Korean Circulation J 2002;32(2):99-105

A2be] 2% 1l o)8k7) 59 H7le| Doppler Tissue Image?

0 9 X

84

gooono bobobo oboooo
2 A

The Usefulness of Doppler Tissue Image in Evaluation of Left Ventricular

Systolic and Diastolic Dysfunction

Kee-Sik Kim, MD

Division of Cardiology, Keimyung University, Dongsan Medical Center, Daegu, Korea

ABSTRACT

Doppler tissue image (DTI) is a newly developed method for measuring myocardial velocity using pulse wave
Doppler (P-DTT), or color Doppler (C-DTI) imaging. The major application of DTI is is quantifying systolic
and diastolic heart function. DTI can be applied for the quantification of systolic myocardial velocity (Sm)
during myocardial ischemia at rest and with pharmacologic or exercise testing. DTI can also detect myocar-
dial dysfunction earlier than the conventional wall motion score system. It is also used for the discrimination
of viable and non-viable myocardium. P-DTI is particularly useful in the detection and identification of left
ventricular diastolic dysfunction. In particular, it can differentiate normal and pseudonormal patterns. One ad-
vantage of DTI is that it is less dependant to the preloading condition of the heart than the conventional
method. Recently, DTI has also been applied in the early detection of graft rejection in a transplanted heart.
This review summarizes the principles and clinical applications of DTI in the evaluation of left myocardial

function. (Korean Circulation J 2002532(2)99-105)
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Table 1. Advantages and limitations of color tissue Doppler imaging (TDI) versus pulsed wave (PW) TDI

Advantages

Color TDI

PW TDI

Spatial orientation of myocardial velocities can be seen superimposed on the real-time 2-dimensional
image

Myocardial velocities can be displayed in a manner similar to that of conventional color flow imaging

Representation of mean myocardial velocity

Real-time velocity interrogation with improved temporal resolution

Ability to quantitate peak rather than mean myocardial velocities

Does not require off-line analysis

Provides instantancous temporal display of the Doppler spectral information

Objective assessment of regional function, which is especially useful in dobutamine stress
Echocardiography

Limitations

Color 1DI

PW TDI

Poor temporal resolution caused by longer processing time involved with autocorrelation analysis
Typically requires off-line analysis for quantification of the myocardial velocity color maps

Only regional quantification of myocardial velocities can be done at selected sites reducing spatial
resolution

Sampling cannot be localized to the endocardial or epicardial layers
Alignment of the beam parallel to the heart muscle movement may be difficult in some patients
No correction for normal cardiac translation and rotation during sampling
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Fig. 1. Right panel, schematic drawn showing the posi-
tion of the sample volume to record tissue Doppler data
from the mitral annulus (lateral wall). Sample volume
can also be placed on the anterior, inferior, septal wall
at the level of the mitral annulus. Left panel represent
pulsed Doppler obtained at this locationd Sm is the sys-
tolic component, the two diastolic component are Em
and Am. ECGO electrocardiogram, PWO pulsed wave,
2D0 2 dimensional.

Table 2. Normal values in cm/s+ 1 SD for the basal seg-
ments of the left ventricle using pulsed DTI

S Em Am velirgiﬁjgﬁo
Lateral  10.6+ 2.3 13.3+ 3.3 11.3+ 29 1.5+ 0.6
Septal 99+ 1.7 11.5+ 2.6 9.5+24 1.0+0.7
Anterior 9.2+ 1.8 11.7+x 3.4 10.3x 2.9 1.2+ 0.7
Posterior 10.4+ 2.5 143+ 3.6 11.6+ 2.6 1.3x 0.7

SDO standard deviation, DTIO Doppler fissue image
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Fig. 2. Normal range of Doppler tissue image values by
segment of peak stress.

101



00 00 000 000 O 0O0.

