
2005 춘계 순환기통합학술대회

Tissue Doppler imaging for 
regional myocardial function

가톨릭대학교 의과대학

전 희 경



2005 춘계 순환기통합학술대회

Introduction

• Quantitative New Method  
(Myocardium)

• Long axis myocardial function

• Systolic and diastolic 
myocardial function
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Principles and Limitations of TDI

• By bypassing the high-pass filter
- Detect high amplitude, low frequency movement of myocardium

• Pulsed mode TDI

• Color coded 2-D 

• Color-coded M-mode
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Mitral annular velocities obtained 

with pulsed TDI in a normal volunteer
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Mitral annular velocities obtained with 
color-coded TDI in a normal volunteer
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Main applications of TDI in 
cardiology

• Assessment of overall (longitudinal)LV systolic function
• Assessment of regional LV systolic function
• Diagnosis of myocardial ischemia
• Identification of reversible and irreversible myocardial 

dysfunction
• Assessment of global and regional LV diastolic function
• Assessment of the function of other cardiac chambers

(e.g.,left atrium,right ventricle)
• Differential diagnosis between constrictive pericarditis and 

restrictive cardiomyopathy
• Noninvasive estimation of pressures in cardiac chambers and 

pulmonary artery
• Localization of accessory conduction pathways
• Diagnosis of cardiac transplant rejection
• Identification of intraventricular and interventricular dyssynergy
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Regional Systolic LV Function

· Ejection phase indices

· Preejection indices 

· Postejection indices

· TDI as an Integral part of Stress 
Echocardiography

· Transmyocardial velocity gradients(endocardium-
pericardium)
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Ejection phase indices

• Peak systolic ejection velocity(Sm)
- most widely used TDI measure for quantifying 

regional function in suspected CAD

- Sm show more variability between segments,age and  
sex

• Ischemic regions ; decrease in Sm, Em
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Mitral annular velocities:Age difference

Nikitin NP et al.J Am Soc Echocardiogr 2003;16:906-21
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Quantitative DTI for assessment of regional myocardial 
velocities during transient ischemia and reperfusion
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Bach DS et al. Am Heart J 1996;132:721-25.
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TDI Quantitates Regional Wall Motion
During Myocardial Ischemia and Reperfusion

Derumeaux et al. Circulation. 1998;97:1970-1977
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Derumeaux et al. Circulation. 1998;97:1970-1977.



Relation of Tissue Doppler Derived
Myocardial Velocities to Myocardial Structure
and Beta-Adrenergic Receptor Density in Humans

Shan K et al. J Am Coll Cardiol 2000;36:891-6
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Shan K et al. J Am Coll Cardiol 2000;891-6
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Regional Systolic LV Function

• Ejection phase indices

• Preejection indices

• Postejection indices

• TDI as an Integral part of Stress 
Echocardiography

• Transmyocardial velocity gradients(endocardium-
pericardium)



2005 춘계 순환기통합학술대회

Preejection indices

• Isovolumic contraction(IVC) velocity
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Positive IVC velocity predict recovery of 
myocardial function after PCI in MI

Penicka M et al.J Am Coll Cardiol 2004;43:85–91.
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Positive IVC velocity predict recovery of 
myocardial function after PCI in MI

Penicka M et al.J Am Coll Cardiol 2004;43:85–91.
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Penicka M et al.J Am Coll Cardiol 2004;43:85–91.
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Preejection tissue velocity and 
myocardial viability

Pislaru C et al. J Am Coll Cardiol2001;38:1748 –56.
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Preejection tissue velocity in a small anterior infarct

Pislaru C et al. J Am Coll Cardiol2001;38:1748 –56.
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Preejection tissue velocity in transmural anterior infarct

Pislaru C et al. J Am Coll Cardiol2001;38:1748 –56.
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Regional Systolic LV Function

• Ejection phase indices

• Preejection indices

• Postejection indices

• TDI as an Integral part of Stress 
Echocardiography

• Transmyocardial velocity 
gradients(endocardium-pericardium)
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Postejection indices

Ischemic basal septum

Smiseth OA et al.Curr Opin Cardiol 19:421–429.
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Postsystolic wave (PSm) of mitral annular 

motion detected in a patient after anterior MI
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Postsystolic shortening and viability in 
acute myocardial infarction

• Postsystolic shortening(PSS)
- marker of myocardial viability during acute coronary 
occlusion

- Passive or necrotic myocardium

- If postsystolic shortening occurs in the absence of 
systolic lengthening: passive recoil can be excluded
delayed active contracion

- When a segment is dyskinetic, but the postsystolic
shortening far exceeds the systolic lengthening in 
magnitude: active contraction contributes to 
postsystolic shortening 
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Postsystolic strain index(PSI)

Kukulski T et al. J Am Coll Cardiol 2003;41:810 –9)
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PSI: highly sensitive and specific marker of myocardial 
dysfunction during acute myocardial ischemia

