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Evaluation of SPECT Imaging Capability in Various Lung Diseases

Takao Shintaku
Department of Radiology, Osaka Medical College
(Director: Prof. Hiroaki Akagi)

Research Cord No. : 506
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Clinical study on segmental disorders in various pulmonary diseases was performed using Tc-99m
MAA, Kr-81m; and evaluation of single photon emission computed tomography (SPECT) is reported in
this paper.

As a fundamental study, plastic segmental lung phantom was made, and filled with Tc-99m Oy
solution to study the SPECT imaging capability. From right S, to left S,, defect and all lobar defects of
the lung phantoms were studied in turn by SPECT, which obtained three dimensional images for each
portion of the segmental defect.

The imaging capability of SPECT was compared with the planar image in each defective portion of
the segmental phantom.

Absolute superiority of SPECT images to planar images was shown on right S;, Sg, left Sy, and S,
defective portions.

The superiority of SPECT also was shown on some other defective portions of the segmental
phantoms.

As a clinical study, in seven cases of aortitis syndrome, the roentgenograms and X-CT images did
not show any significant abnormal signs. SPECT perfusion images showed some visible abnormalities in
six of the cases.

In detectability of abnormal findings in pulmonary diseases, there were some indications of the
superiority of lung scintigraphy, compared with the roentgenograms and X-CT images, especially in
aortitis syndrome that may have mainly functional damage without significant organic changes.

The SPECT images were only 3~6% superior to the planar images in detecting abnormalities.
However, after careful study of defective portions of the segmental phantoms, it was easier to determine
the location and the level of functional disorders using SPECT images.
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Fiber Reinforced Plastics (FRP) #&}& M i K 3
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Fig. 1 Complete plastic segmental phantom of the
lungs
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Table 1 Volume of each segment
of the lung phantom

Segment No. R-lung L-lung

5, 120

- 215
S 180

Sy 360 350

Sy 160 210

S5 150 190

S6 170 260 -

S, 130

280
S 125

Sig 185 125

S;m 200 920

Total (cm3) 1780 1720

WHRRL, X0 7 = o 7 1CEATR, HH
BEXBICEAI T, Hapd-kcf@itiz 7 v

FADRERERIETL, £#REBXEE L, &,
TH#XED ECT 2 T LI,

JEE, X 7 v b 4% ECT BB D&
LI wEERE L ABICRE L7 — 2 R IT
W, ECT %87, &XKiBE, A S, ~Sw,
L3, FFE, TE BXOEMS.~S, LE,
HE TERBCTHUBY DEHMEE ECT &
ZYERL LB L7, ECT %13, RAEMfEE15%,
KIRMTE G208, HWRBEISHYBREL, z0
FLh, ToORBEERS ISHHLTWERT 4
A% 1T oBE LB O S & L,

2. EREREYRRFENT SR

TYFEFS 574 —, SELERER ST
DFEL S NITEBI R BFFERI SR & Lic, M ECT o
Mk, |EKvF27 57« —PERPIIIUAF, 5B
X#BMCT2MITLIcd 06T H D, 2> X 4
CT offBHIo67THI% w7z,

CD6THI R BRI X » TABITH &, HijE32
Bl, KEERASTEWEERE 7 71, Bhsst% 6 61, MoRikg:
8.5 6, PIEERR 4T, FOMRIBFATH -
7z (Table 2),

3. ECT A%#E& (Fig. 2)
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Table 2 Number of cases studied with X-CT and ECT

figeBic it B M+ & CREEEOFE (SPECT)

ECTRH7 -2 ABBEHBE > AT Ak v T
v 21,200 (BEBERTED 2 ZEL, BEEE

CRT 4014

-—--

=)

Fig. 2 Block diagram of the gamma camera

CRT DISPLAY 1 aeheTIc TAPE

R —

Lung cancer 32
Aortitis syndrome 7 Fuys  EREMLILOT, BIRLALEF -2
ping bereulosis : RIS 4 A 2 IR L7 (Table3). BE&OH
Middle lobe syndrome 4 R, 74 N & —IREARIC X - TREMTERIE &R
Others 13 Bk, KRMREE, AENEG Y BERL,
Total o 10~200 A 7 4 ARk ~A 78 Fy b A 2=
Sy —FNMLTXBE7 4 s beBE L (Fig
PHO/GAHHA 3.
1 SLICES OF EGCT
. INTERFT.EE—l TRANS o
- | ADAPTER ] " ? : byi "' | ‘ 1"
CONTROLLER s = B
™ weo [\ 6.
— (ECLIPSE-120) [ ———
128K words
ETERF&EE | ﬁannLLE& ‘ SAG.