00 DTIO 00000000 D000 0000 O
000 O D00 00000 00000 0000 O
0.2 00000 0000 000 00 000 0 00
00 OO0 00000 00 40,00 00 20000
000 0000 000 00000 00 00 000
0 0000 000 SmO 000 0000.00 00
0 00,0000 000000 0000 00 000
0Do00.®¥ goooo SmOd 9 cm/sec OO0 O O
00 0000 O 0 00.000 00000 000
000 0O 00 000 00 00 000 00000
0. culati 0”0 00 400 O 20000 0OO
0000 SmO OO0 000 0000000 00 O
0000 0000 000.0000 DTIO 000 O
00 00 000 00 00 000 000 D00 Ga—
rcia 0'®0 parasternal viewd DO 00 000 (iso—
volumic contraction time) O OO 00 O (isovolumic
relaxation time) biphasic velocity OO0 OO O
0 0000 000 0000 000 000 000 00
00 00 000 000 0oO00o. o000 oog,™
0000 00 00 00000 000 DTIO OO0
00 dP/dT, 0000000 OO0 00 000 000
ooo.

00 00 000 0000 DTIOO0 00 00 O
0 000 000 00000 00 000 0000 O
00 Derumeaux 090 00000 000 OO0 O
00000 SmOd 000 000 0000 000 00
0 smO OO0 OO0 0000 00000 0000 O
00 00 0000 000 00 00 00 000 00
0 0000 00 000 000 000 00 00 00
O color DTIO OO0 OO0 O 00 0OOO0O OO.
000 000 000 0000 00000 000 00
0 000 0000 0000 0O000.

00 000000 OO0 00o0d wall motion sc—
orell] 00 OOOOO OOOO color m—mode DTI,
color 2-D DTIO 00 00000 PW-DTIO O
00 00 000 OO0 000 000000000
0. 00 dobutamined 0000 00000000 O
00 Gorscan 0?0 0O 00O 3 meg/Kg/minute
0000 0000 000 0000 0000 000 O
00 00 000 000 0oO(@Gm)d 0000 00

102

00 0O. Tsutsui 020 000000 OO0 OO
0000 000 00 0000 dobutamine 00O O
000 OO0 00 000 0000 000 000 O
000 OO0 000 0000 000 000 00 00
0 0000 000 000 000000 000 00
0 0000 00 00 000 000 O 00. Yamada
02’0 dobutamine 00 000000 OO0 0000
0000 00 00 000 OO0 000 00 90% O
0 000 00 0 000 000 0000 83%0 00
0, 87%0 0000 000 O 00.0000 000
0 D000 000 000 000 000 00 000
000 00O 00 0O oo.®®

00 00000 0O

00 OO0 OO0 000 0000 00000 00
00 0O0.00 0000 000000000 000 O
00 000 0D000 000 00 00 (normal), 0O
0 O (relaxation abnormality), O O O (pseudonormal),
restrictive pattern0 0 OO0 OO OO0OO0O OO
000 0000 000 000 000 00 0000
0 000 000 00 00.00 0000 00 00
0 00, 000 000 color M—mode,®~*® DTI
0 000 00000 00 000 00 00 0000
oooo.

DTI™P0 000 00*®00 DOO0 00 000
00 00 EmOO0 AmOO 0O0O0O0. D000 OO
EmO0 OO0 20 cm/sec0d OO0 0000 OO0
00 Oo™®%2-300 9 emisec 000 O OO O
000 0 0 00.0000 000 000 EmO0 E
000 OO0 00000 00 0000 000 00 O
00 D000 000 0000 000 0000 00
00.000 000 00 000 000 000 EDNO
EmO OO0 00000 OO0 000 0000939

00 000 000 D000 000 EmO0 OO,
Em/Am 00 OO0 0000. 0000 000 00 O
000 EmO00 000 00 Em/Am 00 00 100
0 0ooo.2%% 0o oooo 000 000 00
00000 000 000 000 0000 000 O
00 000 000 00000 EmO00 000 000
0 00 EmM/Am 00 1000 0000 00 000
00000 000 00.0ki 00 o000 0ooo

Korean Circulation J 2002532(2):99-105



000 DO0O0O0O00000 OO0 O 00 IVRT O
0 00 000 000 0D00O0 000 0000 00
00000 OO0 0000 00 000 000 Taud
00 OO0 000 000 0000 000 00000
000 000O0. 000 DTIOO 00 EmOO OO
000 0000 000 0000 00 00 0000
Taud OO OO OO0 OOO. Ohte 030 EmO
0 00000 peak—dP/dTO OOO0 O0OO0O OO
0 000 000 00 000.00 EmO0 000 O
00, elasticrecoild OO0 OOO OOOO.

