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Consulation expert system

The schematic illustration of the system structure.
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Sept. Post. Inf. Lat.

1.00 ] X X X‘
0.00 T T T 1
90 180 270 360

(degree)
Certainty (Function)

pr.

Post. Inf. Apex.
1.00 pex

0.00 T f— T
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(ring)
Certainty (Function)

a

ring # Post. 7{ )7
Seasgsasasl
|270°
b

Fig. 2 Localization of the left ventricular myocardial regions. (a) The certainty function
of localization by degree and ring (radious) on two dimensional (2D) polar dis-
play. PR; probability (b) Approximate separation of the left ventricular regions
based on this localization on 2D polar display.
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75 ERS L 22 (Fig. 2b).
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i

®E

P(ANT)
K DP(ANT)

- Defect pixels (DP (ANT))
w D-Extent (ANT) (%) Total pixels (ANT)
__DP (ANT)
a 180° 0° P (ANT)

270°
0

s
Circumferential profile
| (ANT n-th ring)

Normal (lower limit)

T
/, Sn(ANT)
L7777 777

Pixel data

Sum of defect severity (ANT)
Defect pixels (ANT)

D-Severity (ANT) =

< Sn(ANT)
DP(ANT)

Fig. 3 Assessment of focal defect on the 2D polar display. (a) Extent of the focal defect
(in the case of anterior wall). DP (ANT); the amount of defect pixels in anterior
wall. P (ANT); the amount of total pixels in anterior wall. (b) Severity of the focal
defect (in the case of anterior wall). 3ISn(ANT); the sum of the defect severity in
anterior wall.
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Fig. 4
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tress defect ] [
severity (ANT)

#1100
Stress defect severity (ANT)

Assessment of redistribution on the 2D polar display. (a) Extent of the redistribu-

tion (in the case of anterior wall). (b) Severity of the redistribution (in the case of

anterior wall).
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Fig. 5 Basic structure of diagnostic rules.
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{ D-Extent = 1/3 ~ 2/3 of the region —L\
I D-Severity = 10 relative counts ‘}\

Defect (+)
CF: 0.00 (min. ) ~ 1.00 (max. )

[ D-Localization = 0.3

[ D-Extent 2 1/2 of the region }‘ e
S— _‘ S y > /
I D-Severity = 5 ~ 15 relative counts } 7

e ces - S P
rD Localization = 0.3 —!

{ D-Extent = 1/4 of the region
I D-Extent < 1/3 of the region
| D-Severity = 5 ~ 10 relative counts Defect ( *)
- CF: 0.00 (min.) ~ 1.00 (max. )
| D-Localization 2 0.3 V

S Defect
[D-Severity > surround D-Severity CF

- - (default)

’ D-Extent = 0~ 1/3 of the region }\
< ~

Defect () 7
CF: 1.00 (max.) ~ 0.00 (min. )

[ D-Severity = 3 ~ 7 relative counts 17 RS
i S - e
I D-Localization <~ 0.3

D-Extent 2 1/3 of the region

{ D-Extent < 2/3 of the region

Irregular distribution o
CF: 1.00 (max. ) ~ 0.00 (min. )

I D-Severity = 3 ~ 7 relative counts 1 -

Fig. 6 Diagnostic rules for decision making of the presence or absence of focal defects.
The certainly factor (CF) suggests the certainty of existance of focal defect and
changes from 0.00 (minimum) to 1.00 (maximum) corresponded to the inputted
value. If any rules are not applied, the default is picked up for the consequence.

l R-Extent = 70 ~ 90% of the region
Complete Redistribution

J/ CF: 0.00 (min. ) ~ 1.00 (max.)

l R-Severity 2 90% change

R Incomplete Redistribution
l R-Extent < 0 ~ 40% of the region CF: 1.00 (max. ) ~ 0.00 (min. )

[ R-Severity = 60% change

Partial Redistribution
CF: 0.50

l R-Severity < 90% change

(default)

R-Extent < 0 ~ 30% of the region

No Redistribution
CF: 1.00 (max. ) ~ 0.00 (min. )

l R-Severity S 60% change

Fig. 7 Diagnostic rules for decision making of the presence or absence of redistribu-
tions. The certainty factor (CF) suggests the certainty of existance of redistribu-
tion and changes from 0.00 (minimum) to 1.00 (maximum) correspond to the
inputted value. If any rules are not applied, the default is picked up for the con-
sequence.
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Description:
There is a focal defect in the posterolateral wall in stress image.
(defect extent: POST {87} %, LAT {59} %)
There is a focal defect in the posteroinferior wall in stress image.
(defect extent: POST {87} %, INF {56} %)
In delayed image at 3 hours partial redistribution is seen in the lateral wall.
(redistribution extent: LAT {32} %)
Interpretation:
Myocardial infarction in posteroinferior wall with adjacent myocardial ischemia in
lateral wall.

