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Computer-Aided Diagnosis in the Detection of
Temporal Changes in Sequential Chest
Radiographs

Shigeru Sanada

To aid radiologists in the diagnosis of screening chest
radiographs, a temporal subtraction technigue using digital
image processing was developed. The accurate image reg-
istration of two sequential images enables us to detect even
subtle changes in the "difference image" between them. In
this report, a new method based on matching "lung mark-
ings" is introduced.

Twenty-nine pairs of sequential posteroanterior chest ra-
diographs with and without temporal changes were selected
from cases examined with the computed radiography sys-
tem. Irage registration was employed, with the local matching
of "lung markings" in previous and current radiographs.
Observer performance tests were carried out by eight radi-
ologists, with and without the "difference image."

Observer performance tests with the temporal subtraction
image showed that six of eight observers diagnosed them with
higher sensitivity (mean, 43.9% vs. 55.3%)and a comparable
false positive response. Mean area under the AFROC
(alternative free-response receiver operating characteristics)
curve also improved from 0.596 to 0.647, a statistically sig-
nificant difference.

The subtraction image using this registration technique
improved diagnostic accuracy for subtle temporal changes.
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Table 1 Cases for observer performance test

Case No. Age Sex Interval Radiographic findings with temporal change
1 45y F 1y noudule, cardiomegary
2 5%y F 5.5m nodule, infilirate
3 72y M 23m nodule
4 70y F 3m mass, infiltrate, fissure thichening, hilar enlargement
5 27y M 18d cyst, linear shadow, infiltrate
6 31y F 28d infiltrate, pleural effusion
7 54y F 1d infiltrate
8 53y M 2d infiltrate
9 39y F 11d infiltrate
10 71y M 3.5m infiltrate
11 20y M 13d infiltrate for training
12 19y M 1y infiltrate
13 19y M 35d infiltrate Sfor training
14 43y M 10d infiltrate, cardiomegary
15 47y M 34d cardiomegary
16 56y F 3.5m infiltrate for training
17 15y F 1.5m cardiomegary
18 57y M 2m cardiomegary, pleural effusion
19 19y M 16d hilum overlay sign -> decreased for training
20 70y M 28d no active disease
21 73y F 5m no active disease
22 75y M 11.5m no active disease
23 Ty M 27d no active disease
24 69y M 11d no active disease
25 T4y F 38d no active disease
26 47y F 1.5m no active disease
27 62y F 9m no active disease
28 59y 2 9m no active disease
29 44y F 10m no active disease

R L7z, FrRICE(LOF BIEFIZOWTIE, BERED
EPRO LW E LIRNIIEZELR DR EOLI L%
FZRLUTHIRL:. NS 0298 H17611XCT % L DR %R
ETEOFROGEDS L URFE(LE RSN OTH
BA5, 2900 1 2450 Lk R P O FUFHERHE 2 ADATRIC X
S THE SN,
INLOEEIIETEtL Iy Ya—Fy FSVF7557
{4 —FCR—7000% AT L (BEATF A4 BV AT L, HE)
ko TRk S .

B &

1. A>E2—-427NJYXA

IV a—F12 & AEENIEOFIMbIHE T B,
Z OB ZFig 1\R . 9, MIE&, HhE, B XU
PR BT 5 SR REAROZE & IS st 45 E
L7z, #mii% & BAEMEIZ B 28 4 X0ihsi—
BT S EEE LTIHRAMAHDENTH S EIE L,
W F W G T IIER - T2 2L ICE o TEDY
A X% HHIE L7,

SERE104E 12 H25 H

JAIBEE X UBAEEEOFNFNICONWT, EBEQE
OfEYRELZy VBT ANV — %L, Thb
Y, WiFBRoRELIRIZET 2560 2 FH L ThEBe
hRE L, BPHERA O HME IO B BN ERE 2T &
AR L 7S a e L7z, #2002 fioimiiimg L exdisd
BEZEMMEDENR S /NS b L) IZEBIZERD
L Abe (ERdbE) 27, ESUEETo/ .

FEATEIE, WIEE I A THAEETZ S OX BB
BwWiar B OMETA L)Lz Thbb, HERE
I 7S XRIEE B O B WRE BT T, 20
SR CHEW S A, WS BIAE BRI SHT A IS XHE AT TT
HOIRIREE DR FIEEPHFATHILZ DT E il S
Na. 7z, BAEOEGEZIZIEIEY— 2 i R TR
Ehs.

2, EFIRER

8 B DWHTHRFHEIZ & » THFREFERT T o7z, TOARIE
HE6ED2%H, FhSFED4S, FHR0FUEND 22D
FNEFNIGHBEMETH L. BERERLLEEEEBLT
FRCREINAR D MmN X H 122 =TI, FhFR
DT N—T3 2 BOFEER YT, —FDO7V—Tid

19



826 RTINS X B (S 0 3 > ¥ 2 — & ST

Previous chest Current chest
radiograph i

ograp radiograph
(1760 x 1760, 10 bits) (1760 x 1760, 10 bits)

v v

Determination of lumg region by analysis
of the rib cage edges

v v

Enhancement of lumg markings within
limited orientation of their gradients

" 4

Image registration of the two radiographs
by Sequential similarity detection algorithm

v v

Subtraction and Image modification
for hard copy

v

Temporal subtraction image
(Difference between current image
and previous image)

Fig.1 Overall scheme for automated method of temporal subtraction.
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Fig.2 Examples(19y, male)of:
a previous chest image(A); a
current chest image with inter-
stitial infiltrate (B) ; a temporal
subtraction image based on
matching lung markings (C) ; and
a temporal subtraction image
based on matching rib edges
(D).

Some small infiltrate (—)are
shown in image (C)though only
a big shadow ()is shown in im-

(D) age(D).
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Fig.3 Abnormal case (70y, female)of: a previous chest image (A); a current chest image with mass, infiltrate, hilar enlargement, fissure
thickening, and pleural thickening (B); and a temporal subtraction image (C).
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(A) (B) ()
Fig.4 (N;)AD (no active disease) case (44y, female)of: a previous chest image (A); a current chest image (B); and a temporal subtraction
image (C).
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Fig.5 AFROC curves for individual observers of: a diagnosis with temporal subtraction image (A); a diagnosis without temporal subtrac-

tion image (B); and mean of those AFROC curve(C).

22

HAER&E #58% $145




FLHI

Table 2 Area under the AFROC curve, sensitivity (%) and mean number of false-
positive responses per image with and without temporal subtraction image

3 829

Baniz, &2 APFHABROMR,

FEIEOEIEIZ X o Tsensitivity K

TS: temporal subtraction
A,: area under the AFROC curve
|: mean number of false-positive responses per image

Table 3 Mean sensitivity and A (mean number of false-positive responses per image)
of 8 observers for various findings with and without temporal subtraction
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