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Estimation of Myocardial Ischemia
by Diastolic Strain Analysis in
Exercise Stress Echocardiography:
Comparison With Exercise
Thallium-201 Single Photon
Emission Computed Tomography
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Objectives. The feasibility of detecting persistent regional left ventricular abnormal relaxation due to
myocardial ischemia using strain echocardiography several minutes after exercise was investigated.
Methods. Consecutive 27 patients] mean age 65+ 9 years, 21 males, 6 femalesOwith suspected coronary
artery disease were enrolled. Strain echocardiographic images were acquired at the mid segments of the
left ventricular wall before and 5 min after exercise in the apical long-axis, two-chamber and four-chamber
views. Strain curves were obtained at each segment, and peak values of strain at the closure of aortic valve
0 Alhnd at one third of diastolic duratioh] Blwere measured. Strain diastolic indek] SDIOwas calculated as
U AL BUAx 100%. The ratio of SDI before exercise to that after exercise was defined as the SDI ratio and
compared with exercise thallium-201 single photon emission computed tomography] SPECT[hs the refer-

ence standard to detect myocardial ischemia.

Results. A total of 162 segments were evaluated. Based on the results of exercise SPECT, 119 segments
were classified as non-ischemic segments, and 43 as ischemic segments. Ischemic segments showed signif-
icant decreases in SDI before and after exercise, whereas non-ischemic segments showed no significant
differences in SDI before and after exercise. SDI ratio was significantly decreased in ischemic segments,
but not in non-ischemic segments. SDI ratio with a cut off value of 0.51 had a sensitivity of 91% and a
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specificity of 89% to detect myocardial ischemia in the receiver-operating characteristics.
Conclusions. Strain echocardiography can provide quantitative assessment of myocardial ischemia by
detecting post-ischemic regional left ventricular delayed relaxation even 5 min after exercise.

Key Words
HExercise (treadmill)
mRadionuclide imaging (strain)
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ECoronary artery disease (regional myocardial delayed relaxation)
mEchocardiography, transthoracic (exercise stress)
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Apical four-chamber view  Midinferoseptum
view

Midlateral
view

Fig. 1 Strain images in longitudinal views of the midinferoseptum and midlateral wall
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(a) Before exercise

SI{(%) -0.2
$-10.0% t332s

SDIO 19.2[0 5.8/19.2x 100
0e69.800

(b) 5 min after exercise

SI(%) 0.2
S-116% t299s

SDIO 16.400 11.0/16.4x 100
032900

Fig. 3 Strain curves before! aCand Smin after] b[ireadmill exercise in a patient with ischemia
SDI decreased from 69.8%] alto 32.9%! b SDI ratidl O SDI 5min after exercise/SDI before exercisel]

was 0.47.
SDI O strain diastolic index.

cd000oOoooo

OO0D0D0Oe0d0OD0OOOOOODOOODOODODOODO
oo0oOoO00ooOoOoOobDoOoOobooooboooo
oo0oooO00oooO0OobDoOoOoboboooboooo
0000000000000 00000*TI00 sin-
gle photon emission computed tomographyl SPECTLL] O
ocooooOoOoooOoOobooOoOoboboooboooo
ocooooOoOoooOoOobooOoOoboboooboooo
ooooooo

3) 000000

oobooooooOoOooDooOooboOoooooag
OO0ODO0OEODODOODOAOCOCOOCOOEODOOO
ooooooo

4) 0000 *TIOO SPECT

000000 Oo®TIOOSPECTOOOOODOOO
O00DoDoooooooooog

5 000000

0000000+ 0000000D020000000
o00oDbOO0o0ooobOor(rooboDbOodpOboosOoOO
oooooooo

gooog

coooooocooooo0100000Fig. 300
goooooooocobooosoocooooooon
oobOO0O000SDbIde9.8%0 00 500 SbI0 32.9%
goboooooospiooo47oonooonon

cooboocoooooooOobocOoOooboOoooon
000000 Table 10O 000 *'TIO O SPECTO
gboooooboobooooocooobogoobegnoon
OO0DO0®TIOCDSPECTOOOOOOOOOOOD
gooooo43000000000000 11900
gbooooboooobooooocoAvecoOoon
UgbDb 13000000000 00000000