Description:
There is a focal defect in the anteroseptal wall in stress image.
(defect extent: ANT {82} %, SEPT {86} %)
There is a focal defect in the apex in the stress image.
(defect extent: APEX {74} %)
There is a focal defect in the inferior wall in the stress image.
(defect extent: INF {73} %)
In delayed image at 3 hours no evidence of redistribution of radioactivity is seen in the
above described lesions.
Interpretation:
Myocardial infarction in the apex.
Myocardial infarction in the anteroseptal wall.
Myocardial infarction in the inferior wall.

Fig. 8 Interpretation of localization of ischemia and infarction taking regional coronary
arterial perfusion into consideration. (a) a representative case 1, 67 years, male.
(b) a representative case 2, 59 years, male. One of the rules which mention to the
coronary arterial perfusion is applied in the case of (a) but not applied in the case
of (b).
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REXFEZRARBR

BEEFZHBS®

88/11/10
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258 3.0mCi 5% BE
& &
{T1-201-Chloride} {L\&h SPECT £17(). 2 RTBEFERTECKIERILEIT I,
R

BEBICEOTARRBICRRAN DD (RIR extent : BB (67)%, P (84)%).
BEBCHEOTLRICRENHS (K18 extent © 1K (64)%),
BEBCHEOTHAECRBNSHSD (RiR extent © %8(94)%, I8 (76)%).
BEBCHEOTETRICRBRNDS (iR extent : K8 (94)%, TE(94)%),
R CN—2 v LGB HERHD (B fhextent | AIB(33)%). [0.60]

EBCA T — MEBAHERDHD (B fhseverity | %8 (69)%). [0.29)

3Esfdik, EiedEE P,
3Esfdik, LR,

R
BRTREENEZOND. [0.74]
BMANTHRBRMZMF > TS, [0.74)
DREENBEZXOND, [0.71)
AIRPBEENBE I 5N D, [0.60)
BAGAIRBMZE > TS, [0.60)
+ =

L3

[1.00]
[0.90]

[0.90]
[0.74]

Fig. 9 An example that the expert system takes good advice to the nuclear physicians.
(a) The report by nuclear physicians using SPECT images from three directions.
(b) The report by expert system using SPECT 2D polar display. The expert sys-
tem suggests incomplete redistribution in the posterior region that the nuclear
physicians do not pick up. 70 years, female.

1%t L T4 A (RR: reverse redistribution) o
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Short axis images

N B B

0 hr

(Stress)
3 hr A
(Delayed)

G S ST D S i 4 g

0 hr
(Stress)

3 hr
(Delayed)

0 hr
(Stress)

3 hr
(Delayed)

Description:
In stress images there are focal defects in the regions
corresponding to anteroseptal wall, apex, posterior
and inferior wall.
In delayed images after 3 hours the defect in the
anteroseptal wall appears smaller than that in stress
images, which indicates presence of incomplete re-
distribution of radioactivity in the anteroseptal wall.
Interpretation:
Myocardial infarction in the posteroinferior wall
and apex.
Myocardial ischemia in the anteroseptal wall.

2-D Polar display

redistribution

b

Description:
In stress image there is a focal defect in anteroseptal
wall (defect extent: ANT {57} 9%, SEPT {84} %).
[1.00]
In stress image there is an apex defect (defect extent:
APEX {64} %). [0.90]
In stress image there is a focal defect in posterolateral
wall (defect extent: POST {94} %, LAT {76} %).
[0.90]
In stress image there is a focal defect in postero-
inferior wall (defect extent: POST {94} %, INF
{94} %). [0.74]
Partial redistribution is seen in the anterior wall
defect described above 3 hours (redistribution extent:
ANT {33} %). [0.69]
Incomplete redistribution is seen in the posterior wall

defect described above 3 hours (redistribution
severity: POST {68} %). [0.29]

Interpretation:
Myocardial infarction in the posteroinferior wall.
[0.74]

Myocardial ischemia in a localized part of the
posterior wall is accompanied. [0.74]

Apical myocardial infarction. [0.74]

Mpyocardial infarction in the anteroseptal wall.

