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Analysis of the Regional Strain Rate in the Left Ventricular Myocardium

by MR Phase-Contrast Imaging
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Table 1 Measurement conditions.
256 x 192 pixel
1.25 mm X 1.25 mm/pixel

Image size

Image resolution

Time resolution 60 ms
Slice thickness 5mm
Slice interval 5mm
Image depth signed 13 bit
Velocity encoding 25cm/s
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Fig.1 A pair of the MR data used in this stduy,

(a)—(c) intensity images which are displayed
as usual MR images, (d)—(f) phase-shift im-
ages which represent the velocity distribution
in left-right direction, (g)—(i) phase-shift im-
ages which represent the velocity distribution
in bottom-top direction, (a)(d)(g) early sys-
tole, (b)(e)(h) end systole, (c)(f)(i) end dias-
tole.
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Fig.2 Compressional strain in the regional myocardium.
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Fig.3 Shearing strain in the regional myocardium.
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Fig.4 Results by median filtering and histogram,
(a) Filtering result from the MR intensity
image which corresponds to the phase-shift
image of bottom-top direction, (b) Filtering
result from the MR intensity image which
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corresponds to the phase-shift image of left-
right direction, (c) Intensity histogram for (a),
(d) Intensity histogram for (b).
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ocardium, (a) Classification result from Fig. 4 (a),
(b) Classification result from Fig. 4 (b).
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Fig.6 Composite velocity on the short-axis slices,
(a) early systole, (b) early diastole.
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Fig.7 Calculation of the compressional strain in
the regional myocardium, (a) Settings of the
calculation points neighbor the target point,
(b) Projection of velocities on the circumfer-

ential direction.
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Fig.8 Calculation of the shearing strain in the re-

gional myocardium, (a) Settings of the cal-
culation points neighbor the target point,
(b) Projection of velocities on the transmural
direction.
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Fig.9 Distribution of compressional strain rate in

the left midcardium, slice no.2, (a) 3rd frame
(early systole), (b) 8th frame (early diastole).
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Fig. 10 Distribution of shearing strain rate in the left
midcardium, slice no. 3, (a) 2nd frame (early
systole), (b) 5th frame (late systole).
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Fig.12 Compressional strain rate in the left
ventricular free wall.
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Fig.13 Compressional strain rate in the whole left
ventricle.
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Fig.14 Shearing strain rate in the left ventricular

free wall.

00000000 48000 3.0000 40000 s™'0
goooo

U 1B3odooooobooooooooobcoooon
goooooooooooboooobooooboobonoso
gobooboobooooooboobobooboooo
0019000 10000 15000 s~ '00000oo

gbooboobooooobooboobooboo
pobooooooooooboo0 140000

5. O 0

000000000000000000MR-PCO
000000000000000000000000
000000000000000000000000
000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000 [18)00
MR-PCOOO0D0D0OO0DO0OO0 [15),[19]00
000000000000000000000000
000000000 ([15,1900000000000
000000000000000000000002
000000000000000000000000
0000 10000000000000000000
000000000000000000000000
00000000000000000000 [15],[19]
000000000008000000000000
000000000000000000000000
00000000000000 200000000
OOMRIOOOOOOOO0OOOO00O0O0O00000O
000000000000000000000000

1824

000000D000000000000000000
0[15,(1990000000000000000000
000000000000000000000000
00000000000000000000 1200
000000000000000000000000
000000000000000000000000
0000000000000000000000 102
000000000000000000 304000
000000000000000000000000
000000000000000000000000
ooooo
00000000000000000000000
000000000000000000000000
000000000000000000000000
00000 9(0000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
MR-PCOO00O0O0000D000O0DO0O0OOOO
000000000000000000000000
000000000000000000000
09000000000000000000000
000000000000000000000000
00 [20000000000000000000000
000000000000000000000000
000000000000000000 90000
000000000000000000000000
0000000000000000 ¢=>50mm000
000000000000000000000000
0ooo0ooo
00000000000000000 1200000
10000000 3000000000000000
0000000400000000000000000
000000 200003000000000000
O00OMROOOOOOODOO0OO0OODOO0OOO0 [19]
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000 150000000
000000D000000000000000000
000000000000000000000000
000000000000 12010000000 4



gooMROOOO0OO0OO0O0O0O0O0O0O00O00O000O0OCOOOOOOO

epicardium

endocardium

(a) (b) (©

015 0000000000o0oooooO (a)ooooo
(b)D0D000DO0DO0OO0D0DO0O (e)00OO0ODO
gooooooooooo

Fig.15 Schematic diagrams showing the myocardial

strain at systole, (a) end diastole, (b) shear-
ing strain at early systole, (c) compressive
strain during systole.
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