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Evaluation of Diagnostic Efficacy of Ultrasound Examination for
Hepatic, Biliary System and Pancreastic Diseases

Kenjiro Fukuhisa®, Takeshi A. limuma*, Yukio Tateno*,
Morimichi Fukuda** and Noboru Arimizu***
*National Institute of Radiological Sciences
**Division of Ultrasound & M.E., Sapporo Medical College
***Department of Radiology, Chiba University School of Medicine

Research Code No. : 207.1, 205.9

Key Words : Diagnostic efficacy, Ultrasound examination,
Liver, Biliary system, Pancreas

In the previous paper (Nippon Acta Radiol., 44, 604—623, 1984), we have reported on the diagnostic
efficacy of body computed tomography for detection and classification on diseases of liver and pancreas.
This report describes some results of the evaluation on clinical effectiveness of ultrasound (US)
diagnosis for various deseases of liver, biliary system and pancreas. Methodology used in the present
study is similar to that in the previous study. Three work-sheets are also employd: The first sheet in-
cludes such information as name of deseases and their confidence levels before US examination. The
second sheet has similar information after the US examination has been performed. The third sheet
contains confirmed diagnoses at 3 weeks after US examination and code of tumor stage in the case of
carcinomal.

Sixteen medical institutions were cooperated and 1,207 reports were collected through 2 trials at
Feb. and Nov., 1983. The filled information in the sheets were recorded onto floppy disks and analysed
by a computer system. 659 reports (58% to total cases) were subjected to diagnoses of liver as first target
organ, 143 and 142 cases (12%, each to total) were pancreas and biliary system, respectively.

Three kinds of evaluation methods were employed as follows:

1) Average score of US contribution to diagnostic effectiveness for final diagnoses shows almost
similar value of XCT"s study, but that of therapeutic choice is higher compared with previous study.

2) The value of ““‘Diagnostance” which is expressed by the conceptual distance between clinical
diagnoses before and after US and confirmed diagnosis is relatively small for focal deseases of three
organs, but is large for diffuse deseases.

FAFI614E 4 250 (59)
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3) Two ROC analyses are made between diagnosis before US examination and confirmed diagnosis
and between diagnosis after US and confirmed diagnosis. The latter shows better diagnostic accuracy by
increasing true positive rate and decreasing false positive rate. This is found to be much better than that

of body CT in the previous study.

However, it was found that number and characteristics of collected cases of hepatoma were quite
different between the two trials. This fact is reflected on the results for the diagnostic evaluation of this

study.

This study was carried out as a part of the Grant-in-Aid for the Cancer Research (57-1) from the

Ministry of Health and Welfare, Japan.
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Fig. 2 Work-sheet No. 1 of this study.
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Fig. 3 Work-sheet No. 2 (lower part ).
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Table 1 List of institutions which participate in
this study.

code of NAR name of institution
U-102 Sapporo Medical College
U-107 Fukushima Medical Colloge
U-201 Gunma Univ. School of Medicine
U-202 Chiba Univ. Medical School
U-203 Tokyo Univ, Faculty of Medicine
U-209 Tokyo Women's Medical School
U-229 Jichi Medical School
U-308 Hamamatsu Univ. School of Medicine
U-402 Kyoto Prefectual Univ. of Medicine
U-601 Kyushu Univ. Medical School
G-201 National Cancer Center
G-206 Gunma Cancer Center Tomo Hospital
G-301 Aichi Cancer Center
G-403 Oosaka Center of Adult Diseases
L-217 Kanto Chuo Hospital
H-125 Kin-ikyo Chuo Hospital

Table 2 Distribution of cases—age of patients

sex B (-9 10-19 20-29 30-39 40-49 50-50 60-69 70-79 80 over unknown| total
Male 1 4 12 44 123 243 167 112 14 12 738
Female 2 4 23 53 80 131 113 48 8 7 469
total 3 8 35 97 203 374 280 160 22 19 1,207
Table 3 Distribution of cases—target organs to be exmined first
\target
rgan Liver Pancreas Biliary S. Kidney Prostate others total
sex \\
Male 429 77 71 60 74 27 738
Female 230 66 71 45 ot 57 469
total 659 143 142 105 4 84 1,207
(62) AAEREE #H46% H45
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Table 4 Distribution of cases—purpose of US examination

target organ

R Liver Pancreas Biliary S. others total
existence of main 426 123 127 186 862
property of main 68 10 8 58 146
extence of main 50 7 10 67
existence of sub 108 3 5 5 121
other 7 4 11

