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ROC Analysis of Detection of Interval Changes in
Interstitial Lung Diseases on Digital Chest Radio-
graphs Using the Temporal Subtraction Technique

Yoshiharu Higashida"’, Tadamitsu Ideguchi?’, Toru Muranaka?’,
Nobuyuki Tabata?, Ryuichi Miyajima®, Fumio Akazawa?,
Hirotaka Ikeda?', Ken Morimoto?’, Masafumi Ohki",
Fukai Toyofuku", and Kunio Doi*

Purpose: To demonstrate the clinical usefulness of a tempo-
ral subtraction technique for the detection of interval changes
in various interstitial lung diseases on digital chest radiographs.
Materials and Methods: One hundred pairs of chest radiographs
in 34 patients (63 with and 37 without interval changes) with
various interstitial lung diseases were selected. All cases were
confirmed by serial chest computed tomography (CT) and
ascertained by radiologists. All chest radiographs were ob-
tained with a computed radiography (CR)system, and temporal
subtraction images were produced with an iterative image-
warping technique. Four radiologists and two thoracic phy-
sicians provided confidence levels for interval changes in
interstitial lung diseases with and without temporal subtrac-
tion. Their performances with and without temporal subtrac-
tion were evaluated by means of receiver operating charac-
teristic (ROC) analysis using a sequential test.

Results: The area under the ROC curve (Az) values of six
observers obtained with and without temporal subtraction were
0.90 and 0.78, respectively. Results showed that the detec-
tion of interval changes in interstitial lung diseases was sig-
nificantly improved by the use of temporal subtraction im-
ages compared with CR images alone (P=0.002). Furthermore,
the high detection rate was achieved with temporal subtrac-
tion images regardless of the subtlety and location of inter-
val changes.

Conclusion: Temporal subtraction improved the diagnostic
accuracy of radiologists in detecting interval changes in in-
terstitial lung diseases on chest radiographs. It was also use-
ful for cases of multiple interval changes.

Research Code No.: 506

Key words: Temporal subtraction,
Interstitial lung diseases,
Receiver operating characteristic (ROC)

Received Jun. 12, 2003, revision accepted Oct 20, 2003

1) Department of Radiological Sciences, School of Health Sciences,
Faculty of Medicine, Kyushu University

2) Department of Radiology, Clinical Research Institute, National Kyushu
Medical Center

3) Department of Radiology, University of Chicago

RIRIEER

T812-8582 1B HIEEH3-1-1
AMAFIER S REEEH

RE A

NIPPON ACTA RADIOLOGICA 2004 ; 64 : 35-40

U BIC

CAD (Computer-aided diagnosis) (& [l S5 % 1%
T52ODENLEFiEE L TEBHOBGHREFZOHTRE
LHESFEONTBY, T TICnANALRGEHADH M
TN TWA. 2 HOBEREAXHE A (WEHXMEEL) D
LY, BRENELO VIR 2EE L, B
E L7728 B 2l 3 5 BN ZE 5 WS- § CAD
DISAD—2THAH. ZOHEILBEKEGOTPTHE), &
i35 X OCRFT IS LR % BV CESIIEEERT 5 b0
Thh, AN LESRL 7077 A0S 1 TRKET
fibhi7:bDTH 5.

HERFAYZZ ST (R DERIRIAZIEICB L TIE, ThET
W ohifih s Tw 5285, BRGSO < L7
HENTER O e &, £ & L CEEEmMEOBIIZIGH &
b (WA ag) ) fﬁ%h\?]-m)_

=7, MEXHRCE % RRREIIAT ) RBD VD E DI E A
HHEEAFTO NG, O F AMERRETIE, Bk EBIEC
oz SN IEX SR & BEHE L, WEDORKIFZ %8l
By AHZ LN, BB LUBRICBCGERICEREREHRE
b, FNEREMIRE LR ) Ec ORBIC L - TREDS
ReINE — AR, BN RE(LEET 5720,
W OMEXE R TRIEZLE MRS 5 Z e AT LIFL
FEEECR S, LeL, ZOX) hEMRXHTREETS
O % ARG A3 B BRI 2 I DA R B L
T, ERMBPIEZITo72HmEIR LR,

A5 Tld, CR(Computed Radiography) Ty i %
170720 E AMEIRZE DRERFZEAL ORI B L TR Y2253
BELICH L, BRI ZAHEEZMRE L-oTHRET 5.

wOR

19974F 4 A4 620004E10 H F TIZENRBE LN E#EL
& —|ZTCR % VTG 247 - 72 OV F AV B R
3aflE A E L Lz, ML, Bit16% (EHERKLS.T +
18.67%), ZM18% (FIERG0.3 £ 14.15) TH 5.