Kukulski T et al. J Am Coll Cardiol 2003;41:810 –9
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Pre- and Postejection Velocities in Ischemi
a

Edvardsen T et al. Circulation. 2002;105:2071-2077.
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Edvardsen T et al. Circulation. 2002;105:2071-2077.
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Regional Systolic LV Function

• Ejection phase indices

• Preejection indices

• Postejection indices

• TDI as an Integral part of Stress 
Echocardiography

• Transmyocardial velocity 
gradients(endocardium pericardium)



MYDISE(Myocardial Doppler In
Stress Echocardiography)

• Feasible in 90% of examined segments in 92 normal 

• Reproducibility;
- basal  segment;18% (coefficients of variation)

- midwall segments; 28% (coefficients of variation)

• Peak systolic velocity at peak stress; best discriminator of 
disease

• Regression model(age,gender, and peak heart rate)-
sensitivity/specificity increased from 80/80 to 93/82% 

Fraser AG et al. Eur J Echocardiogr 2003;4:43-53 Madler CF et al. Eur Heart J 2003;24:1584-1594
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Strain and strain rate responses 
during stress echo

Voigt JU et al. Circulation. 2003;107:2120-2126



Strain-rate curved M-mode

Voigt JU et al. Circulation. 2003;107:2120-2126



Time to onset of regional relaxation

Abraham TP et al.  J Am Coll Cardiol 2002;39:1531–7



baseline Peak stress

Abraham TP et al.  J Am Coll Cardiol 2002;39:1531–7
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Regional Systolic LV Function

• Ejection phase indices

• Preejection indices

• Postejection indices

• TDI as an Integral part of Stress 
Echocardiography

• Transmyocardial velocity 
gradients(endocardium pericardium)



Transmyocardial velocity 
gradients(MVG)

Low dose Dobutamine
(10 mg/kg per min)

high dose Dobutamine
(30 mg/kg per min)

control

Tsutsui H et al. J Am Coll Cardiol 1998;31:89 –93
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OkiLV Diastolic Function 

• Ea(early peak diastolic velocity)
- Preload independent

- active relaxation

• Ea/Aa ratio

· TEa-E(time interval between onset of Ea 
and onset of mitral inflow)
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Ea: Preload independent

Sohn et al. J Am Coll Cardiol 1997;30:474 –80
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Correlation between Tau and deceleration time of early
mitral inflow (DT), E/A ratio, peak E’ velocity and E’/A’ ratio.

Sohn et al. J Am Coll Cardiol 1997;30:474 –80
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Nagueh SF et al.J Am Coll Cardiol 1997;30:1527–33.
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Nagueh SF et al.J Am Coll Cardiol 1997;30:1527–33.



TEa-E: New index

animal human

Rivas-gotz C et al. J Am Coll Cardiol 2003;42:1463–70)
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Quantitative DTI for assessment of regional myocardial 
velocities during transient ischemia and reperfusion
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Bach DS et al. Am Heart J 1996;132:721-25.
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Regional LV Diastolic Function 

• Patients (pulsed wave E/A<1,Group 1) had more 
left ventricular segments with an abnormal left 
ventricular relaxation (pulsed wave TDI Em/am<1)
than patients with a normal diastolic left ventricular 
inflow profile (pulsed wave E/A>1,Group 2)

Group 1; 10·3±3·0 vs Group 2:  3·7±2·7

Garcia-Fernandez MA et al. Eur Heart J 1999; 20: 496–505



TDI as a guide to Cardiac 
Resynchronization therapy(CRT)

• TDI: precise measurement of time to peak regional 
systolic velocity(Sm)

• Crucial for the assessment of cardiac synchronicity

• Assessment of systolic asynchrony forms the basis 
for predicting responders of cardiac 
resynchronization therapy(CRT)

• Even selecting the appropriate patient for CRT



A. Normal

B. Heart failure
normal QRS

2 criteria :1.maximal intersegmental difference in TS of > 100 ms
2.TS -SD of > 32.6 ms

significant systolic asynchrony occurred in > 40% of patients with narrow QRS 
at least 3/4 of those with wide QRS  

Yu C-M et al. Heart 2003;89:54–60



Strain 

Søgaard P et al. Curr Opin Cardiol 19:447–451.



Tissue tracking

Søgaard P et al. Curr Opin Cardiol 19:447–451.
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Summary
• A renaissance of interest in longitudinal ventricular activity.;
more sensitive index of myocardial contractility than 
conventional  echocardiographic parameters. early 
diagnosis of systolic dysfunction

• TDI in combination with strain echo is extremly encouraging 
solution to the problem of quantitative anaysis of regional LV 
systolic function(preejection, ejection, postejection indices)

• New possibilities in the noninvasive assessment of LV diastolic 
function

• Other application  for CRT guide, assessment for pressure in 
heart chamber and pulmonary artery, cardiac transplantation 
and constictive pericarditis. 
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Conclusion

Tissue Doppler imaging(TDI) is an 

accurate method for quantitative 

evaluation of regional myocardial function.
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