DTIO 00 000 000 000 0 00 000 O
000 0000 000 000 00000 ogo.®®
0 0*0 0000 0000 00000 00000
EmOO0 OO0 000 OO0 00 000 000 EmO
0 000 85 cm/secd 0000 OO0 O 0000
88%, 0000 67%0 OO0 O O0.00 00 O
0¥®*)gg pooo EmOO0 000 00000 O
00 0O 00.000 Agmon 0*0 0000 OOO
EmO0 0000 00 00 0 EmO0 0000 OO
0000 00 OO0 0000 000 DTIO 000 O
00 000 0O 0O 000 0000.000 000 O
00 000 000 000000 00 000 00 0
00 000 OO0.

DTIO 0O OO0 0000 000 000 000000
0 000 000 000 0000 000 0000 O
00 00,0 000 000 000 0000000 E
A>100 00 IVRTO OO0 0O 000 000.00
0 DTIO 000 000 000000 EmO0 000
00 EnvvATM=100 0000 000 000000 Em
00 OO0 000 0000 000 0 0 Oo0.®%
Garcia 0*0 0000 EmO0 OO0 8 cm/sec
0 000 000 O 100%0 0000 0000 00
0 00O O O0.

00000000 DTIO OO0 OO0 000 000 O
00 0000 000 00000 00 0000
EmO0 000 OO0 EmO00 OOOOO 0O OO
0 00000 0000 0O0.

H
2 £

00 000 0ooboo bnig obo oooo O

U oo oobo 0o0ob bob bbo ooo o
0.00 000b0o Oobo Oob boboo oooo o
Ugdb 00 00 0b0U0 0o oobo oo oo
U 0dbdbd 0ob bob b0 0o obob. oo
000 00 Ooob boob oo oob booo o
gobd oob boob 00 0O Ob oo oo
00 0bo boobo ooob 0o oo boo og. o
O OO0 OO0, color M—mode, 2—d color Dop—
pler 00 O 000 O0O0O0O OO OOO OOO O
00 000 0O oobo obobo oboooo oo
U 0od.oub oo oo 0o 0o oob oobog
00 oob 0obo bo oo, 00 oo ooo oo
U0 0ouooob ooob 0 oo ob oo bog
000 Oodbo O 0o bboooo oobo oooo
00 OO 000 off-lined0 OOOO OO O OO,
gob0d oobob 0ob b0 obbo O o ooo
agoooo oo.

A Sojooooooooooo.

REFERENCES

1) Yoshida T, Mori M, Nimura Y. Analysis of heart motion
with ultrasonic Doppler method and its clinical applica-
tion. Am Heart J 1961;61:61-75.

Kostis JB, Mavrogeorgis E, Slater A, Bellet S. Use of a
rangegated, pulsed ultrasonic Doppler technique for co-
ntinuous measurement of velocity of the posterior heart
wall: Chest 1972 Nov,;62:597-604.

Isaaz K, Thompson A, Ethevenot G, Cloez JL, Brembilla
B, Pernot C. Doppler echocardiographic measurement of

2

=

w
=

low velocity motion of the left ventricular posterior wall.
Am J Cardiol 1989;64:66-75.

McDicken WN, Sutherland GR, Moran CM, Gordon LN.
Color Doppler velocity imaging of the myocardium. Ult-
rasound Med Biol 1992;18:651-4.

Miyatake K, Yamagishi M, Tanaka N, Uematsu M, Ya-
mazaki N, Mine Y, Sano A, Hirama M. New method of
evauating left ventricular wall motion by color-coded tis-
sue Doppler imaging: in vitro and in vivo studies. J Am
Coll Cardiol 1995,;25:717-24.