HEMORY APPARATUS

-
I
i
I
I

T,

system on-line of SP ECT.

HAGNETIC DISC
HEMORY APPARATUS

CAPACTTY OF S0MB

¥, b bERE TR OB 2R EERE Y RTT
L7z,

A L7 ECT F%E (BEEFRTED BB R
PAHB LA 2 Y FIZ360FLEETA AV ) —
2EDFHF, Fo—dmiciEblEEyEE L.

Fig. 3 Each ECT image as shown is obtained from
the cubic lung scheme in a normal case.

Table 3 Apparatus of the ECT system

Gamma camera

PHO/GAMMA LFOV (TYPE 6413) SEARLE Co. Ltd.

Collimator LFOV LEAP PARALLEL COLLIMATOR MODEL: SKC-WO 46
LFOV MEDIUM ENERGY COLLIMATOR MODEL: SKC-WO 54
CPU ECLIPSE S TYPE 130, 128K WORDS DATA GENERAL Co. Ltd.

Magnetic disk apparatus

TYPE 5957 50MB DATA GENERAL Co. Ltd.

Magnetic tape apparatus

TYPE 5937 1600BPI DATA GENERAL Co. Ltd.

CRT

TYPE 4014-1 TEKTRONIX Co. Ltd.

Micro dot imager

TYPE 3132 SEARLE Co. Ltd.

Input output teletypewriter

TELETYPE Co. Ltd.
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4, ECT 7— # A&

FEREIY v <H 2 FORERIC—K LIS L
B & b, 10E@36751E, 368D %75
YVF ST ARBER L. Bbhi-S gL D,
BT R R, SIREEE, ATEEE SO BRK Y
v, ECT &%,

D M3 7 4 —

JHEIR X b Tc-MAA, 0.2mCi/Kg (fA%) %
BEL, 1% X bBts L, £ HAEI6REO 7 —
2 4 L7z (LFOV LEAP PARALLEL COL-
LIMATOR {#H),

D) |RvF IS 74—

BER < LoBFE (3//min) % Rb-*"Kr
=il — 2 —AXEAIE, BEFICERNIC
fi LS "Kr ¥ A2 @EEO~2A 272 A4 LTH
KK OIFER &R o Rk, ik, &
DEIEFRAEIRMBO F—2 HFRL L
(LFOV MEDIUM ENERGY COLLIMATOR {#
F.

5. ZFEMS > FI57 4 —

ECT olcdicfi g hic S FR>y v+ 7 5 A
(36E) © 5 b, F MBI TOIERE, MR,
TE G2 b O B Lz,

6. X #5 CT &

CTEEB2£H3HCT A >+ —EMI# &
CT5005/12%!, ¥ 7=tk General Electric #:#L. CT/
TX-2M2ER L, H#4MHiE TI1X120Kvp,
28mA, A 7 A ANElSmm, #E TE120Kvp, 160
mA, 274 ABL0mm i TER L7, X CT#
#E X ECT MefTH04% 2 BELIPIICTT - 72,

7. XIRER

BEO X BER T, MEMETHEEME, Kmne
HEME S X OCBE R BRE L.

