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Systematization of Nuclear Medicine Diagnostics

Kinichi Hisada

Department of Nuclear Medicine, School of Medicine, Kanazawa University, Kanazawa, Japan

Research Code No.: 720 .
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In the past three years after the foundation of the department of nuclear medicine of Kanazawa Uni-
versity, we have been trying to establish a system of nuclear medicine diagnostics.

The results obtained are summarized below:

1. Some specific signs of the radionuclide studies may be so characteristic that a specific diagnosis
is possible. As the number of these specific signs increase with improvement in instrumentations and
radiopharmaceuticals, the accuracy of specific diagnosis may considerably improve in future,

2. Unfortunately, since the most abnormal findings of the radionuclide studies are not always specific,
the differential diagnosis is generally difficult on the basis of a single abnormal finding. Fowever, this
problem could be resolved by the combination of several abnormal findings in single or several studies.
Namely, if several relatively poor findings are combined (so called “a combined radionuclide examina-
tion™), the accuracy of diagnosis could be increased. Then, we would like to propose to term a coupling
of specific signs and a combined radionuclide examination “a nuclear medicine diagnostics”.

3. Asa processing of diagnostic logics, the following two methods has been used: i) flow-chart rethod
based on the branching logics, ii) computed numerical diagnosis by the Baves’ theorem, the likelihood
method or the multivariate analysis. Using a minicomputer and a mark-card reader, we are routinely
carrying out the computed numerical diagnosis on real time.

4. Although a limited number of flow-charts of thyroid, brain and liver were demonstrated in the
35th annual meeting of Japan Radiological Society, many diagnostic flow-charts of every organs have

been accomplished. Tn the near future, they will be published elsewhere.
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Table 1. Classification of abnormal findings
obtained by various thyroid isotope tests

A. Specific
1) ectopic accumulation of radioactiv iodine
2) TSHT
3) calcitonin T
B. Relatively specific
1) positive KCIO, discharge test
2) multiple defects
3) hemilobar defect
4) hot nodule
5) hypervascular area in perfusion study
6) FTIf
7 FTI]
C. Relatively nonspecific
1) enlargement
2) atrophy
3) solitary defect
4) solitary defect with ipsilateral enlargement
5) radioactive iodine uptake |
6) radiocactive iodine uptake |
7 Tt
8) Tl
9 T,1
10) T,
11) T,1 and T, normal
12) resin T, uptake |
13) resin T, uptake |

(relatively nonspecific) A L i KB TE 5, #l
2 ¥ Table 1 oo FURAR RI a0 R Ao,
BRI R & LT, BP0 BT 450 R
BRI % Tk LARILIE o FURBRE O SR 30
CEELZ LR BHTHTHSH L, TSH LT
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RATRWP L BT X, ¥ FRERERE T
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7Ty e A I EERBHINER AT Y. —
Ji B R RR eIt R & LTk KCIO, JirHhE s
[atkin E T EOREHTRX BTG 50, Zof
Bl X SRR & R ITEEE, Table 2 RFFE X
hTwa X5, EEkd 2 <0 BERERNR
M4 % % fo 5% KA, adenomatous goiter %
BEY vl DD, MARRBELTRELADD
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X pathognomonic ffRL A IXE 2o\, BTk
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AT ERE Y A Ty ST H L Table3 o
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TR & Tk 2 DERBLREN DD LY
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WA R e b4 fiidat #8FET 5 )
#:l% Benjamin Felson D§28 i/ % Cincinnati
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WA BFO TR A BT D & & AURIT S
Fox hpr 101D

A % + VIZREFN404E X D BIFE % CIi2fy 4,500
PR L e B h, FFEOAL —F v HEEE LT

Table 2. Diseases showing multiple defects on
thyroid scan

I Common chronic thyroiditis
i adenomatous goiter
malignant lymphoma

Rare ° metastatic tumor
'intrathyroidal metastasis of thyroid
carcinoma
amyloidosis

multiple adenoma

Table 3. Digeases and conditions showing
increased resin T, uptake

Common Graves’ disease
thyroxine overdosage
chronic thyroiditis
subacute thyroiditis
autonomous hot nodule
adenomatous goiter

