Quantitative Evaluation of Three-Dimensional
Myocardial Perfusion in Thallium-201 SPECT

Imaging
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Abbreviations : ACBG, aorto-coronary bypass graft ; CFP, circumferential profile; LAD,
left anterior descending artery ; LCX, left circumflex artery ; RCA, right coronary artery ;
ROI, region of interest ; SPECT, single photon emission computed tomography.
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Table 1. Patients with coronary artery disease.

No. of stenotic artey No. of patient

3VD 16

2VD 15
RCA+LAD 6
LAD+LCX 7
LCX+RCA 2

1VD 21
RCA 4
LAD 16
LCX 1

Total 52

3VD, three vessel disease; 2VD, two vessel
disease ;

1VD, one vessel disease; RCA, right coronary
artery ;

LAD, left anterior descending artery;

LCX, left circumflex artery.
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Table 2. Patients with coronary artery disease

undergone ACBG surgery.

No. of stenotic artery No. of patients

3VD 8

2VD 10
RCA+LAD 4
LAD+LCX 6

1VD 9
LAD 8
LCX 1

Total 27
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Fig. 1. Schema of polar display. Short axis slices
were reconstructed for stress and redistribution
T1-201 SPECT. Seven-thirteen slices were select-
ed from the base to the apex of left ventricle and
circumferential profile analysis was done. The
apex corresponds to the center of the polar
display and the outermost circle corresponds to
the most basal cuts.
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Fig. 2. Polar display of TI1-201 stress image and washout image of angina patient with LAD
and LCX disease. Ischemia of anterolateral wall was shown at peak exercise (A). The
washout rate was reduced in anterolateral wall (B). left upper, original counts map with
mean values and SD; right upper, extent map; left lower, severity map; right middle

number, extent score and severity score.
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LAD

Patterns of coronary artery for polar display. Shaded area corresponds to the

LCX

perfusion area of each coronary artery. RCA, right coronary artery; LAD, left anterior
descending artery ; LCX. left circumflex artery; A, anterior wall; S, septal wall: L,

lateral wall; I-P, inferoposterior wall.
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Ratio to anterior wall

Fig.4. Relative T1-201 counts in control men and
women. Each column indicates mean and SD.
Sep/Ant, ratio of septal wall to anterior wall;
Inf/Ant, ratio of inferior wall to anterior wall;
Lat/Ant, ratio of lateral wall to anterior wall. ;
men (n=7); [Ty, women (n=9), NS,

not significant: *, p<0.05; **, p<0.025; ***p<

0.01.
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Table 3. Intraobserver. interobserver reproducibility of myocardial
count on polar display.

intracbserver interobserver

ROI Case 1 Case 2 Case 1 Case 2
anterior mean 621.0 880.0 612.4 880.6
wall SD 3.5 0 17.3 4.9
CV(%) 0.6 0 2.8 0.6

septal mean 740.7 840.3 732.6 841.8
wall SD 0.6 0.6 10.6 3.0
CV(%) 0.08 0.07 1.4 0.4

lateral mean 972.0 948.0 972.8 942.8
wall SD 4.4 0 6.5 9.1
CV(%) 0.5 0 0.7 1.0

inferior mean 822.0 809.7 818.8 810.6
wall SD 4.4 0.8 7.6 7.2
CV(%) 0.5 0.07 0.9 0.9

Table 4. Intraobserver, interobserver reproducibility of extent score, severity score
and washout rate on polar display.

intraobserver

interobserver

Case 1 Case 2 Case 1 Case 2

stress image extent score(%)
severity score
washout image extent score(%)

severity score

washout rate(%)

mean
SD
CV(%)
mean
SD
CV(%)
mean
SD
CV(%)
mean
)
CV(%)
mean
SD
CV(%)

i o o
NOOOHDNNHFHOOOWOOCO

™o

s~

[an]

fem)

N W— 3OO0 o

3.0

o

=
COMOOOOoOOOOO OO

50.2 2.2
2.7 0.5
5.4  20.3

62.6 0
4.2 0
6.7 0

43.4 0
4.6 0
10.6 0

31.4 0
5.4 0

17.2 0

26.4  48.0
0.9 1.2
3.4 2.6

Table 5. Sensitivity for detecting myocardial ischemia by visual
evaluation and polar display.

sensitivity(%)

strict criteria

loose criteria

visual evaluation

washout (WQO)

polar display [exercise(EX)

EX-WO

48.0
50.0
36.5
69.2

96.2
94.2
76.9
96.2
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Table 6. Comparison between coronary arteriography and SPECT study, assessed by visual

evaluation, and polar display.