[0.60]

Myocardial ischemia in a localized part of anterior
wall is accompanied. [0.60]

Fig. 10 An example of the nuclear report made by this system.
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WAL OWE R T/, Eigofl L LT, ERIC
TREAKIL A BT 520/ 225 THH T
(Fig. 8a, b). AMLLME SPECT #: iz 33 v ¢, Fig.
8a TiX, KIAMNTHEEN L BEE, BXW, —iH
W&, Bz K A T3 H, Fig. 8b Tix, TEEND
DR, BIU, HBERE~L EX->TW5. 2 4
ELICTREXRBAER S, {MEME L LT
RCA 2B W TEEEDI O RIAKELTHARL LS.
RCA i+ 2 v —% Table 1 (2773, =D
N—iE, BTEECHEER S D, S6ICfBE h
FRICHL RIABRATWD L XICED L ) IR
ZERLTBY, [, PREORIAAKE <k
FAuE, FOEFNTH L THTEREBRLMELT
W5, FEEEED 0.8 Th D o3Ik, HpEKIED
BEMED» RCA LS THLAHEMEZET DT
5 %. Fig. 8a oa, AL —L@Ea L, B,
HRRARIRI B TREEX L L LIRIBOIRDR Y L
#™+ 5. Zhicx LT, Fig 8b i34 — 23
ALisnicd, BEEDRE, ORORIFIT TSR
DLW Y &30 &, HiBERRE, 0%, TER
BLoTTRRTS.

5) LAKR—tEAH

BRI, =% 28— h v =27 A%, HBENH
BHEY 25 ANOF — 4 R— 2 2¥ 2 LR,
IR O ST o SR AR L, FEEE &
L THERARS L 2 (BT L 2 7 A9 (3R,
EBI, EIXPDORT A =2, RIFDOEM®Y,
RIFOE S %, ERICHROL Y Ezhr L Lk

Table 1 An example of the rule judging the defect by
the disease of the Right Coronary Arterial
(RCA) taking regional coronary arterial
perfusion into consideration

IF Inferior defect is ‘4, and
Posterior defect is “‘+’, and
Septal defect is ““+’ or ‘4, and
Extent of the defect in the stress image:
Septal <Posterior or Inferior, and
Severity of the defect in the stress image:
Septal <Posterior or Inferior

THEN  defect of Posteroinferior wall (CF=0.8)
CF; certainty factor

27 % 2 45 (1990)

lEfAT 2L TE5. #HERFEREZIR-
FHHIEREE S 2 F ADLE— F ety T,
BB LR — - 2ERR L, FIRIZ1T5. Fig.
QL AR—bO—flERT. £, AL 2T AT
VAR — b O BBNERGEE AT X, RREREICX 5
LR — MERRLATRETH 5.

L. Bg BK 5% {f

D &

%HgE, 8TEI H24A LV BBEI 8 HET
DOF 1AERICOMf SPECT RRE 21T -2 BED D
b5, LEX, E8ikEy, EEEE%LHITL,
PZWIHEE L T W5 SSEER (Lt 16 5E6]) Th 5.
SEF ONIRIE, B0 E (AP) 11 4] (PTCA fifT 2

Table 2 The comparison of the judges between nuclear
physicians (NP) and expert system (ES) in
some kinds of heart disease. The mark ‘4’
means the count of patients that are cor-
rectly interpretated and the mark *‘—’’ means
the opposite. (a) The comparison in old
myocardial infarction (OMI). (b) The com-
parison in angina pectoris (AP). (C) The
comparison in normal study (N)

(a)
NP
OMI Total
_l_ S
ES + 19 1 20
— 0 0 0
Total 19 1 20
(b)
NP
AP Total
+ —
ES + 5 0 5
_ 2] 4 6
Total 7 4 11
©
NP
N Total
+ -
ES + 7 0 7
— 0 0 0
Total ' 0 7
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fl, AC 3o o3 RAREHEAT 1), R IH 8O A A 6
(OMI) 2045 (AC /31 % 2 AT 1 i), TE3 7

i, FofoLEBR206TH -7, s, OMI,
AP [iiZZWi 23 F ) TS ERIA 3 FlH Y, Zhb

(X OMI, AP jlj J5 123 | L 7z. AP, OMI [l 4]
i, & TR BIIRE ¥ (CAG), ExiE (LVG)
DT & AT v DL EEFNE, OEM (ECG),
CAG, LVG (B W TR B O i h o %
FRIECTH 5. AT 1950 T3, Vi
15154 13.6 TdH 7.

2) HEBHHE

Table 2a, b, ¢ |2 FABPHIE %5733, OMI T
20 Gl 19 B THiHE O—FE AT, ARA—E o 1

I, Ay =7 L OMI, ERHE AP T - 7.

103

AP 11 5] T4, 9 flT—FL, & o260,
FhERAARY 27 2HEA V¥ 27—, Rif{L
Tdolo. EMREEEWS LD AP HEE F LK.
PO 2 T E SV IERRET B, & TX
Hie LT L.