Rare TBG deficiency
struma ovarii
TSH secreting pituitary tumor
choriocarcinoma
hydatiform mole
hypothalamic hyperthyroidism
metastatic thyroid carcinoma
androgen overdosage
androgen secreting tumor
nephrosis
hepatic insufficiency
cachexia
corticosterone overdosage
anticoagulant overdosage
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Table 4 Classification of abnormal brain scan findings

1)
2)
3

4
5)
6)

1)

20)

A, Specific

radionuclide angiography: fip-flop pattern
: non-visualization of intracranial vasculatures
partial disappearance of superior sagittal sinus and visualization of colla-
teral vein
tail sign (trailing edge)
viking sign
hockey stick pattern

B. Relatively specific

radionuclide angiography: increased activity at face or neck

: early transient increased activity

delayed andfor poor visualization of main cerebral artery
internal carotid venous reflux

; mal-located superior sagittal sinus

; hot nose phenomenon
increased localized activity at interhemisphere (butterfly or callosal pattem)
abnormal scan in a patient whose scan was normal 1-2 week ago
cyclops sign andfor isogonal sign
low position of transverse sinus or torcular herophili
diffuse increased activity at hemisphere
linear activity (without rim and doughnut sign)
asymmetrical size of cerebral hemisphere
sphere type increased activity at cerebello-pontine angle
fun or band shaped increased activity at the area of middle cerebral artery distribution
more intense abnormal accumulation with *"Ga citrate than with *®TcO=~ or *mTc¢ DTPA
more intense abnormal accumulation with *mT¢ EHDP than with **mTcO-~ or #mT¢c DTPA
prominent increased activity in early scan than in delayed scan
sphere type increased activity at middle of anterior and/or middle cerebral fossa
increased cerebellar vermis activity

C. Relatively nonspecific

RI angiography: delayed increased activity
decreased activity
deviated anterior andfor middle cerebral artery
persistent increased activity
normal static brain scan with decreased perfusion in radionuclide angiography
normal static brain scan with increased activity in radionuclide angiography
prominent increased activity in delayed scan than in early scan
abnormal scan in a patient whose scan changes to normal after 1 or 2 weeks
multiple increased activity
decreased activity in static scan
doughnut sign
rim sign
crescentic pattern
frontal lucency sign
tentorial confluence sign
band like activity along superior sagittal sinus
localized irregular activity
faint localized activity
increased activity around orbita
sphere type activity at lateral of anterior andfor middle cerebral fossa
periventricular increased activity of unilateral hemisphere
sphere type activity of cerebral hemisphere
increased cerebellar hemisphere activity
localized increased activity at peripheral rim
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Table 5. Diseases in which *»Tc-EHDP
scan reveals more intense accumulation
than #mTcO,~ brain scan

Common skull fracture
cerebral infarction
metastatic skull tumor
skull invasion or reaction due to
brain tumor (meningioma, oligode-
ndroglioma, acoustic neurinoma)
Rare myelitis
skall tumor
Paget’s disease
craniosynostosis
rhinocerebral mucormycosis

AAESRMSRFSER HITE BLE

Bamxhpstch%oht, Tabled Tk Lhfgayll
ERE o ek, Table 6 CRT X5 ic 4
VAN OEBPIETCI0 A x - vk 5Tk
Nbhb.

A% v VIZWEMS7T4ES A X D4 H £ THRK
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IR O D I X RTH ENTEL., TO
PR L A L2AE RN HRIE U 2o A BN 24 7 0 FHRH

