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Tissue Characterization
in Echo

History: The characterization of myocardial tissue by 
ultrasound was first attempted in 1957, using excised 
human hearts to distinguish infarcted from normalhuman hearts to distinguish infarcted from normal 
myocardium. Basic concept was quantitative 
estimates of frequency dependent myocardialestimates of frequency dependent myocardial 
attenuation (Wild JJ, et al. Am Heart J 1957;54:903-6)

Object: Cardiomyopathic abnormalities ;Object: Cardiomyopathic abnormalities ;            
coronary ischemia, myocardial viability,
experimental  myocardial contusion,                       

f
p y

amyloid infiltration, HCM, transplant rejection, 
myocarditis…

Baroldi G, et al. Heart Views 2005;6(3)
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M-mode & 2D Echo 
i Ti Ch t i tiin Tissue Charaterization 

Si l t t h i d t t d th h t i ti fSimplest technique used to study the characteristics of 
myocardial tissue. 

An increased intensity of the echocardiographic signal
h b t d k f ll ihas been reported some weeks following 
anteroseptal myocardial infarction.  

A strong correlation between intensity of the signal
d f ti i l tand presence of scar tissue on surgical or post-

mortem evaluation by M-mode and 2D echo. 

Fraker TD, et al. Am J cardiol 1984:1699-702
Rasmussen S, et al. Circulation 1978:230-7 



M-mode & 2D Echo 
in Tissue Charaterization 

24 iCMP DSE before and F/U Echo 6 months after CABG

Only baseline diastolic wall thickness (DWT)

24 iCMP, DSE before and F/U Echo 6 months after CABG

Only baseline diastolic wall thickness (DWT) 
measurement may improve the sensitivity of DSE for 
the detection of myocardial viabilitythe detection of myocardial viability. 

Akinetic segments with DWT > 0.8 cm have aAkinetic segments with DWT > 0.8 cm have a 
good chance of recovery despite the absence of 
contractile reserve during DSE. Further testing may becontractile reserve during DSE. Further testing may be 
required before excluding myocardial viability in these 
cases.

Zaglavara T, et al. Heart 2005:613-7

cases. 
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Importance of QuantificationImportance of Quantification

“ If you can’t measure it, y ,
you can’t manage it.”
Peter F Drucker (1909 2005)Peter F. Drucker (1909-2005)



Quantitative Tissue Characterization 
by Ultrasound 

By the possibility that individual structural components of 
the myocardium can influence its acoustic properties in 
different physiologic and pathologic conditionsdifferent physiologic and pathologic conditions.

By radiofrequency (integrated backscatter) and y ad o eque cy ( teg ated bac scatte ) a d
echocardiographic gray level (videodensitometry)

In particular, IBS analyzes the unprocessed radiofrequency 
signal returning from the myocardium, whilst VI bases on 
the conversion of analogic conventional ultrasonic images into athe conversion of analogic conventional ultrasonic images into a 
digitized form which allowing quantitative analysis of the 
ultrasonic myocardial texture. y

Baroldi G, et al. Heart Views 2005;6(3)



Integrated Back Scatter (IBS) 

Cyclic Variation of IBSCyclic Variation of IBS

IBS
Calibrated IBS(cIBS) ; - blood IBSCalibrated IBS(cIBS) ; blood IBS 
(circular-shaped ROI (41  41 pixels) in 
the left ventricular cavity at the mid-
level)

Cyclic variation of IBS (cvIBS)

Milunski MR et al. Circulation 1989;80:491-503
Vitale DF et al. Circulation 1995;92:1452-7
Naito J et al. UMB 1995;21:33-49