3) ATk, EERBIHIE

Table 3 (Z A ffilifq T o FALHIRIRAEE 5.
EEHEC T 2R L 2 7 4 0—8BE, KA
HY (+) 12Kt L T 0.79 (53/68), “KifHA L (—)”
(2 LT 0.94(248/262), a4 2 & 0.91 (301/330)
T ol —FIEOEH - A, DikE kg,
fbETATOI LU LETH -7z, 722 L, JIBECE
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Table 3 The statistics of matching between nuclear physicians (NP) and expert system (ES)
about focal defect (FD) in regions of stress myocardial image

Match Mismatch Matching rate

FD . i

Total EI; + TI;SP i Total - Total
Ant 14 38 52 2 1 3 0.93 0.95 0.95
Sept 11 40 51 2 2 4 0.85 0.95 0.93
Post 8 41 49 3 3 6 0.73 0.93 0.89
Inf 8 40 48 S 2 7 0.80 0.89 0.87
Lat 3 50 53 2 0 2 1.00 0.96 0.96
Apex 9 39 48 | 6 7 0.60 0.98 0.87
Total 53 248 301 15 14 29 0.79 0.94 0.91

The mark *“+4’' means that there is a FD in that region and the mark ‘“‘—’> means that there is no FD. The

matching rate means the rate of ES judge per NP judge.

Table 4 The statistics of matching between nuclear physicians (NP) and expert system (ES)
about redistribution (RD) in the regions of delayed myocardial image

Match Mismatch Matching rate
RD
NP: NP: +

Total ES: ! ES: Total - Total
Ant 2 10 12 3 | 4 0.67 0.77 0.75
Sept 2 7 9 1 3 4 0.40 0.88 0.69
Post 1 7 8 2 1 3 0.50 0.78 0.73
Inf 0 6 6 2 2 4 0.00 0.75 0.60
Lat 2 1 3 3 0 3 1.00 0.25 0.50
Apex 0 5 5 3 3 6 0.00 0.63 0.45
Total 7 36 43 14 10 2 0.41 0.72 0.64

The mark ** 1" means that there is a RD in that region and the mark *“—** means that there is no RD. The

matching rate means the rate of ES judge per NP judge
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Table 5 The evaluation of this system by nuclear
physicians is classified to the following four

categories
Other
OMI AP N disense Total
A 8 6 7 9 30
B 7 2 0 7 16
C S 3 0 4 12
D 0 0 0 0 0
Total 20 11 7 20 58

A: Excellent, B: Good, C: Fair, D: Poor
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Summary

Development and Clinical Application of an Expert System for Supporting
Diagnosis of 2'T1 Stress Myocardial SPECT

Masato HoriNO*, Minoru HosoBAa*, Hidenobu WaANI*, Noboru ORIUCHI**,
Madoka TATENO**, Tomio INOUE**, Yasuhito SASAKI**, Hitoshi IGARASHI***
and Toshio lIZzUKA****

*Medical Technology Research Laboratory, Shimadzu Corporation
** Department of Nuclear Medicine, ***Clinical Nuclear Medicine Division,
****xThe Second Department of Internal Medicine, Gunma University School of Medicine

A consultation expert system which supports
our computer aided reporting system was de-
velopzd. The system was used for the evaluation of
the two dimensional polar (bull’s eye) display of
201T| myocardial SPECT. The system consists of
patients management (PM) and consultation expert
systems (ES). The former is connected to image
processors coupled with scinticameras.

The bull’s eye display of myocardial SPECT is
transfered from image processor to the data base
of PM. When inference request is made, the feature
extraction program extracts information on locali-
zation, extent and severity of focal defects com-
paring count-rates pixel by pixel with the reference
obtained from seven normal controls. The inference
engine is activated to determine presence of focal
defects utilizing diagnostic rules in the knowledge
base. The results are sent back to PM and reported
with the probability of assurance.

Fifty eight patients with old myocardial infarc-

tion (OMI), angina pectoris (AP) and other diseases
as well as normal controls were included in the
study. The decision for presence or absence of
focal defects by ES agreed with that by nuclear
physicians (NP) in 301 segments among 330 (91 %)
in stress images. The presence of redistribution in
delayed images agreed in 43 segments among 67
(64%). Image interpretation by ES agreed well
with that of NP in patients with OMI (19/20) and
AP (9/11). Seven were interpreted as normal by
both ES and NP.

The system is useful, as it provides NP with
complementary and supportive information ap-
plicable to decision making and reporting. Further
clinical experiences can improve knowledge base
for better ES function.

Key words: Myocardial SPECT, Artificial in-
telligence (Al), Expert system (ES), Computer
aided reporting system.
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