total 659 143 142 263 1,207
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42601 (FFlgi064.6%) BEREDHFLELMITH B
23, BB 13143614 12361(86.0%), AEEFRTIL
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2%\ (2L, XCT CiHEREMIT T i
Moo,
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Table 5 Distribution of cases—reason of US

examination

trial gg Liver Pancreas Biliary others | total
A 95 21 25 36 177

B 13 1 2 5 21

Mo e a 22 51 | 223

D 65 6 1 27 99

E 45 8 6 18 77

total 327 7 56 137 597

A 36 8 16 13 73

B 11 2 1 1 15

md om0 w 5 63 | 320
D 45 6 8 21 80

E 70 6 9 28 113

total 332 66 &6 126 610

A 131 29 41 49 250

B 24 3 3 6 36

total (e 279 85 24 164 552
D 110 12 9 48 179

E 115 14 15 46 190
total 659 143 142 263 1207
*note A | Future decision can not be made without US

examinnation.
» New information is needed due to a sudden

change in the patient’s condition

. US examination is used as selection for the
following examination.

; US examination is used for judgement of
therapeutic effectiveness and outcome.

. US examination is needed, but not urgently.
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Table 6 Distribution of cases—clinical exanimation performed before US with their orders

® G G v @ D D D @O 0 xD G
A. Signs and Symptoms 1 1 1 1 1 1 1 1 1 1
B. Laboratory examination 2 2 2 2 2 1 2 2 2 2
C. Plain X-ray 3 3 3 3 3
2
D. Angiography o
o
& o
E. Special X-ray 15 %
F. Nuclear Medicine 3 4 ‘g
G, XCT 3 4
H. Endoscopy 4 4 3
1. Pathology 5
L Liver 02 59 38 26 2 2 95 18 15 13 8 109 | 680
- B0 @D 6.6 6.9 G GLYBCH on e Wy a2 6.0 0.0
> 49 31 6 17 1 16 . 6 11 2 6 58 320
1-1 Hepatoma (5.3 0D 1.9 6. 0. 6.0 92 a6 @GO 0.6 1.9 s |(100.0
~ . 25 13 29 3 18 1 g 3 1 ] -_ 30 222
1-2 Meta. of Liver arL®) 6.9 a3 @) GD 0.5 @D a.d 0.5 @3 (176 [(100.0)
» < % 38 11 2 3 1 14 3 8 1 2 30 175
1-3 Cirrhosis QLD 6.0 LD QD 0.6 6.0 (1.9 4.6 0.8 Q.1 (2.9 7.1 [(100.0)
. 32 37 8 16 3 3 4 1 3 4 8 32 195
2. Pancrens (6.4 (19.0) @1 @2 @5 Q. @D 0.5 0.5 (@1 4.1 16.4) [(100.0)
- 11 18 [ —-_ 1 2 2 - 1 2 2 16 93
2-1 Ca. of pancreas 1.8 (19.4) (6.5 D e @D A.D @2 @2 Q7.2 [(100.0
T 19 13 2 e 9 1 1 2 5 2 | 61
2-2 Pancreatitis GLD @13 G.3 0.8 L6 0.6 .8 ¢ 6.2 (.5 [100.0
2 33 42 1 3 2 - 3 1 1 7 11 20 | 22
3. Biliary System 5.0 (19.D G0 Q4D 0.9 a9 0.5 0.5 @2 6.0y (9.1 [(100.0)
] o 8 9 2 6 = 2 — 1 2 2 5 | 49
31 Ca. of Biliary system (153, (18.4) .2) 12.2) (2.0 @.n @0 @D @D 0.5 (100.0)
_ ! 24 29 1 18 - - —_— 1 — 5 9 5 111
$-2 Gallstone system (21.6) (26.1) (0.9 (16.2) 0.9 .5 (3.1) (4.5 [(100.0)
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Table 7 Distribution of cases—confirmed
diagnoses on 1st run, 2nd run and total cases.

conﬁrmed‘-(;i;‘g-ﬁa‘s'iii"“* trial 1'13:1 rz*ﬂg fodl
Liver
Hepatoma 113 89 202
Metastasis 63 47 110
Hemangioma 12 15 27
Cyst and Cystic liver 17 26 43
Malignant lymphoma 2 0 2
Hepatic abscess 1 0 1
Hepatic cirrhosis 86 93 180
Hepatitis 27 37 64
Fatty liver 5 6 11
others 4 3 7
Normal liver 38 7 115
total 313 329 643
Pancreas
Cancer 25 22 47
Infiltration 4 2 6
Cyst and Insulinoma 1] 2 8
Chronic pancreatitis 12 4 16
Acute pancreatitis 10 7 17
others 0 1 1
Normal pancreas 11 35 46
total 70 78 148
Biliary system
Cancer 29 16 45
Melastasis 3 0 3
Cyst 6 16 22
Gallstone 40 47 87
others 0 1 1
Normal 8 39 47
total 81 115 196