Cyclic Variation of IBS in AMI 

cvIBS cvIBS

Patent

WMSI WMSI

Not patent

Milunski MR et al. Circulation 1989;80:491-503 Patent Not patent



Cyclic Variation of Video Intensity - Viability 

ED
Percent Cyclic Variation

Viable
ES

Percent Cyclic Variation

ES

ED

Necrotic
Viable Necrotic ControlES

Marini C, et al. Eur Heart J 1996;17:472-9



Cyclic Variation of IBS in AMI 

Phase Corrected MagnitudePhase Corrected Magnitude 
of cvIBS >2.0dB dt D3

showed significant lower 
WMSI at D21

Takiuchi S et al. Circulation 1998;97:356-62

WMSI at D21



Duchenne Muscular Dystrophy in Preclinical 
Cardiac InvolvementCardiac Involvement 

XR, Dystrophin, y p

cvIBS

Giglio V et al. JACC 2003;42:309-16 cIBS



cvIBS in Becker Muscular Dystrophy with 
Functionally Normal HeartFunctionally Normal Heart 

XR, Dystrophin, y p

cvIBS

cIBS

Giglio V et al. JACC 2006;47:686-8

cIBS



Phase Corrected Magnitude (PCM) of cvIBS 

Mean of the normalizedQT Mean of the normalized 
delay in the normal 
segment as 1.00±0.1

QT

Normalized delay value in 
the normal segment wasthe normal segment was 
1.2 (mean 2 SD of normal)

D l d t tiphase Delayed contraction or 
Passive stretching 
(normalized delay>1.2) 

phase

; Multiplied the magnitude 
by -1.0Normalized delay= phase/QT

Takiuchi S et al. Circulation 1998;97:356-62
Vitale DF et al. Circulation 1995;92:1452-7



Integrated Backscatter (IBS)
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Tissue Doppler Imaging (TDI)
MyocardiumBlood Flow

Low velocity;
High amplitude

High velocity
Low amplitude



TDI Differentiates Transmurality in AMI 
After ReperfusionAfter Reperfusion  

SystolicSystolic 
Velocity

Reperfusion
Systolic 

Myocardial 
Velocity 

G di t (MVG)Gradient (MVG)

Derumeaux G et al. Circulation 2001;103:589-96 21 open-chest dogs, sonomicrometry



Cardiac Amyloidosis 
Di d b C l d d TDI (MVG)Diagnosed by Color-coded TDI (MVG)

Systole

Diastole

Oki T et al. Am J Cardiol 2004;93:864-9 Characteristic serrated pattern
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What is Deformation Imaging ?g g
Strain (ε) - the deformation of an object 

d ith t t it i i l hexpressed with respect to its original shape



Motion & Deformation
Tissue Velocity Imaging (TVI) Tissue Tracking Imaging (TT)

Velocity
Time Integration

Displacemente oc ty Displacement

Spatial Derivation

Rate of
DeformationDeformation Time Integration
Deformation

Strain Rate Imaging (SRI) Strain Imaging



What is Speckle Tracking Imaging ?What is Speckle Tracking Imaging ?
Y

Old location

New location
dY

Old location

dX X0

Time Line
Myocardial Motion Characterization 

Time Lineby Natural Acoustic “Tagging”



DopplerDoppler Strain vStrain vs.s. 2D Strain2D Strain
Doppler Doppler StrainStrain 22D StrainD Strain

Source Tissue Doppler 2D Images

Theory Doppler 2D Pattern Trackingy pp g

Measure
Velocity along with 
acoustic beam line

Direct measurements of 
2 dimensional movement

Angle dependency YES NO

Limitation of 
scan plane

YES
Difficult for APEX, NO

scan plane SAX

d

Velocity
Strain

+ Radial Strain,
i f i l iIndex Strain

Strain Rate
TT, TSI

Circumferential Strain,
Torsion



Strain Rate for Assessing Viabilityg y

Acute myocardial infarction in man
(LAD occlusion)



Strain Rate for Assessing Viabilityg y

Acute myocardial infarction in man
(LAD occlusion)
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0