Table 6. Diseases and conditions showing
crescentic pattern on brain scan

Common malposition of head
nonuniformity of sensitivity of gamma
camera
surgical injury
bone fracture
cerebral infarct
subdural fluid collection
meningitis
cranial deformity andfor thickness
effect of previously admitted Sn(IT)
compound
Rare scalp trauma
scalp inflammation
scalp tumor
probe effect of EEG examination
skull tumor
cranial osteomyelitis
cranial Paget’s disease
fibrous dysplasia
craniostenosis
hyperparathyroidism.
epidural lesion
neoplasma of dura
leptomeningeal cyst
cerebral contusion
cerebral abscess
cerebral atrophy
encephalitis
Sturge-Weber syndrome
unilateral hydrocephalus
arteriovenous malformation
vasculitis
renal dialysis
lymphoma
brain scan performed immediately
after CAG
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Table 7. Classification of abnormal findings by various liver radioisotope tests
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5) ®mTcO,” scan: perihepatic halo sign

B. Relatively specific
1) radiocolloid liver scan: focal areas of incrased uptake of radiocolloid (hot spot)

2) : massive hepatomegaly

3 : liver atrophy

4) : giant splenomegaly

5) 1 bone marrow visualization
6) : kidney visualization

7) radioisotope anglograpny vascuiar SOL
8) blood pool scan: SOLwhich has a similar to or less than normal blood pool

C. Relatively nonspecific
1) radiocolloid liver scan: [focal areas of decreased uptake of radiocolloid (SOL)

2) . slight hepatomegaly

3) : slight splenomegaly

4) 1 colloid shift to spleen

5) : lung images

6) hepatobiliary scan: .1eart image visualization

) : prolonged excretion into gut

8) : focal areas of decreased uptake of radiocolloid

9) combined liver-lung scan: separation of liver and lung images

4) blood pool scan: spcace occupying lesion (SOL) which has a higher blood pool than normal

A. Specific
I)P radiocolloid liver scan: right side atrophy and relative left side hypertrophy with moderate spleen
visualization
2) : right side hypertrophy extending inferiorly with convexity configuration
3) : band 31gn

)] : hypo or avascular SOL which has a more increased activity at delayed phase
10) tumor scan: SOL which has a "Se-selenomethionine uptake

11 : SOL which has a ®"Ga-citrate uptake

12) radioimmunoassay: high AFP titer with SOL

13 ¢ high CEA titer with SOL

14) hepatobiliary scan: focal area of increased uptake

15) : ahsent excretion into gut

16) : porta hepatis defect in severe jaundice

17) : porta hepatis defect which has an increased activity at delayed phase
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RS LONTRFIRPAZIED B 5 3, rare w AR D
S DLDODOAREELFAEL . mtmw%ﬁt
B S LoREFIRAE B3 2 T IR P e A 3%

FCEBHHY, fLoBfoiElk b h Tk
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hy, EHIC Table 9 icmd- o & <, common 7¢
D & UTEBYE, RIEoirE 2 505, 1B,
AWEE, B, sMEoEs», EESY=—va v
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L ETRD 2 < OIEENEL LTS
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RED X5t L I EELE 5 %15
Tevs. BT RI BERER OfRE BT X %20
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Table 8. Focal Areas of Increased Hepatic
Uptake of Radiocolloid (Hot Spot)

Common superior vena cava syndrome
hepatic venoocclusive disease
Rare cirrhosis
constrictive pericarditis
hemangioma
abscess
reticulum cell sarcoma
hamartoma
iatrogenic injection into a hepatic
vein via a malpositioned central
venous catheter
normal

Table 9. Focal Areas of Decreased Hepatic
Uptake of Radiocolloid

Common metastatic neoplasm

primary hepatic neoplasm

extrinsic factor and physiological
indentation

liver abscess and granuloma

solitary cyst and polycystic disease

trauma

Rare cirrhosis

malignant lymphoma

postradiotherapy

hemangioma

multiple myeloma

viral hepatitis

hepatic venoocclusive disease

focal nodular hyperplasia

hyperlipemia

amyloidosis

progressive systemic sclerosis

chronic graunlomatous disease of
child

paroxysmal noctunnal hemoglobinuria

polyarteritis nodosa

toxernia of pregnancy

giant cell arteritis
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Fig. 1. Diagnostic flow-chart in case of suspected
hypothyroidism

RIS AR TUHETE 2 58 5 513 X BT Ty il
E sz IR 2+ + v KCIO, jiHikh
RELMZBW 7 = —F » — METETHEMES LM
L, HURIRIE o ERRH Tk x i Ty MR
Bx, TSH jliatis, Rl 7 v¥4+27/57 4 —,
CEA, WA Fb=vDFoH AL/ T w1, {8
Fi, XEREOBMPALELRY, FOBH7

—F o= MIZELLE b LD, ThD
D7 r—F p»— MIPEBPCENTS.