Fig. 5k~ —t No. 3, #13HKRT US02
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Zh1.0750. 31 HATRE ETIREN WA,
BEETIRUS 50.238\, HEETd XCT 12
Wi E1.02, 8 E0. 10025 L, US Tix1.0440.34
T, AUCHBELEOFEN0.24B\ . S HIclEE
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Fig. 5 Average score of contribution of US on diagnostic findings and thera-
peutic choice for the cases with various confirmed diagnosis, (a) liver, (b) e
pancreas and (c) billiary system.
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Table 8 Difference in case number and reason of examination in the liver diseases between 1st and 2nd run

trial 1st 2nd
\reason of US*
¢ ?an"ogfg_\ A B c D E total A B C D E | total
Hepatoma 44 1 34 18 16 113 10 3 28 21 27 89
Metastasis 12 1 22 18 10 63 10 5 16 9 7 47
Hemangioma 6 4 4 3 17 2 1 12 3 3 26
Cyst, Cystic L. 3 2 4 3 12 1 8 1 5 15
Cirrhosis 32 1 33 6 14 86 10 2 39 13 29 93
Hepatitis 8 5 10 1 3 27 5 25 7 37
others 8 3 3 3 3 21 2 8 1 11
normal liver 11 2 7 11 7 38 7 48 12 10 77
total 124 13 115 65 59 376 47 11 184 60 93 395

*note A ; Future decision can not be made without US examination.

C

E.
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B | New information is needed due to a sudden change in the patient’s condition.

- » US examination is used as selection for the following examination.

D | US examination is used for judgement of therapeutic effectiveness and outcome.
7 . US examination is needed, but not urgently.

TP)X75% £ &<, %2 Eo US #ijoEimsLx
(false positive ; FP) #134% & &5\ D 2V B <,
Withd USHIR93% - 7% LM LT W5,

Rl (Fig. 6b)Ti3, & 1E, 208 & TP70%
BiEE, FP20% TH - 7oh%, US ik TP 92%, FP
6% & RVESARLE, L L, BERFig. 6¢)
TELEE 1 |l US #iix TP 33%, FP 5%» 6 US
%o TP 83%, FP5% & TP o#zgnia b it
5 2 BT1X US #l TP 47%, FP 10%A' TP 47%,
FP 0% & FP o E L bhii2irTtdh, “h
X Table 9 DEEROE B oTcZ & &3
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Fig. 6 ROC analysis of hepatoma (a), Ca. of pancreas (b) and Ca. of biliary
system (c).
Triangles show Ist run, rhombuses show 2nd run and circles show total cases.
Filled marks show ROC curve before US examination and cpen marks show
ROC after US.
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Tadle 9 The value of “Diagnostance” (dZ) on 1st run, 2nd run and total cases and the
variances of diagnosis before (d%) and after (dZ) US examination

mm trial 1 st 2 nd total
dagnoss ~_ & & & & & & |& & &
Liver

Hepatoma 1687.9 135.7 1552.2 1186.7 1113.4 73.3 | 1467.1 566.5 900.6
Metastasis 1981.7 766.3 1215.4 849.6 420.9 428.7 | 1498.0 618.7 879.3
Hemangioma 653.5 538.8 114.6 1328.3 659.7  668.6)1028.4 606.0 422.4
Cyst 1771.0  416.3 1354.7 2356.7 287.8& 2068.9 | 2125.1 338.6 17836.6
Cirrhosis 3965.6 4376.9 —411.3 3483.6 3078.9  404.7 | 3694.5 3713.2 —18.7
Hepatitis 3391.4 821.3 2570.1 2353.1 1236.5 1116.6|2791.1 1633.3 1729.8
Normal Liver 6656.8 227.8 6429.0 7006.1 119.0 6887.1|6890.7 154.9 6735.8

total 2734.0 470.8 2263.2 2775.8 566.6 2209.2 | 2751.1 527.8 2223.3

Pancreas

Cancer 2383.6 1077.8 1305.8 2477.5 913.3% 1564.3 | 2427.5 1000.8 1426.8
Chronic pancreatitis 777.9 1576.6 —798.7 480.1 2060.9 —1580.8 | 703.5 1697.7 —994.2
Acute pancreatitis 1144.7 824.6 320.0 701.5 1275.1 --573.6| 962.2 1010.1 —48.0
Normal pancreas 4426.4 814.8 3611.5 2723.3  46.& 2676.5|3130.5 230.5 2900.1

