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Preliminary Clinical Evaluation of
Computer-Aided Diagnosis in
Digital Chest Radiography

Katsumi Abe, Kunio Doi*,
Shigehiko Katsuragawa,
and Toru Yanagisawa

We are developing computer-aided diagnosis
(CAD) schemes for chest radiography with which
to alert radiologists to possible lesions, and thus
potentially improve diagnostic accuracy.
Although preliminary results of individual CAD
schemes have been encouraging, CAD is still at an
early stage of its development. Therefore, we
applied our CAD programs in a clinical environ-
ment and evaluated its potential usefulness and
limitations. CAD programs including automated
detection of cardiomegaly, analysis of interstitial
infiltrates, and detection of lung nodules were
applied to 310 consecutive chest radiographs.
CAD results for cardiomegaly and interstitial
infiltrates were evaluated subjectively by
radiologists and physicists for clinical accuracy
and technical problems, respectively, depending
on the correspondence of the CAD output to the
nature and location of important findings influen-
cing the radiologic diagnosis. CAD results for
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lung nodules were evaluated objectively by taking
into account the number of false positives and
true positives.

For detection of cardiomegaly, 71% of evaluat-
ed cases were judged to be acceptably accurate in
terms of clinical accuracy. For analysis of focal
and diffuse interstitial infiltrates, 87% and 61%
were acceptably accurate, respectively. For detec-
tion of lung nodules, 619% were acceptably accu-
rate. More than 709 of CAD output was judged to
be possibly accurate in terms of technical aspects.
Technical problems were related to failure to
detect subtle abnormalities and the occurrence of
false positives caused by normal anatomical
structures. We believe that CAD has the potential
to be a valuable aid for radiologists in clinical
practice, if certain technical problems can be
overcome and if optimal operating points can be
defined for clinical use.
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Fig. 1 Chest radiograph with superimposed CAD out-
put for (A) cardiomegaly, (B) diffuse interstitial infil-
trates due to idiopathic pulmonary fibrosis, and (C}
multiple nodules. (4) CAD output indicates cardiac out-
line, most distant points on the right and left cardiac
margin, rib edges, and most inner points of rib edges
correctly. (B) Pluses indicate normal texture patterns
and other marks indicate abnormal texture patterns
correctly. (C) CAD output indicates correct detections of
four nodules (arrowheads in the lung) and one false
positive due to thoracic spine (arrowhead in the medias-
tinum).
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Table 1 Five-point rating scale for evaluation of CAD
result for lung nodules

Score Normal Solitary Nodule Multiple Nodules

5 FP=0 TP=1, FP=0 TP=2, FP=0
4 FP<5 TP=1, FP<5 TP>1, FP<5
3 FP< 7 TP=1, FP>5 TP>1, FP>5
2 FP<10 TP=0, FP<5 TP=0, FP<5
1 FP>10 TP=0, FP>5 TP=0, FP>5

FP=false positives, TP=true positives.
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Table 2 Abnormal findings in 310 consecutive chest H I HTE X MEEDORK 21T-> TE 72 25,
radiographs as classified by two chest radiologists SN eEBICE TV MM B Lo R
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Normal 74 24
300
Interstitial infiltrate (focal) 114 37 SRy .
Cardiomegaly 69 22 o BOf [ ABNORMAL GASE J
Calcified granuloma 59 19 Hg
Pleural effusion 54 17 g .
Vascular access devices 49 16 5
ECG electrode snaps 40 13 m = )
Air space infiltrate 39 13 g’ T |
Interstitial infiltrate (diffuse) 37 12 =
Lung nodule 37 12 sof -
Surgical clips 25 8 Z_.@Z_
i @ p
Electrode cords 15 5 ! @a__ e
o o 5 s AccuRAﬂ « = mhccunars
Safety pins for fixing surgical drains 9 3 RATING SCORE for ACCURACY
Tracheostomy tubes 6 2 ®
Indeterminate for cardiomegaly 7 2 0
Indeterminate for focal interstitial infiltrate 3 1 ] ::SS?AL CA:§E
Indeterminate for diffuse interstitial infiltrate 3 1 o =r = SEHALGASE |
Indeterminate for lung nodules 6 2 2’ o b |
Q
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= 4 - " 150 -
5, £HHEH L IC0% L LT A a7 H3~ Ei
” o 3 o
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- ACCUR &TE - —3  INAC CU RATE
BURMRHEIZ RFEIC b - T -> TE 2RER & RATING SCORE for ACCURACY
©
300 30
B NORMAL CASE B NORMAL CASE
® ®F @ ABNORMAL CASE i o Sf @ ABNORMAL CASE -
w L
. 2
c ™ l o ™ l
° k]
E S g T 1sof d
w ui
m o
2 wf : = w0f -
2 =
z z
i m_-;=._.ZE.E_ | — A .zz:_
ACC URA‘I’E -« "" INICCUH&TE RCCU\R.!'T! L3 } INJ\CCUBA'\'E
RATING SCORE for ACCURACY RATING SCORE for ACCURACY
Gy (o)

Fig. 2 Distributions of a five-point rating scores for the evaluation of CAD output in terms of possible clinical
acceptability for (A) detection of cardiomegaly, (B) analysis of focal interstitial infiltrate, (C) diffuse interstitial
infiltrate, and (D) detection of lung nodules .
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Table 3 Results of CAD output in terms of technical
aspects

Percentage
Category of accurate
detection
Detection of cardiomegaly
Heart boundary detection 72
Curve fitting for heart shape 84
Lung top point 84
Rib cage edge detection 90
Curve fitting for rib cage shape 99
Thoracic maximum point 91
Analysis of interstitial infiltrates
ROI location 91
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