4. 2 JMEE

A+ v O EMT ¥TcOy BHAETETS
Bty RI 7 vt 757 4 —2EEL T
BDT, HIBKTRI 7vEr 354 o Bk
- BHIMEED <2 — 260 #Ld, @ H
m, ® EHe3RfLTw5, Fig.2iw RI 7
¥ AR - EMMEHE RI HAEHNO 2K~

293—(75)

LS XN

RI-PL¥at
WL EEEE — ,',E'J"‘ Lﬂ‘gnﬂm LamaRta
RI#HM0 BRI 5

th:l!u'r_‘m

|lmlnm}—a WRMR T

HIEFE HORS
[early ‘scon < delayed scun *u»mﬁlumlm
No EERE (hot stroke)
fiTH-E-5H
DLE]
aEEn

Mo 411N Eﬁllill))]

B AGIENE 1%, & nnuan
Elallﬂmll - uumr, perfusion |

CFETPAd [_“u 7 Yes, SRnmm
I;;{;, ? R AR R

Yes *-J:L Elg:d
eorly scon )ml.qned scon|—S5s R AR S RS

Bﬂ“ '—"“ e mu:t ury perfusion
RoAn 1140 907 B ity

INn ‘m

inmsuwn M Emppﬂ Yes Yes, @ ~iB30L IR
El [7 "‘E T BRLALE A
i Teﬂ 24 x|

Nl g ndmu;n

17 —l“—'m Rz l:um
Ban

] L L]
[ — hﬂﬁﬂl(lm:!l’!ﬂ.lw)

PITe00 A% | yag
A =Y 1wk i
1o EHDP 24+ |

INn
LT

Fig. 2. Diagnostic flow-chart in brain lesions (1)
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a. 10=15 sec

b. 15=20sec

25=30 sec

HAEZMHRES MRS 378 e

Fig. 3A.

reveals focal area of persistent increased activity.

increased activity than static delayed scan (g-h)
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Fig. 3B. Simplified diagnostic flow-chart
in brain lesion () in case illustrated in
Fig. 3A

10 min g.

Radionuclide studies in a case with meningioma.
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serebral radionuclide angiography (a-b)
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Diagnostic flow-chart in case showing

loid liver scan
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Table 10. Results of radionuclide angiography
and "*Se-selenomethionine tumor scanning in
liver diseases

positive RN positive

angio. "“Se-met. scan.
hepatoma 31/41 C 76%) | 27/37 (73%)
cholangioma 01 C 0%)| 0/1 (0%
8/40 (_ 20%) | 5/27 (19%)
1/1 ( 100%) -~

113 C 8%)| 0/6 (0%)

metastatic ca

hemangioma

other benign
lesions

Table 11. Comparison of the results of caolloid
iiver scan and serum AFP radioimmunoassay
simultaneously performed in 56 cases of hepa-

toma
AFP
300 [ =200 | ot
ng/ml ng/ml
colloid _ 3 4 7
liver i (13%)
scan il
defect | T 11 38 (88?%)
14 42

subtotal (25%) (75%) total 56 .

Table 12. Commparison of the results of colloid
liver scan and serum CEA radioimmunoassay
(sandwich method) simultaneously performed in
58 cases of metastatic liver cancer secondary
from other digestive organs