Sutherland GR, Stewart MJ, Groundstroem KW, Moran
CM, Fleming A, Guell-Peris FJ, Riemersma RA, Fenn
LN, Fox KA, McDicken WN. Color Doppler myocardial
imaging: a new technique for the assessment of myocard-
ial function. J Am Soc Echocardiogr 1994,7:441-58.
Yamazaki N, Mine Y, Sano A, Hirama M. Analysis of wall
motion using color coded tissue Doppler imaging system.
Jpn J Appl Phys 1994,;33:3141-6.

Sutherland GR, Bijnens B, McDicken WN. Tissue Dopp-
ler echocardiography: historical perspective and technol-
ogical considerations. Echocardiography 1999,16:445-53.

4

ol

5

N3

6

N3

7

=

8

<z

103



9) Rodriguez L, Garcia M, Ares M, Griffin BP, Nakatani S,
Thomas JD. Assessment of mitral annular dynamics dur-
ing diastole by Doppler tissue imaging: comparison with
mitral Doppler inflow in subjects without heart disease
and in patients with left ventricular hypertrophy. Am He-
artJ 1996,;131:982-7.

Gulati VK, Katz WE, Follansbee WP, Gorcsan J 3rd.

Mitral annular descent velocity by tissue Doppler echoca-

rdiography as an index of global left ventricular function.

Am J Cardiol 1996,;77:979-84.

11) Grant RP. Notes on the muscular architecture of the left
ventricle. Circulation 1965;32:301-8.

12) Cain P, Baglin T, Case C, Spicer D, Short L, Marwick TH.

Application of tissue Doppler to interpretation of dobuta-

mine echocardiography and comparison with quantitative

coronary angiography. Am J Cardiol 2001,87:525-31.

Pai RG, Gill KS. Amplitudes, durations and timings of

apically directed left ventricular myocardial velocities: 1.

their normal pattern and coupling to ventricular filling and

ejection. J Am Soc Echocardiogr 1998;11:105-11.

Galiuto L, Ignone G, DeMaria AN. Contraction and re-

laxation velocities of the normal left ventricle using pul-

sed-wave tissue Doppler echocardiography. Am J Cardiol
1998,81:609-14.

15) Alam M, Wardell J, Andersson E, Samad BA, Nordl-

ander R. Characteristics of mitral and tricuspid annular

velocities determined by pulsed wave Doppler tissue im-

aging in healthy subjects. J Am Soc Echocardiogr 1999;

12:618-28.

Garcia MJ, Rodriguez L, Ares M, Griffin BP, Klein AL,

Stewart WI, Thomas JD. Myocardial wall velocity asses-

sment by pulsed Doppler tissue imaging: characteristic fi-

ndings in normal subjects. Am Heart J 1996;132:648-56.

Mishiro Y, Oki T, Yamada H, Wakatsuki T, Ito S. Evalu-

ation of left ventricular contraction abnormalities in pat-

ients with dilated cardiomyopathy with the use of pulsed

tissue Doppler imaging. J Am Soc Echocardiogr 1999;12:

913-20.

Yamada H, Oki T, Tabata T, Iuchi A, Ito S. Assessment

of left ventricular systolic wall motion velocity with pu-

Ised tissue Doppler imaging: comparison with peak dP/dt

of the left ventricular pressure curve. J Am Soc Echocar-

diogr 1998;11:442-9.

19) Derumeaux G, Ovize M, Loufoua J, Antre-Fouet X, Mi-
naire Y, Cribier A, Letac B. Doppler tissue imaging qua-
ntitates regional wall motion during myocardial ischemia
and reperfusion. Circulation 1998,97:1970-7.

20) Derumeaux G, Ovize M, Loufoua J, Ponitier G, Andre-

Fouet X, Cribier A. Assessment of non-uniformity of tra-

nsmural myocardial velocities by color-coded tissue Dop-

pler imaging: characterization of normal, ischemic and

stunned myocardium. Circulation 2000,101 :1390-5.

