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Automatic computation of the cardiothoracic ratio

Hajime Matsuda, M.D.*, Seiichi Toyama, M.D.**, Nobuhiko Sezaki*** and
Kohji Ukena**#*
*The Department of Radiology, The Center for Adult Diseases, Osaka
#*The Department of Cardiology, The Center for Adult Diseases, Osaka
#%*[nformation Processing Laboratory, Advanced Developrnent Laboratories

Matsushita Communication Industrial Co., Ltd.

Research Code No.: 206
Key Words:  Cardiothoracic ratio, Automatic screening, Minicomputer, Chest X-ray film

The X-ray examination of the chest will be evaluated as a most reliable mean in estimating the
heart size, if the cardiothoracic ratio could be measured or computed one after another by using an appro-
priate device without human intervention, thereby realizing the automatic screening. Unfortunately,
however, no technique to meet this request has been available for practical purposes, rainly because
such a technique resides undoubtedly in the realm of artificial intelligence, the still insoluble domain
of the information science. Besides, the vast quantity of information contained in an X-ray film makes
the situation quite difficult. Another problem would be how to put the criteria, which the well trained
medical men make use of, into the algorithm for computation.

The authors have succeeded in developing an effective algorithm which will assure fairly good ac-
curacy, reasonable processing speed and perhaps reasonable processing cost by a sort of prediction. method
utilizing the contextual information to avoid handling whole of the vast quantity of information. An
experimental system has been constructed of a TV camera to accept X-ray films, a signal-sampler, an
analog-to-digital converter, a minicomputer for control and data processing, and an I/Q typewriter to
print out the computed values of the cardiothoracic ratio, etc. Performance tests have been done re-
peatedly with 100 sheets of random samples of the full size chest X-ray films, resulting the following
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conclusions:
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1) The execution time is about 10 seconds per computation.

2) The tolerable error of 4- 49, has been satisfied by 86 samples out of 100 on an average.

3) Inaccuracy that may cause an oversight of abnormal heart occurs with only 3 samples out of 100

on an average.
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Fig. 1. A typical chest X-ray film ABCD and
the area of interest EFGH to compute cardio-
thoracic ratio.
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Fig. 2. Arca EFGH is scanned by m lines and
each line contains n sample points. In practice,
m==15 and n=128 have been preferred.
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(a) Typical analog signal along a scanning line.
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(b) Points T and T’ are taken to be the boundaries of thorax. Points B and B’ are taken to be
the borders between lung and heart. Point T is defined as the outermost point with descend-
ing slope toward the innermost point H. Point T” is defined in the same way. Point B is
defined as the point with the steepest ascending slope between points H and 1, the dip point
nearest to point H. Point B’ is defined in the same way.
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Fig. 4. Data derived by the procedure illustrated
in Fig. 3(b) should appear in this way, if they
were plotted upon Fig. 2. Note that there can
be some false data that are caused by the shad-
ows of ribs, blood vessels, etc.
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Fig. 5. If Bi does not fall in the range B;_, +
d,, and B;,, falls in the range B;_, 4+ d,, then
B; is regarded as a false datum and replaced
by B*= (B;_,+ B;,,)/2, where d, and-dare to
be adequately chosen so that d,>d,> 0.
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Fig. 6. If B; does not fall in the range B;_, -
d,, and B;,, does not fall in the range B;_, -
d,, jeither then B; is not regarded as a false
datum. Rather, the portion given by B;, B;,,,
...is understood to belong to the diaphragm.
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Fig. 7. Some cases in which the algorithm illustrated in Fig. 5 and Fig. 6 is incompetent to

handle the data are shown.
provided.
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i I.T.V. SAMPLE & INTER~- MINI-
CAMERA A/D CONV. FACE [€ COMPUTER
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| CONTROL 1/0
| 10GIC TYPEWRITER
| — =
i |
|
| FILM I
b —— HANDLING |[€— —— ——— —— o —— I
CONTROL

Fig. 8. Schematic diagram of the Automatic Computing System. The flow of data is shown

in bold lines, and the flow of control is shown in
in broken lines.
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Virtual Scanning Line

Fig. 9. The virtual scanning lines are obtained
by controlling the timing of sampling operation.
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Fig. 10. The histogram shows the frequency vs. error characteristic of the Automatic Computing
Systern. Note that the tolerable error of -+ 4% has been satisfied by 86 samples out of 100

on an average.
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Fig. 11. Correlation between the variance and
the r.m.s. error has been observed, where var-
iance is meant by the maximum variance of
data for a same sample and r.m.s. error is
meant by root-mean-square value of errors for
the same sample. Each dot represents a sample.
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Fig. 12. The portion between [B] and [B] is
graphically presented so that the shape is con-
veniently compared with the original X-ray
film shown in Fig. 13.

£y
7

Fig. 13. A typical X-ray film which corresponds
ro Fig. 12.
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Fig. 14. An unlucky case in which the distinct
congestion was mistaken for a part of heart.
See Fig. 15.

| *
" 'g

Fig. 15. The X-ray film with very distinct con-

gestion. Refer to Fig. 14.
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Fig. 16, Cardiac Measurements.

_a.i—_b-_ : the orthodox cardiothoracic ratio
c

a+hb = ; : "

ST~ :the informal cardiothoracic ratio named
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an intersecting method
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