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On the Assessment of Diagnostic Accuracy of Imaging Diagnosis by
ROC and BVC Analyses
—In Reference to X-ray CT and Ultrasound Examination of Liver Disease—
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To achieve an effective assessment of diagnostic accuracies of currently used imaging methods on
liver diseases, X-ray CT (CT) and realtime ultrasound (US), ROC analysis and a new analysis method,
“the bias to variance characteristics (BVC)” were applied in parallel. The survey has been carried out
to assess an image interpretation accuracy on cases with established diagnosis collected on the multi-
institutional basis. The images, CT and US of liver diseases including localized and diffuse lesions
were selected for image reading sessions and the interpretative difficulties were geared to an
appropriate grade so that it does fit to the basic requirement of ROC analysis. Consequently, 91 cases
were selected from a total of 258 cases which were collected from 16 institutions. Two image reading
sessions were scheduled and a total of 28 radiologists and sonologists undertook the first session. The
final analysis covered 8 radiologists for CT and 9 sonologists who carried out both sessions. The image
interpretation results were fed to the computer and analyses were made accordingly.

Analysis of the first image reading session gave true positive ratios (TPR) of CT and US as 92.5%
and 97.4%, and true negative ratios (TNR) of 50.5% and 46.8%, respectively. The second reading
session, in which both CT and US images were interpreted simultaneously, gave the similar values of
TPRs, 96~97% and TNRs, 44~47%.

The ROC analysis of existence of liver mass and diagnosis of malignancy resulted in the higher
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values in US compared to CT in the first separate reading, however, the 2nd session gave almost
identical values in each modality. The diagnostic accuracy for the benign tumors, mostly consisted of
hemangioma, CT reading gave higher accuracy rates compared to the US.

The entirely new interpretations scheme, arbitrarily named as BVC was carried out on matrix
data obtained in the same experiment. The scatterograms plotted according to the BV values, the mean
and the standard deviation inherent to individual cases have demonstrated marked variations among
individual cases most likely reflecting the interpretative difficulty of respective images, thus
indicating the method to be well in adjunct to the ROC analysis.
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Fig. 1 A flow chart showing the order for diagnosis of hepatic diseases by US

and CT images used in this study.
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Table 1 List of cooperative institutions and the number of cases with confirmed diagnosis

Confirmed diagnosis
Institution

HCC CCC Meta. Cyst Hemangioma Dthf:l;-mbg;xign Cirrhosis  Hepatitis Other Normal Total

Oosaka Adult Diseases Center 2
Gunma Cancer Center 1
Gunma Univ. Med. School 1
Chiba Univ. Med. School 3 2
Tokyo Women's Med. College 3
Kurume Univ. Med. School 4
Hamamatsu Med. College 1 3
Nagoya Univ, Med. School 2

Aichi Cancer Center 5 6
Saga Med. College 1

Sapporo Med. College 3

Kyoto Med. College

National Cancer Center
Tokyo Univ. Faculty of Med.
Kyushu Univ. Med. School

2

1 1

1
National Hosp. Med. Center 1

1

2

2 [l

1 5

1 1 9
1 1 6
1 7
4

1 1 4

1 14

4 2 1 2 12

"F

1 1
1 9

2

1 K]

1 2

Total 30 6 16 2

10

5 8 3 4 7 91

HCC: Hepatocellular Carcinoma, CCC : Cholangiocarcinoma

Table 2 Distribution of cases-by sex and age

age

sex N\ 20—29  30—39  40—49  50—59  60—69 over 70 unknown Total
Male 0 2 10 23 18 5 1 59
Female 0 0 5 9 13 3 2 32
Total 0 2 15 32 31 8 3 91
PRI 7 A25H (35)
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Table 3 TPR and TNR for diagnosis of hepatic

diseases
group and US-group CT-group
SESEI0N
results . lst session 2nd session 1st session 2nd session
TFPE. 97.4% 96.7 92.5% 96.0
TNR 465.8 47.5 50.0 44.2
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Fig. 2 ROC curves for diagnosis of hepatic mass. The blank area between
solidline curves illustrated the ranges of ROC results of individual physicians
and the filled circles show the average of overall results at the first session, The
meshed area between the ROC curves and the empty circles show the same
results for the second session. The results of US are shown by (a) and CT are

shown by (b).
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Fig. 3 ROC curves for the diagnosis of hepatic malignant tumors. (a) UUS and

(b) CT.
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Fig. 4 ROC curves for diagnosis of hepatic benign tumors,
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Fig. 5 BVC for diagnosis of hepatic mass. The filled circles show the cases of
hepatic malignant tumors, the empty triangles show benign tumors, the empty
squares show hepatic cirrhosis, the empty rhombs show other hepatic diseases
including hepatitis and fatty liver, and the empty circles show cases of normal
liver. One large mark shows 5 cases of the same condition represented by the
smaller symbols. (a) US only, (b) CT only, (¢) US combined with CT by the
US-group and (d) CT combined with US by the CT-group.
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Fig. 6 BVC for diagnosis of hepatic malignant tumors. The presence of any
marks on the letters (a) to (d) illustrate the same feature as described in Fig.
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Table 4 False negative cases for diagnoses of hepatic malignant tumor by CT only

case number sex age Confirmed diagnosis diameter and location of lesions
17 M 70  Hepatocellular Ca. 2em %1 on left lobe, 3cm X2 on right lobe
37 M 69 Metastasis from Gastric Ca. lcm X1 on right lobe, lem*2 on left lobe
48 F 61 Hepatocellular Ca. lemx1 on left lobe
57 M 54 Metastasis from Gastric Ca. lem X rulti. on right lobe
65 M 59  Hepatocellular Ca. 2em>1 & lem X2 on right, 2cm 1 on left
71 M 76 Hepatocellular Ca. 4cm > 1 on right lobe
20 F 42 Hepatocellular Ca. 2em 1 on left, 1cm <1 on right lobe
84 M 57 Hepatocellular Ca. 10cm x multiple on both lobe
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