CEA
subtotal
< 5ng/ml | = 5ng/ml
colloid | __ 4 9 13
liver ) (22%)
scan 45
defect | T 8 i (18%)
12 46

subtotal | (219%) (19%) total 58

vV, "8 &L 2 Fd = v AF 4 v, AFP, CEA
DI A ATyt lnE DFERNEECHE
RIA=2 LD, FRThOAS A —2D5 DB
REGIE DB HEEF L FoT D & D % %55
&, Table 10i7R3 2 & <, FEIAEMEHAIREC 3
WTik RL 7 ¥4 [RMER31/41 (76%), ©Se +«
V/ AFK= Ay VEMER3T (73%) &,
BT RED8/40 (20%), 5/27 (19%) X b
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BWEEERL, HORE7 v~ 4 — D Yes,
No DB/ MOYTEREE L LT LS & hShh
5. Table 11iLEFEMEITFRESOFIC I B HF A 2 o
vk AFP 524 A0 T 5 A FEHETORER
THHN, Fas s 496 (88%) H/RIBHKH
X, AFP 424 (75%) MEFE % R LTk
b, MEPHC XD, RREMIFE566 3 flx
PR 530 (94.6%) K F =y 7 T3 2L TX
5. Table 120X (LA HEEFESBHIC 31T 5 IF = %
yvd& CEA 5244 87 7 y-eq 0RO
FRTHDH, FFAF+» 456 (78%) 23R
teth e, CEA T5ng Ll E# Ry E L 3346
Bl (79%) HMEREEiEHEah, WEHHTS LIF
135800 4 BA bR < 544 (93%) WCF = o 2
TAHZENTE, AFP,CEAD T UH L A Ty
A AE s vEL-FVIEHHTAZ LIT X
b, FERETRE, BSEiEgox 7Y —-= v
SIZH LS HRL S B &\ b, Xbic Fig.5
R BRI s B i CEA L AFP Lt o>
Bl oW TRz b D TH B s, CEA 255ng/ml
DAETHIUIFRA E L CEBEIFETHSD & &2
%, AFP 2% 200ng Ll CHIEmaRIFEIEHT

hepatens
* metastutic liver ca
e & other malignant dismases

.
Beniga di
s & benigs diseases

(ng/al)

fee et e

aa d e

e 108 1,000 10,000
AF P [ngfmi)

Fig. 5. Relationship between serum CEA and
AFP titers in case of localized hepatic
diseases
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AFP: 500 ng/ml
CEA: less than 2.5 ng/ ml

Fig. 6A. Radionuclide studies in a case with hepatoma. ?*nT¢c-Sn-colloid scan (a) shows a clear
defect. Arterial phase of hepatic radionuclide angiography using **»Tc-HSA (c-e) reveals that
the lesion is hypervascular. "Se-selenomethionine is taken up avidly in the lesion.
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Fig. 6B. Simplified diagnostic flow-chart of
intrahepatic space-occupying lesion in case
illustrated in Fig., 6A
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Fig. 7. Sensitivity and specificity of multiple

brain lesions
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Data Calculate frequency K (I, J)

I = disease
J = scan parameter

J
Caleulate density function p (I, J)|

J
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[ATE It o]

vaive ST =0(])Flog p(L,J)

1

Decide order of

FACOM discriminant value
230/35 s
Frint out first to third
order of Legical diagnostic disease
and their discriminant value

&

Fig. 8. Flow-chart for computed numerical
diagnosis of brain lesions
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Table 13 Accuray and reliability rate of
the numerical brain scan diagnosis by
the maximum likelihood

Pituitary adenoma

. R R Accuracy | Reliability
Final diagnosis rate rate
. A 22 22
Gliohlastoma 76%(2—9 69%(32“)
Astrocytoma 15%(% 50%(%’)
SIS A 42 42
Meningioma 96% (‘E 73% (@)
Acoustic neurinoma 100%(%—2- 95%(‘{&)
0
3

=
S
e

—
<
S
&
o

raniopharyngioma o ig HT%(%}
Metastatic tumor 69% g—g 100%(33.)
e | (s
Infarct 10000'(-3-8. 71%(}%)
A-V malformation 0%‘(-g— 11 %(_é_)
Subdural hematoma 9400(—}.-é 75%(.%.)