8. ML AV T4

Ieds, ThbOiERTE O RE 2 I
EB4oicd, EEHORERHREHED LE: 5 1
Y77 AuER LI,

ITI. ERERBRER (MRE7 7> b L)
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L, ¥TReo IFickFlcEic, ADECT oaiax
ESBECH R b DR, BS, HSs X
Sriey ESKIBTH D, BIECT L& FHEDEH
FdBRALO, HS, Sy Ss Se, S, A
¥, £S, Ss, Se, EE, TEXH#E, CECT &
HHEDOENH Lo d DI, HS, Ss S,
HE, T#, £ Su. S S, ETEXRBOEX
BThHot,

RIENThOBFF L D& 2 PR RAT,

A) ECT @ B #E I R B AVRE Y H R 7= K3 R
=L

@ Hffi S, &8 (Fig. 4-A)

ZhmE ; EmEig (@), AEE (b), W
() T, BreXkEhRBRBED Rk,

ECT & ; niZEWiB& (d) <k, ATEHERN
CRAMOXREBZRL, EEE (@) X h Bk
BMELREB L LCRD LR, RIREESR (o)
Th, EREES LEIRE CBERRBLARED S
nic, BEEEE ) T, ®EACERE O &
BEEDL,

@ Hft Sgx#8 (Fig. 4-A)

& hm ; EE (a), FE# (o) &3k, HHE
R BERBD b o, BEEE (b) T, S
FIEEZABOR KRB EBDI,

ECT # ; piZE¥ifE@& (d) ©, A THEFKeEf
CRAMOREER T L, * ORI S, 243 H
Ehic, BREBE (e) T, THEORKRREE i
xR E LT, Fi, KBS
TiE, KEAREFBA~FIRKEE DD,

B) ECT L& FHADENAZLADLALEK
R BB

@ ARl Ssxi8 (Fig. 4-B)

& hHE g (a) T, 4 TSRz
WREBE, AfEE (b) T, TEEACEBIR
XEERD, FHE () TREEERD L -
y 2l

ECT #& ; aiZEWifE & (d) <A ThEAF
Ha b icEBRABL LTRD bR,

AW (e) T3, THIEFICEER X b filiPT30
AR S HRKEBE LT, Fio, HEEEEELE ) T
X, MERIER RO KiE A Bad T,
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BB iz s % M ds X DRSS O 5l (SPECT)

@ R-S.; defect
PLANAR [MAGES

i\

(a) Anterior view
ECT IMAGES

/)

(d) Coronal slice

(b) R. lateral view

A

(e) Sapittal slice

]

(c) Posterior view
o™ [ ]
‘; 1,[
3 -

(f) Transaxial slice

@ R-Ss defect
PLANAR THAGES

i\

(a) Anterior view
ECT IHAGES

&

(d) Coronal slice

(b) R. lateral view

’ I

(e) Sagittal slice

i\

(c) Posterior view

« 3

(f) Transaxial slice

Fig. 4 (A) Absolute predominance of ECT over planar images

@ AHfid#ERIE (Fig. 4-B)

£ g ; EHEE (a) T, AT oA
CELxFoaHROB VKB RO, A
flEE (b) <k, THEFEACERO®E W RBY
i, SEE (o) T, HilEEARl oLk K
BEFDI,

ECT & ; niZaliEER (4 T, APiEFofH

(26)

Bz EL % FoRrT R RBE 7D, T S,»
i Ehi, RREES (o) T, BEATHOK
fRIE b B 2 S FTBicE 2 G R B LR
i, BWEWES (D T, KA o®%®
REERD, TOREMEFH X, BRO S;h3HH
Thi,
COECTLE&FHmoENRKELBvdbhl
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@ R-Ss defect
PLANAR THAGES

I

‘Ill Jllli
.

{a) Anterior view (b) R. lateral view (c) Posterior view

/Y

\

R )

(d) Coronal slice (e) Sagittal slice (f) Transaxial slice

@ R-middle lobar defect
PLANAR IHAGES

i\

ik

{a) Anterior view (b) R. lateral view (c) Posterior view

/A

. d"

(d) Coronal slice (e) Sagittal slice (f) Transaxial slics

Fig. 4 (B) Apparent predominance of ECT over planar images

Mo T KA AR

@ At S,k (Fig. 4-C)

%5 ; B (a) T, S\EE ki Bk
KELCEBRKELRD ., ARESR D) T,
TR TELALFRRIBELT, Tk, THE
(c) THERIZELE LicEHERB L LTHED
bhic,

EAI604= 4 4258

(27)