Gorcsan J 3rd, Strum DP, Mandarino WA, Gulati VK,

Pinsky MR. Quantitative assessment of alterations in re-

gional lefi ventricular contractility with color-coded tissue

Doppler echocardiography: comparison with sonomicr-

ometry and pressure-volume relations. Circulation 1997;

95:2423-33.

Gorcsan J 3rd, Deswal A, Mankad S, Mandarino WA,

Mahler CM, Yamazaki N, Katz WE. Quantification of

the myocardial response to low dose dobutamine using ti-

10

=

13

=

14

=z

16

N3

17

=

18

<z

21

=

22

=

104

23

24

25

26,

27

28

29

30,

31

32

33

34

35

=

=z

N3

N3

=

=z

=

=

=

=

=

ol

N3

ssue Doppler echocardiographic measures of velocity and
velocity gradient. Am J Cardiol 1998,81:615-23.

Tsutsui H, Uematsu M, Shimizu H, Yamagishi M, Tan-
aka N, Matsuda H, Miyatake K. Comparative usefilness
of myocardial velocity gradient in detecting ischemic my-
ocardium by a dobutamine challenge. J Am Coll Cardiol
1998;31:89-93.

Yamada E, Garcia M, Thomas JD, Marwick TH. Myoca-
rdial Doppler velocity imaging: a quantitative technique
for interpretation of dobutamine echocardiography. Am J
Cardiol 1998,;82:806-9.

Pasquet A, Armstrong G, Beachler L, Lauer MS, Marw-
ick TH. Use of segmental tissue Doppler velocity to qua-
ntitate exercise echocardiography. J Am Soc Echocardiogr
1999;12:901-12.

Pasquet A, Armstrong G, Rimmerman C, Marwick TH.
Correlation of myocardial Doppler velocity response to
exercise with independent evidence of myocardial ische-
mia by dual-isotope single photon emission computed to-
mography. Am J Cardiol 2000,85:536-42.

Rossvoll O, Hatle LK. Pulmonary venous flow velocities
recorded by transthoracic Doppler ultrasound.: relation to
left ventricular diastolic pressure. J Am Coll Cardiol 1993;
21:1687-96.

Jacobs LE, Kotler MN, Parry WR. Flow pattern in dil-
ated cardiomyopathy: a pulsed-wave and color flow Dop-
pler study. J Am Soc Echocardiogr 1990,3:294-302.
Stugaard M, Smiseth OA, Risoe C, Ihlen H. Intraventri-
cular early diastolic velocity profile during acute myoca-
rdial ischemia: a color M-mode Doppler echocardiogr-
aphic study. J Am Soc Echocardiogr 1995,;8:270-9.
Takatsuji H, Mikami T, Urasawa K, Teranishi J, Onozuka
H, Takagi C, Makita Y, Matsuo H, Kusuoka H, Kitaba-
take A. A new approach for evaluation of left ventricular
diastolic function: spatial and temporal analysis of left
ventricular filling flow propagation by color M-mode
Doppler echocardiography. J Am Coll Cardiol 1996;27:
365-71.

Garcia MJ, Ares MA, Asher C, Rodriguez L, Vander-
voort P, Thomas JD. An index of early left ventricular
filling that combined with pulsed Doppler peak E velocity
may estimate capillary wedge pressure. J Am Coll Card-
iol 1997,;29:448-54.

Isaaz K, Munoz del Romeral L, Lee E, Schiller NB. Qu-
antitation of the motion of the cardiac base in normal
subjects by Doppler echocardiography. J Am Soc Echoc-
ardiogr 1993;6:166-76.

Alam M, Wardell J, Andersson E, Samad BA, Nordl-
ander R. Effects of first myocardial infarction on left ve-
ntricular systolic and diastolic function with the use of
mitral annular velocity determined pulsed wave Doppler
tissue imaging. J Am Soc Echocardiogr 2000,13:343-52.
Severino S, Caso P, Galderisi M, de Simone L, Petroc-
elli A, de Divitiis O, Mininni N. Use of pulsed Doppler
tissue imaging to assess regional left ventricular diastolic
dysfunction in hypertrophic cardiomyopathy. Am J Card-
iol 1998,82:1394-8.