No of correct numerical diagnosis
Total no of final diagnosis

*x 100
No of correct numerical logical
Total no of numerical diagnosis

100

Table 13ICHASHEIC X BERARTH, JIRE
DFKRDE 1 GLITH Ut iR i 4 & ik

accuracy rate=

reliability rate=

s

HAREZRERESMES #3748 g35

% & O ILOKERTH B . [orhR & [EiF
BRIBORERIC & 0 B7c %A%, AT 2 ay ek
100%, {EMEE9S 2 &I 1 <, i, 7 5 =
A7y ) v =, e, W flE g
RXLThENS%, 100%, 100%, 942 &I
A, BB R ERTY, T1%, 119,
7506 L ILRIE <, T i h S h B TIikilh i
U ASBEBIT MR D D, P s ST
& LRBT BN S e ki, 7Y
AT I A =BT, ([EHIE9% & ic
A0 ieV . —HEB IR g6 % &
i ORI EEEEL 100% LR, Bk
TERAVEIE & e hud, FRURA E fei e
W ERBRRT S, BMaE, TERE,
100, BYEIRAT R IR s Mg %
4 v static image o 2 TIHEE I HIIARTTHE T,
WIARL 7 v, FERR A % 4 v, ¥ Tc EHDP
AF oy YMETH S . AUIBHRCTEE M4 &
AR OH 1 (i o R A FEHTRD
&, Table 14D X 512, 7o X7 VF 752
= <2900 5 B22FMFRLI CIE L < Bl s h
fehs, A EREIRENE, 3 fnERige & Mo T
Shicl &cied (Mo . —) il
Bfr2i 27 Y 5k 7 5 A b ——~ LBl Uil A ike2pht
IEZTH LD, BANNE 4 01, BEENE 1 41, ER

[ar

(el

Table 14 The results of the numerical brain scan diagnosis by the maximum likelihood method

. - - ‘: w

\\ Final diagnosis g g EE . EE o ol |2 :;:-' a .§

= =} = - e — B | & = E E b= [

S | 5| P |Ec|sP|IS. | 5 |ES|S |B8| E| B |~
Numerical = = |8ElzE|8g| 2 |ES|Es(88| B & 5 —
diagnosis \\‘*\ 2 & 818 g 8 B § g S % é 2 E £ g5 5 s | £ 3
~] © < P |<E|CR|IZE| S |AE|KE|(S8|«eg| S | O =

Glioblastoma @ 4] 1 4 1 32

Astrocytoma @ 2 4
Meningioma 4 3| @ 4 1 3 | 58
Acoustic neurinoma 1 a® 19
Craniopharyngioma o 3 13
Metastatic tumor @0 20
Infarct 3 2 1 an | 1 i I 56
Subdural hematoma iG] 5 20
Other lesions 1 1 3 9 14
Total 20 | 13 | 44 | 18|10 | 29 | 40 | 16 3 2 9 8 | 15 | 236
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Table 15. Advantages and disadvantages between the two systems of nuclear medicine diagnosis

' Flow-chart method

Method using minicomputer and mark-card reader

. | . .
Principle | branching logics
Cost cheap
(paper and pencil)
Special needless
technique
Generalization high
Addition of new | rewriting of flow-chart is easy
parameters
Accumulation of | modificaton of flow-chart by
| data feedback, application of bran-
| | ching logics to medical diagnosis
has limitations
Digcrimination | Yes or No
Quantitative ! No
' analysis |
| Report handwriting

Application for | Yes

selfteaching !

computed numerical diagnosis by Bayes’ theorem,
likelihood method of multivariate analysis

expensive
(hardware)

Technique of programming is needed

low

relatively troublesome, must modify not only mark-
card but program

As internal sample increase, accuracy and reliability
rate improve

continuous andfor discrete multivariate
discriminant values and order of possible diagnosis

automatic, real time
No

Table 16. Accuracy rate of computed numerical diagnosis of internal and external samples

No. of Accuracy rate (internal sample)
confirmed ‘_“'_}_ first and | first, second and
| cases first rank alone | o oond rank | third rank
— -
September 1965— April 1974 236 .1% : 90.3% [ 95.8%

oo NS o
confirmed Accuracy rate (external sample)
cases _

| May 1974—December 1975 74 67.6% 74.3% ‘ 81.2%
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