-1

AVC



Strain Rate for Assessing ViabilityStrain Rate for Assessing Viability

RecoveryRecovery

acute MI 2 weeks1 dayy



Postsystolic Shortening

• Myocardial ischemia
• Myocardial viabilityMyocardial viability
• Resolved by dobutamine

in stunned myocardium

Jamal et al. Circulation 2001;104(9):1059-65 

Normal Infarction  



Post Systolic Shorteningy g

0 0

-10 -10PSS < 20% 
of tot. Strain

PSS > 20%

AVC AVC

-20 -20 PSS > 20% 
of tot. Strain

MVO MVO

systole diastole systole diastole

PSS defined as predominantly negative SRPSS defined as predominantly negative SR 

between AVC and E-wave



Strain rate Baseline Strain rate Dobu 20Strain rate, Baseline Strain rate, Dobu 20

Weidemann et al. Circulation 2003;107(6):883-8 



MD Study Design
134 consecutive AMI patients Enrolled & Complete 

Baseline Studies (LDDSE, NT-proBNP and Cath data)( p )

29 with incomplete information
• 15 alive at last visit
• 3 withdrawn consent
• 11 lost to follow-up

• 105 with complete information ( 95 alive and 10 dead)
• 95 patients completed 6M f/u echocardiography and NT-proBNP
• 35 patients completed Tl99m with delayed image

33 with incomplete strain analysis
• poor image quality 

62 ti t ith l t t i d t & 744 t d

• inadequate acquisition technique
• incomplete data…

62 patients with complete strain data & 744 segments assessed 
for psSR, time to peak psSR and PST by 2 independent experts



Correlation Between LA Volume Index Correlation Between LA Volume Index 
and Myocardial Viability Indexand Myocardial Viability Index
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Correlation Between Global psSR 
t 10 f LDDSE d Ch f LVEDVat 10mcg of LDDSE and Change of LVEDV
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Incremental Value of SRI Assessment of 
Myocardial Viability after RevascularizationMyocardial Viability after Revascularization 

Hanecom et al. Circulation 2005;20;112(25):3892-900 



Altered Myocardial Stiffness
Stunned Vs. Transmural Infarct

Pislaru et al. Circulation 2004;109:2905-10 24 farm pigs, diastolic Pr-WT relationship



Altered Myocardial Stiffness
Stunned Vs. Transmural Infarct

Pislaru et al. Circulation 2004;109:2905-10 24 farm pigs, diastolic Pr-WT relationship



3D Strain3D Strain
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MCE
Perf sion defects after microb bble destr ction and the ltimate infarct si e (b tiss ePerfusion defects after microbubble destruction and the ultimate infarct size (by tissue 

staining) in a dog undergoing 6 hours of LCX artery occlusion.

Coggins MP, et al. Circulation. 2001;104:2471–2477.



Myocardial Viability by MCE
Predicts SurvivalPredicts Survival

99 t bl ti t99 stable patients 
low-power MCE

t 7±2 d ft AMIat 7±2 days after AMI 

Contrast Defect Index (CDI)
by adding contrast scoresby adding contrast scores               
1 = homogenous;                         
2 = reduced;                                   
3 = minimal/absent opacification
in all 16 LV segments            
divided by 16

Dwivedi G, et al. JACC. 2007;50:327–34.

divided by 16 



MCE with  Leukocyte Labeled Imaging

Background-subtracted 99 T RP517 triphenyl tetrazoliumBackground subtracted 
Color-coded Contrast U

99mTc-RP517 triphenyl tetrazolium 
chloride-treated

Christiansen JP, et al. Circulation. 2002;105:1764–67.



Take Home Messageg
Tissue Characterization in EchoTissue Characterization in Echo

1. Information on composition and structure of 
myocardial tissue could be of major importance tomyocardial tissue could be of major importance to 
better characterize the onset and progression of 
several myocardial diseases in both clinical and 
research settingresearch setting. 

2. Its theoretical background is represented by the 
fact that ultrasound interacts differently withfact that ultrasound interacts differently with 
abnormal as compared to normal myocardium. 

3 However an ideal technique is still far from ready3. However, an ideal technique is still far from ready 
for clinical use. Different methods, using both 
qualitative and quantitative approaches have been 
suggested during the last decadessuggested during the last decades. 
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Incheon, Korea
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