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ROC Analysis of Computed Tomography and Renal Scintigraphy
for Renal Diseases
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Receiver operating characteristics (ROC) analysis was performed in order to experimentally
evaluate the clinical efficacy for the detection of focal renal diseases and the diagnosis of renal cell
carcinoma (RCC) by computed tomography (CT) and renal scintigraphy.

Case materials were selected from the studies obtained at the department of radiology, Jikei
University School of Medicine, during the period between January, 1979, and September, 1981. They
were composed of one third of RCC, one third of focal renal diseases other than RCC and one third of
normal. Sixty cases were interpreted by 18 radiologists and 40 cases of renal scintigraphy by 11
radiologists.

In conclusion, CT was useful both in the detection of focal renal diseases and in the diagnosis of
RCC, while renal scintigraphy was useful only in the detection of focal renal diseases. The problem of
optimal decision making can be solved by the information theory from the view point of ability to
discriminate a disease from normal or other diseases. Medium decision criteria was best in the detection
of focal renal diseases by renal scintigraphy and the diagnosis of RCC by CT. Strict decision criteria was
optimal in the detection of focal renal diseases by CT.
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Table 1 Case materials of CT
I) Renal cell carcinoma 20 cases
(bilateral: 1)

ITI) Other renal disease 22
pelvic tumor 4
angiomyolipoma 1
reticulum cell sarcoma 1
simple cyst 10
hematoma 2
staghorn cale. 1
milk of calcicum renal stone 1
hydronephrosis 1

III) Normal 18

total 60

Table 2 Case materials of renal scintigram.

I) Renal cell carcinoma 13 cases
IT) Other renal disease 15
pelvic tumor 2
TB 1
simple cyst 9
polycystic kidney 1
hydronephrosis 1
III) Normal 12
total 40
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Table 3 Number of observers with years of experience

CT RI
5yrs.< 3 2yrs.< 3
3—5yrs 5 <2yrs. 8
1-3yrs 5 Ttotal 11
<1yrs. 5

Ttotal 18

FRFI604F 4 A258

(67)



652

positive rate) §t# L, #félh TPR, ##h FPR o
ERXEECLT vy FTBHZ LR > TERE, UTF
£ EEA (OP, operating point) %% D X 5 12k
LT 5.

(5 1=0P1 (BHEEFE)

[FEI=0P2 (FhREFE)

[4E%E |=0P3 (EREFED)

A TEE B hic ROC ihif % & B I FHi 3
SR, HFREROBMSLYEAL TRITEZTL-
799 BILEREOHEL —>OMWRBERREE L
T X {x, X} TEbL xi DHEBEERL P(xi) &
T5E, ZOROMHEHEHX)

H(X)&- 3 PGxdlog P(xi) +weevee+(D)
TEHEIN, ZOREBRGROTHEEESD 5\ L
AMELRLTWS, —HHROEEDS $1c—D
DHERESZRLE 2 Bh, Yy, v} THEbEIE,
ZORE2WTHFRE HY) &R ckdbh
5.

H(Y)=- p P(yilog(yj) «weeeeeeeeeea(2)
ZZTxi, yjORKHERXY P(xi, yDETHEY
wRBLEBEo X oEHE(=v ey —), H
XIY) B&XNTERIhS,

HX | V)&-3 = PG

P(xi | yi) log P(xi | yvi)
L, PG&ily) £ Pi, yid/Pyi
T, (DR, QR KkOKIBIRLS S,
0SHX | Y)SHX) erveeeeerreennnnann(4)
HoT, YHREHRTAZ LI o T X OFHREI
WEEL, CoEvEEER HELERE IXY)
LIRS,
IXVN2HX)-HX | Y)
=HX)+H(Y)—HEXY) -« ®)
{51

HEXY)= b ? P(xi, yi)log P(xi, vi)
ThbH, WHEOESY 2 & Uik, HAkbit &7
5, EREERENKEVE, X T A Y 0ol
EABWE EXEWRT B, Lo ERIZ@Rom
CHXTHB 0T, EEHER »=1XY)/HXD
RO THB R T -1,

I, #% e
1. BREMRZEREHOTY ROC ik

(68)

BB o ROC fEdT

Fig. 1A 1%, CT18%, B v+ 7 7 ALILDE
OB SEEEFRAKTSERELER
TPR, #/RE2 K FPR OEHEREA CEB LR
72 ROC 88 TH %, =dRd b CT T3 OP1 ¢

%
09 L -
ie— T _—
. S
4 RI /
80| /, /
[+ /
o
0 /
aof ///
X / s OP1
s OP2
/ - opa
0 20 40 50 80 %
FPR
A
10,
M
1
(bif)
0.5
o op1 op2 op3 op1 op2 op3d
ks 617 05 407 308 464 478
CT R I
B

Fig. 1 ROC curve (A) and information content
(B) for the detection of focal renal diseases by
CT and renal scintigraphy.

* Total height of the bar graph: H(X)
Dotted part of the bar graph: I(XIY)
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Fig. 2 ROC curve (A) and information content
(B) for the diagnosis of RCC by CT and renal
scintigraphy.
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Fig. 3 ROC curve (A) and information content
(B) for the detection of focal renal disease by CT
with years of experience of the observers.
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Fig. 4 ROC curve (A) and information content
(B) for the detection of focal renal disease by
renal scintigraphy with years of experience of the
observers.
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Fig. 5 ROC curve (A) and information content
(B) for the diagnosis of RCC by CT with years of
experience of the observers.
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Table 4 CT features of R.C.C. in high and low true positive rate (TPR) groups

High TPR group Low TPR group
(15 lesions) (6 lesions)

1. Greatest diameter (cm) 5—15(9.3%3.3) 2—10(4.922.9)
2. Margin: regular 5 4
irregular 10 2
3. Density: homogeneous 1 5
inhomogeneous 13 n-
4. Venous extension 5 ]
5. Paraortic lymphnode metastases 4 0
6. Invasion beyond perirenal fascia 2 0
7. Calcification 1 1
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Table 5 Corrected information content:

H(X) H(Y) H(XY) I(XY) n=I(XY)HX)
(bit) (bit) (bit) (bit) (%)
opl 0.511 0.512 0.828 0.195 38.1
RI op2 0.511 0.696 0.990 0.217 42.2
op3 0.511 0.774 1.08 0.206 40.3
renal disorder
opl 0.596 0.655 0.857 0.395 66.2
CT op2 0.596 0.766 1.04 0.323 54.1
op3 0.596 0.912 1.28 0.227 38.0
opl 0.0873 0.174 0.238 0.0240 27.5
renal cell carcinoma CT op2 0.0873 0.396 0.457 0.0266 30.5
op3 0.0873 0.791 0.862 0.0166 19.0
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+ - total

X Xs
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%, BERZOHEYRDT2X2=1Vy
%#{EB & Table 6B X 51cin’s, _a‘u.:f_:vf
BiEC & AERD Fit & THRELXFHE T IR,

Table 6B
e
+ - total
X Xz
+ 1 586 138 724
Gl = ¥ 46 3598 3644
total 632 3736 4368
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