Oki T, Tabata T, Yamada H, Wakatsuki T, Mishiro Y, Abe
M, Onose Y, Iuchi A, Ito S. Left ventricular diastolic
properties of hypertensive patients measured by pulsed
tissue Doppler imaging. J Am Soc Echocardiogr 1998;11:

Korean Circulation J 2002532(2):99-105



36

37

38

39

40,

41

N3

)

<z

)

=

=

1106-12.

Yamada H, Oki T, Mishiro Y, Tabata T, Abe M, Onose Y,
Wakatsuki T, Ito S. Effect of aging on diastolic left ven-
tricular myocardial velocities measured by pulsed tissue
Doppler imaging in healthy subjects. J Am Soc Echoca-
rdiogr 1999;12:574-81.

Ohte N, Narita H, Hashimoto T, Akita S, Kurokawa K,
Fujinami T. Evaluation of left ventricular early diastolic
performance by color tissue Doppler imaging of the mi-
tral annulus. Am J Cardiol 1998;82:1414-7.

Garcia MJ, Rodriguez L, Ares M, Griffin BP, Klein AL,
Stewart WJ, Thomas JD. Myocardial wall velocity asse-
ssment by pulsed Doppler tissue imaging: characteristic
findings in normal subjects. Am Heart J 1996,132:648-56.
Sohn DW, Chai IH, Lee DJ, Kim HC, Kim HS, Oh BH,
Lee MM, Park YB, Choi YS, Seo JD, Lee YW. Assess-
ment of mitral annulus velocity by Doppler tissue imaging
in the evaluation of left ventricular diastolic function. J
Am Coll Cardiol 1997;30:474-80.

Oki T, Tabata T, Yamada H, Wakatsuki T, Shinohara H,
Nishikado A, Iuchi A, Fukuda N, Ito S. Clinical applic-
ation of pulsed Doppler tissue imaging for assessing of
abnormal left ventricular relaxation. Am J Cardiol 1997;
79:921-8.

Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA,
Quinones MA. Doppler tissue imaging: a noninvasive te-
chnique for evaluation of left ventricular relaxation and
estimation of filling pressures. J Am Coll Cardiol 1997;

30:1527-33.
42) Garcia M, Thomas JD, Klein AL. New Doppler echocar-
diographic applications for the study of diastolic function.
J Am Coll Cardiol 1998;32:865-75.
Farias CA, Rodriguez L, Garcia MJ, Sun JP, Klein AL,
Thomas JD. Assessment of diastolic function by tissue
Doppler echocardiography: comparison with standard
transmitral and pulmonary venous flow. J Am Soc Echo-
cardiogr 1999;12:609-17.
Agmon Y, Oh JK, McCarthy JT, Khandheria BK, Bailey
KR, Seward JB. Effect of volume reduction on mitral an-
nular diastolic velocities in hemodialysis patients. Am J
Cardiol 2000,85:665-8.
Garcia MJ, Rodriguez L, Ares M, Griffin BP, Thomas JD,
Klein AL. Differenciation of constrictive pericarditis from
restrictive cardiomyopathy: assessment of left ventricular
diastolic velocities in the longitudinal axis by Doppler ti-
ssue imaging. J Am Coll Cardiol 1996,27:108-14.
Rajagopalan N, Garcia MJ, Rodriguez L, Murray RD,
Apperson-Hansen C, Stugaard M, Thomas JD, Klein AL.
Comparison of new Doppler echocardiographic methods
to differentiate constrictive pericarditis heart disease and
restrictive cardiomyopathy. Am J Cardiol 2001,87:86-94.
Mankad SM, Murali S, Kormos RL, Mandarino WA,
Gorosan J 3rd. Evaluation of the potential role of color-
coded tissue Doppler echocardiography in the detection
of allograft rejection in heart transplant recipients. Am
Heart J 1999;138:721-30.

43

=

44

ol

45

N3

46

N3

47

=

105