total 2233.4 1007.6 1225.8 2507.1 597.3 1909.8 | 2377.7 791.4 1586.3

Biliary system

Cancer 5784.9 1701.7 4083.2 3335.1 3427.4 —92.3|4913.8 2315.3 2598.5
Cyst 2097.4 1061.5 1035.9 2426.9 53.0 2373.9|2337.0 328.0 2009.0
Gallstone 892.1 538.9 353.3 540.1 412.5  127.5| 701.9 470.6 231.3
Normal 1489.4 0.8 1488.7 2478.4 0.7 2477.8 | 2310.1 0.7 2309.4

total 2901.5 838.4 2063.2 1752.8 590.5 1162.4 | 2227.6 692.9 1534.7

Table 10 Diagnostic confidence before and after US examination of
hepatoma, Ca. of pancreas and Ca. of biliary system

diagnosis before US after US wotal
a
confidence H+ o+ 4+ - H O+ /= -
organs stage\
1 13 8 19 14 22 20 9 3 54
2 16 10 12 4 28 9 3 2 42
Hepatoma
3 27 10 6 9 37 7 6 2 52
4 3 6 7 4 26 7 4 3 40
! 2
Ca. of 1+2 3 5 4 9 12 3 2 4 1
Pancreas 344 9 4 4 5 15 5 2 0| 2
C:;l._ of 1+2 2 2 13 4 6 2 5 17
Biliary S. 344 1 3 5 15 5 1 1 7 | 2

PIEEHFEMEL LT TERYRELTV5
DOTEIRS, FEH o 1 US FIEiFEizE
HET, USBRIFELZELEHFEILTED, US
BOBWBICEALNLD Db ihin,
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Table 11 Change in diagnosis before and after US examination and finally into
confirmation. Case study on carcinoma of biliary systern, stage 3 and 4

1. Ca. of Gallbladder

Diagnosis before US Diagnosis after US Confirmation
Diagnosis Confidence Diagnosis Conf. Stage Stage
Ca. of G.B. ++ Ca. of G.B. ++  3(HD 3(HD
Gallstone ++ Ca. of G.B. ++ 3012 302
Ca. of G.B. +— Hepatoma +  3(P0) 3(T2)
Ca. of G.B. +— Ca. of G.B. +  4(B2) 4(HD)
Ca. of G.B. + Ca. of G.B. ++ () 4(12)
Ca. of G.B. +- Ca. of G.B. + 3(HD 3(HD
Ca. of Abdomen + — Ca. of G.B. -+ 3(N2) 3(HD
Ca. of G.B. + Ca. of G.B. -+ 3(T3) 3N
Cirrhosis T Meta. of Liver -+ 3(PO)
Abscess of Abdomen +— Abscess of Abdomen +— 3(NO)
Meta. of G.B. +-— Ca. of G.B. + 3(TH 3(T3)
Calcu. of Liver ++ Hepatoma +4+ 4(TH 4(P2)
2. Ca. of Common-hepatic and intra-hepatic duct
Diagnosis before US Diagnosis after US Confirmation
Diagrosis Confidence Diagnosis Strage Stage
Gallstone +- Ca. of ih. ++ 1(TD 3(T2)
Miscellaneaus of Abdomen ++ Ca. of Pancreas + — 34D
Ca. of i.h. + Ca. of ih. + (7 3(T3)
Hepatomegaly + -+ Hepatoma += 4(P0) 4(N2)
Meta. of Liver + Schistosoma of i.h. ++ 3(?)
3. Ca. of Common duct
Diagnosis before US Diagnosis after US Confirmation
Diagnosis Confidence Diagnosis Conf. Stage Stage
Ca. of c.d. +— Ca. of cd. +  3(12) 33
Miscellaneaus of Abdomen +— Ca. of c.d. + 1T 3ay
Ca. of c.d. +— Ca. of cd. ++ 3(P2) 3(12)
Ca. of Pancreas +— Ca. of cd. + 2(P2) 3(ND
Ca. of Pancreas +— Ca. of c.d. 3(P0) 3(S2)
Calcu. of Liver ++ Ca. of c.d. + 3(TL 3(NO)
LaL, 2h% Table 11 iR+ X 5, (1) Ho X\,
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