WAL, MRS (1661), PAZEMEMSAE 53 H),

35



36

SVERFEEERIENG 22 (3 B1), BNz (2 B1), USF AMENUH
SEXRQHB), 7IOL F=RQH), HBAMY L%

JEQH), $af4 F—YAGHENB LY v=Fhid2
B THY, T_TTOL 27 74 NN= 2 THEESRD DWW
LOTHAE,

B

FEREAY ISR L 7o R B H 346 OCRIGES Wi{E 7 — % %
=27 AT — 3 3 »082(SGI#t#L) 12 8 bit TFTP (File Trans-
fer Protocol) ¥y L, 3 TR THISE & -2
% (Temporal Subtraction) 7’0 75 2 % v T4 li{% %
WLz, TNODEFEEDOHRD?S, ERELIKZVE O
37 case (74 pair), &% b D63 case (126 pair), A&1100 case
(200 pair) & ®IR L 7=, BERFE(LOFEIL, CTTHREZIT
272 DH%25 case, CRIGHEIEB LU ANVTED LT, %
FOFMWICBEH L THELZ D DDT5case TH Y, Zhed
VR ILEREH0E L EOBSHFRHEIZ X o TfT o 72, #%
AL T fE ) SEFI OB TIX, ZHMRIIR TV, &
KZALAS3 B & L7263 case DXMULIZ OV T, CRIEE &
O EHEOWH TH & 2RI H 5 LR T X i
e, EHICEAHOEPET —F 77 7 b2 ETENILE
L7z, REMIZEFEESDINETTORBEY D L2, »
BB GRINY — ¥ DX % & U IEF R IR 1B 1
W2 b e PF O FEGI 2 i ERR CBRATE, N6 OIS
W14 % Macintosh |2 fims% L, Wjf$27%> 7 FNIH (National
Institute of Health)image & JH\» TH{{§#R 21T - 72, f#k
M %2 mifRIE €2 ba 75 7 4 (FUIL XEROX) IZTHE
ihi% 2565 F, %7 300dpill T21 x 30cm*D ¥ 7 b O
MHRMICTHD L7z, oL, @Rmig) o BAEmg
2GS LB L2, 7075 A0BBRTREREIVNE
(o TVHEFIIEIIC, BESKE { B> TWaES I
BTEREND. L L, SRO5EHMREOEL%
ﬁ&?%@&ﬁ%¢gk#b,%ﬁﬁéféot%ﬁﬁj
Y¥a-—-¥ LCHERRESE, 500G ETRTEOER
L7 122L, BEOEALOMEBAFREL TWEH5E
&, ZOTETHRRLL, EFBRICHW 2 oMM H
f@ix, %1 H, RR14ETH5.

FERF I ZE S BRHAN IS, WRE B 2BHREEEZERL
T, BUEWIG L DEGEGEERIIERET -0 rELIf
27077 6THY, FHMIZT TICHESATVWED
TV ZTIAMHISIRRS, T 3BTRS & BFmg 5%
1 & 7248 L% (ROI: region of interest) % Fiv "C
WEWEEEDLIDDRERREIET 5. L&
&E@tbtu,ﬁ&@%uﬁwé%yfp—bﬂmkﬁ
FHESROIDFEAHPMELFEFEE LT, 7~ 7L — PROIE
HREEBMROIZTIZ—HT 5 5% KD, BoNLWELE
WONT PVDOKE S EFEHIET L5720, BFHEE
RIEREAICED NG, BHICZT - 7L THES
M7 F WS T AEWE 52 LI S 212 Xk o TESE

36

HERF AT

GBrHRons.

NAERX M I T W XA 2618 B £ OXHE (X Bt
#UD-150B-10, CIRCLEX P323DK-80T& 5. itk
EWIE100kV, FEFH200mAT, WMEHMIZ 7+ Py 4
YRR L. XWEORFRESY 1 X120.8mm, {40

74 NVEF —130.1mmCu +0.5mmAlTH L, LIz v
Fi210:1D 2 7807 7 4 ¥ TXMEE LD Himaging plate
(IP) ¥ TOHHEIZ200cmTH B, CRY AT 4 IZFCRI501
(BEATAANVYATL)THY, IPIIST-VTH S, [Hifg
ALY 2R3 gl auto mode 2 L, WifEOH AHL Y B
[&iZ100um, REHIZI0bitTH 5.