CAG (No. of Cases)

3VD 2VD (15) 1VD (21)
18 Total Total
(16) | RCA+LAD LAD+LCX LCX+RCA RCA LAD LCX
visual 3VD 7 0 0
evaluation RCA+LAD | 4 1 1
2VD LAD+LCK | 1 :+4 1 }-2
LCX+RCA | 1
RCA 4 2 3
1VD LAD 3 1 :%11 13 }'17
LCX 1
ND 0 1 1 2
stress 3VD 9 1 2 0
“?age RCA+LAD | 3 1 2
:dar 2VD LAD+LCX | 2 1 2 }—g 11 :%7
display LCX+RCA 1 3
RCA 1 1 1 -
VD LAD 2 1 }-5 12 Ak14
LCX
ND 0 0
washout  3VD 8 3 2 7 5 1 6
image RCA+LAD | 4 1 1
of VD LAD+LCX :+3 2
polar
display LCX+RCA | 1 1
RCA 1
IVD LAD 1 :%3 7 8
LCX 1
ND 1 2 2 3 5

ND, not detected.
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Table 7. Extent and severity scores, and washout rate calculated from polar
display.

total 3VD 2VD 1VD

tent %
extent scores(%) A7.8420.5 58.8=18.7 43.5+19.5  42.6+20.2

rese 1
stress image 45.3+33.8  52.9+31.3 48.3+36.9  37.2%33.2

washout image

severity scores

65.3+62.6 95.8+66.4  45.1+35.8  56.4%68.3
45.2+52.3 63.3+66.8 41.1+44.1 34.3%£43.1

stress image
washout image

hout rate(%
washout rate(3) 31.9+ 9.7 28.8+ 9.4 33.1+11.9  33.4% 7.9

Values are mean £ SD.
Statistical significance :
stress image extent score, 3VD vs 2VD, 1VD, p<0.01;
severity score, 3VD vs 2VD, p<0.01;
3VD vs 1VD, p<0.05.

Table 8. Extent and severity scores, and washout rate in polar display before and
after ACBG surgery.

preoperation  postoperation t-test
stress image
extent score(%s)
total 42.7+17.8 31.2+19.2 p<0.025
3VD 47.1£11.5 43.1+19.0 NS
2VD 44.2+20.8 30.7x12.7 NS
1VD 37.0+19.1 21.0+21.0 NS
severity score
total 46.81+45.8 31.7x£46.7 NS
3VD 54.6+35.5 39.1425.3 NS
2VD 47.7+£41.6 26.5+24.6 NS
1VD 38.9£60.3 30.8475.9 NS
washout image
extent score(%s)
total 58.7+£33.9 18.4+25.0 p<0.001
3VD 68.3%30.5 23.9%31.9 p<0.01
2VD 52.8%37.9 11.4£15.5 p<0.005
1VD 56.7£34.0 21.2+27.7 p<0.025
severity score
total 65.5+61.2 9.6+16.2 p<0.001
3VD 95.8+76.8 14.0+22.0 p<0.025
2VD 50.14+49.1 4.3+ 7.2 p<0.01
1VD 55.8+54.5 11.7+£17.6 p<0.025
washout rate()
total 28.9x11.6 39.3+ 7.2 p<0.001
3VD 24.0+ 9.8 38.0+ 7.9 p<0.005
2VD 32.9+14.1 42.5+ 7.5 p<0.05
1VD 28.9+ 9.4 36.9+ 5.3 p<0.025

Values are mean * SD. NS, not significant.




