, flash and rockingh may be 
diminished despite LBBB, indicating a lower chance of 

successful resynchronization.

Dissapearance of flash and rocking after CRT implantation 
is a sign of successful treatment.

Summary
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