BEHE

B3, F9CROM@EMI(G & FAEMIE DM % I~ THEige
L, #ERECOFEIZOWTHE L2, KICCRETEIZES
&M THEEZIT, FRRCERZ(LOFEIZ DN T
e L7z, BIgI%rs, Eamgtmz CHii+sZ &
12X 5T, pairimageDIIZHEREEHLTH I w2 b, B
WORGRATRIE L T AIEFI Z R\ T, E5mi% L ofs;
Zbid, BTERBEATWAZ LR EFFH L. F -5
IR AW, FE AR L2 Wi{g % e Tl 247 -
7z, BB, BERERI0ELL EOMSHERIEE 4 4, BXOT
PR SR B MBS 2 B DR 6 B DIERITIT - 2. FFAili 5 31358
HehefS BEEE 1 X AROC (receiver operating characteristic) %
M7z, BEZEOMERICIGET, HELEESTomd
AT —NIv—7 25 L H5KE L. Boh/- Bk
H12, Metz’s ROC Software'" % IV THAT 247 > 7=, il
IIROCHHHE T DR TITVy, #ATHYA B2 (L paired-t E
T HWTHE L7z,

TN OBE/REIS, UFAMMNREICBITAX
TR RLD 6 RNy — » LR BED IR 5 728
fﬂi’%:afh Bl XRDIER NS — N7z, B/ Ry — >

, WRELIRE (7 61), MRE G B, BEEO ), 39
75*’7 ARERZ (7 B1), REKE G B IS EL, OV F Al
& [ARRIZROCHEAT 21T - 72,

B

PR LOF IR L T, CROMEME & BAEMED H
WL BiERE, CRIRICESEEEZMZ TRE o712k
2 DEEIEHEDOROCHD L % Table 1 1I277F. $XTD
BIEEE 1BV T, CRIEED A TRIFZ(L A L7561
e, ZSEEEIMZ TBE LSEDNH, 0% Ak
BBORELOMPIEISEE L TWE, 6 BOBEEDH
LBISAF R IR 5 BOBEHRL, AROEVFR SN,

F 72, Fig. 1 1BIZE 6 BBV 2 FEYROCHTE 275,
CRE{EDA|Z & 2ROCHIF T Difif (Az) 1Az =0.78, CR
%\ IS % N i IEAZ =0.90TH 1, Rk
DBIZB T BEGEEOHFRAEIRBES (P <

HAERSRE 5645 15



HH
Table 1 A: values for observers in detecting interval changes
with and without subtraction images.
A, value
Without subtraction  With subtraction
Observers image image value
A 0.804 0.935 <0.001
B 0.777 0.853 <0.001
C 0.778 0.900 <0.004
D 0.721 0.879 <0.003
E 0.773 0.922 <0.003
F 0.831 0.889 <0.259
0.002).
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Fig. 1 Graph shows comparison of average ROC curves of six

observers for detecting interval changes with (Az=0.90) and without
(A:=0.78) subtraction images. Diagnostic performance was sig-
nificantly improved (P=0.002)with subtraction images.

Table 2 A: values for observers for detecting interval changes in re-

ticular-noduiar, reticuiar, infiitration, ground-giass, and particu-
late shadows with and without subtraction images. Diagnostic
performance is significantly improved with subtraction images
except for minute-nodular shadows.
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A, value
" ~ Without subtraction ~ With subtraction
Shadow patterns image image P value
Reticular and particulate  0.809 0.995 <0.005
Reticular 0.695 0.881 <0.001
Infiltration 0.832 0.919 <0.001
Ground-glass 0.765 0.826 <0.05
Particulate 0.522 0.566 N.S.
N.S.: No significant
2 B
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Fig. 2 In this case, 5 of 6 observers did not rec-

ognize the interval changes with CR radiographs
alone (A, B). The subtraction image (C)reveals in-
terval change (arrow)under the right diaphragm.
Interval changes were confirmed on CT images (D,
E)obtained at a similar period of time.
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[-I-l.
O —
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Fig. 3 Minute nodular shadows of interval changes
were difficult to recognize on CR radiographs (A,
B)and even in the subtraction image (C). Slight
interval changes were recognizable only on the CT
images (D, E).
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Fig. 4 Shadows, which are clearly visible in the
CT images (D, E), had only a faint ground-glass
appearance on the CR radiographs (A, B). Even in
the subtraction image (C), interval changes appear
as insignificant changes in concentration, as con-
trast in the CR radiographs was very low.
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Fig.5 This case shows intermixed images of shad-
ows expanding and shrinking in size. It is possible
to recognize interval changes only with the CR
radiographs (A, B), but it is easier to determine size
changes of ShcldOW'S using the subtraction images
(C). Interval changes were confirmed by CT images
(D, E)obtained at a similar period of time.
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