OTable 21100 43000000000000000

goobbooobAvcOOoobooooobogo
gooobpb 13000000 ooooooobooon
gbob0obobob00UnUddTable 200
gobnoboooboobboooboooboo
SDID0dopoobobobObOO0O0D M Fig 400000 43
ggoobooooboboobobooospigboboogn
ooomoDD0O0 47+ 14% vs 21+ 9% ; 00 :
54% 19% vs 15+ 16%; 00 : 50+ 18% vs 17+ 12%;

J Cardiol 2006 Apr; 471 411 165—-172



oooooooooooooooobooOoooo 169

Table 100 Comparison of left ventricular mitral inflow indices before exercise and 5min after exercise

Control] nJ 120 Ischemic groupl nJ 1500
p value
Before After Before After
El m/sec] 0.59+ 0.19 0.58+ 0.13 0.56% 0.21 0.55+ 0.15 NS
Al m/secl] 0.67+ 0.18 0.69% 0.18 0.65% 0.18 0.65% 0.19 NS
E/A 0.89+ 0.18 0.88+ 0.21 0.86% 0.18 0.87+ 0.19 NS
DCT] msecl] 235+ 63 224+ 65 225+ 54 215+ 68 NS

Values are meant SD.
E/AD early diastolic filling/left ventricular filling at atrial systole ratio ; DCTO deceleration time.

Table 20 Comparison of strain values before exercise and Smin after exercise in 119 non-ischemic segments and 43
ischemic segments

119 non-ischemic segments 43 ischemic segments

Before After p value Before After p value
Strain values at AVC
0 O Midanteroseptum 01717+ 649 [0 17.77% 3.59 NS 0 19.3% 3.76 0 20.0+ 5.04 NS
0 O Midanterior 0 14.47+ 397 [0 14.73% 498 NS 012.1% 5.39 0 12.66% 5.39 NS
0 O Midposterior 014.1+ 549 0 14.6+ 8.37 NS 01524+ 59 01535+ 5.21 NS
0 O Midlateral 0 18.46% 5.1 [ 18.32+ 4.65 NS 015.1% 5.57 0 14.56+ 4.13 NS
0 O Midinferoseptum 0 14.22+ 3.87 [0 14.39+ 3.81 NS 0 18.17+ 5.38 019.2+ 6.4 NS
0 O Midinferior 019.24+ 246 [0 18.12+ 4.61 NS 017.78+ 3.83 0 17.99+ 4.13 NS
Strain values at DD 1/3
0 O Midanteroseptum [08.84+ 4.4 0 9.3+ 6.06 NS 0 10.2+ 3.25 0 13.0+ 8.90 NS
0 O Midanterior 0 6.04% 2.66 07.62+ 5.15 NS 010.21+ 3.47 01391+ 3.17 10.001
0 O Midposterior 05.74+ 3.64 0871+ 3.13 NS 07.68+ 4.8 01235+ 5.22 0.069
00 O Midlateral 0835+ 597 [10.47+ 4.83 NS 08.23% 4.7 0 11.69% 4.6 0.05
[0 O Midinferoseptum 06.42+ 3.35 0 8.28+ 2.77 NS 09.6x 3.78 0 14.6% 4.13 0.06
0 O Midinferior 01043+ 2.87 [011.07+ 3.44 NS 06.45+ 433 0 10.85+ 3.71 01 0.001

Values are meant SD. Abbreviations as in Fig. 2.
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Fig. 4 Comparisons of strain diastolic index values before exercise and Smin after exercise in 119
non-ischemic segments
Values are mean+ SD. p [0 NS for all intergroup differences.
A-S [ midanteroseptum; ANT [J midanterior; POS [0 midposterior; LAT [0 midlateral ; I-S 0 midinfer-
oseptum ; INF [ midinferior.
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Fig. 5 Comparisons of strain diastolic index values before exercise and Smin after exercise in 43

ischemic segments
Values are mean+ SD.

Asterisk indicates significant difference between before exercise and 5 min after exerciskl p 0 0.01 for all]

Abbreviations as in Fig. 4.
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Fig. 6 Sensitivity and specificity of strain diastolic
index ratio
Strain diastolic index ratio with a cut off value of 0.51
had a sensitivity of 91%, and specificity of 89%.
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