418 i1

ML (RD., 2088, AFHE <y 7 Dextent
score, LI L = v TOBEBERR, oLy 7
O extent B X U severity score, LEFEEOFEGH L
BT, SEREREICSEROEENLL »D5

Extent score

Pre Post Pre
Stress image Washout image
Fig.6. Regional extent score in polar display
before and after ACBG surgery. Each column
indicates mean and SD Pre, preoperation ; Post,
postoperation ; Y/ZZ///, bypassed area; ]
non-bypassed area. NS not significant ;
*, p<0.025; *%, p<0.005; ***, p<0.001.
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n
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Severity score
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Pre Post.
Stress image Washout image

Fig. 7. Regional severity score in polar display
before and after ACBG surgery. Each column
indicates mean and SD Pre, preoperation ; Pos
postoperation ; Y7777/, bypassed area; [
non-bypassed area. NS, not significant ;
*, p<0.001.
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0.01~0.05) %7,

IV. XERRTEENAR < 1 /S RITETH 1= 5 3 B ORB0H

B 0 E BT

ACBG fifAi#142 T1-201 &0 5 SPECT D {71
Th 3 EMEVERBECEEERREZICHEL, M
BOAMEE~y 7, 0Ly 7hoBH W3R
HAATBLOHRCHLESRF L (£8). vy 7
2R THIEGS, AN~ v 7Tl extent score DI
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RO Lm0l O L vy 7 TRE &Ko
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WHLE Y £5EF (p<0.001) B & OBBIREHHE
B (p<0.005~0.05) THIRERELRMEORE LT
7z,

]_— * k ‘—|
(%) [ T

Washout rate

Pre Post
Fig.8. Regional washout rate in polar display
before and after ACBG surgery. Each column
indicates mean and SD. Pre, preoperation ; P qt
postoperation ; [Z7//7), bypassed area; [
non-bypassed area. NS, not significant ;
¥, p<0.05; ** p<0.0l.
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Abstract

Three-dimensional polar display of T1-201 myocardial uptake and washout was developed
using single photon emission computed tomography (SPECT) in order to evaluate the distribution
of the regional myocardial perfusion quantitatively. Symptom-limited multi-stage exercise was
performed using a bicycle ergometer. Three mCi of T1-201 was intravenously injected at peak
exercise. SPECT data were obtained 10 minutes after termination of the exercise and three hours
later. Sort-axis slices from cardiac base to apex were reconstructed. Polar display was derived
from circumferential profile analysis of approximately 10 short-axis slices. The concentric circle
in the polar display showed the apex in the center and the base in the outermost circle. T1-201
myocardial uptake and washout rates were calculated in polar display. Standard patterns of the
polar display were calculated from 16 patients, 7 males and 9 females, without any cardiac
diseases. Mean minus 2 standard deviations was used as a lower limit of the normal range. A
significant difference of regional TI1-201 uptake and washout rate was shown between male and
female. Intra- and inter-observer reproducibility of polar display and parameters was good.
Visual and quantitative evaluation including extent score, severity score and washout rate of polar
display were compared with coronary angiography in 52 patients with coronary artery disease. In
visual evaluation of polar display, stress image combined with washout image showed a good
sensitivity for coronary artery disease (96%). Stress image identified the region of coronary artery
stenosis more correctly than washout image. Washout image generally overestimated the area of
coronary artery stenosis. The extent and severity scores derived from polar display showed
greater abnormality in multiple vessel disease. Patients with aorto-coronary bypass graft
(ACBG) surgery were evaluated by polar display. After ACBG surgery, extent score of stress
image, and both extent and severity scores of washout image showed significant improvement in
all patients. The T1-201 washout rate also increased after ACBG surgery. By regional analysis
of scores and washout rate, improvement of myocardial ischemia were clearly demonstrated. The
regional washout rate was improved both in bypassed and non-bypassed areas. In conclusion,
the polar display using T1-201 SPECT study was considered to be an effective method for
quantitative evaluation of regional myocardial perfusion.