ECT & ; fiZAWT & (d) T, FBRO S, &
DTFHECHRD S,/REHED B, RIKEEER
(e) Ti%, FFIERERECHE < HEMRIEHLZD B
hic, BEEREE ) T, AP Eahc, K
R RBEARD bh, BRI S&1ERi
fil & hie,

@ LBt S1..%38 (Fig. 4-C)



612

Mg Iz 31 5 M X U SEE O Ff (SPECT)

@ R-Sa2 defect
PLANAR IMAGES

i\

(a) Anterior view
ECT IMAGES

/)

(d) Coronal slice

[

(b) R. lateral view

it

(e) Sagittal slice

ia

(c) Pusterior view

ol

(f) Transaxial slice

@ I.."'SH—R
PLANAR IHAGES

i

{a) Anterior view
ECT IMAGES

Y

(d) Coronal slice

defect

]

(b) L. lateral view

(e) Sapittal slice

1)

(c) Posterior view

' (v

(f) Transaxial slice

Fig. 4 (C) No apparent differentiation between ECT and planar images

&HHg ; FE# (a) ¢, EmMEHcERD
REVRREDHH, EAMEE (b) T3, HRhcE-
BRoRBE ZED SR, TEHETE, Lk
WizIEEE () L bRl RiBriRdi,

ECT # ; #idElffE & (d) Tk, EHE# (a) X
b INHEER i e oM R BE RO, KR
KB (e) THARAMEE X b AEEREMAREY

(28)

ffigeiMiziBeb -, BETRTEE () T, HFi
Kok LTRDd bR,

2. MR 77 b Llcs517 3 ECTHRNZH
S > F 0T LK 5 X RIEH HEEDBAIME
A A7 ER (Table 4)

SHEyvF 77 A0EHE FEEdECT o
BIEW G s Dt L, 2HR v F 7T 7 4 —
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Table 4 Score table of ECT scintigram predominance over planar scintigram (lung phantom)

Right lung Left lung
Segmental Ant. or Post. R or L-lat. Segmental Ant. or Post.  RorL-lat.
number Vs. Coronal Vs. Sagittal number Vs. Coronal Vs, Sagittal
Sy 1 3
SI! 2 1 S\I +2 0 l
Sy 2 1 Sy 1 2
S 3 2 S, 3 2
Ss 3 3 Sy 3 2
Se 2 2 Se 3 1
S; 3 4
Ss 4 3 Sres 4 !
Sy 3 3 S 4 3
u. Lobe 1 2 u. Lobe 0 1
m. Lobe 3 3 ling. Lobe 3 2
1. Lobe 2 2 1. Lobe 3 2
Average score 2.46 2.30 2.27 1.64

Visual ratings of ECT predominance over planar images in imaging capability.

Point  0;
Point 1;
Points 2;
Points 3;

Points 4; Absolute predominance of ECT

DELARMEEN ECT O RRETEE & 0Ly
Toi.

ECT#o&FHEy v+ 77 2T 5 /RIBO
MHEEMLEEZ A2 71LL, 0~ 4 50 5 BEE
fiTRDO L S CHE LI, BERZDLD% 0 4,
SLOEDOTRIO% 14, UECEDTRLD
2R, KELEZOHELD% 34, ECT DA&AT
HEL, BFHAYvF7 574 —TlEHTER
rolfeb D& 454 L,

COWR, EhArvFri 4 —0EH, ¥
H&x ECT ORI B & cik B o ECT #ir
HEOEIZA 2 7132. 46 8T, EMI2.27T5CH -
fe, ¥R, FHMy 774 —05E
EEXNAGN ECT & RETBE CI132.304, ¥
ZERE S A ECT &RETE#& T, 1.645T
Hoie,

IV. EBRERMBFRER

1. BIREFHRHE (Table 5)

D X#RER

i D326 &6k X RER L2 W& BiE T
BHALPDORERTEZEL T e, KBIRERE

AEFN604E 4 A25R

(29)

No predominance between ECT images and planar images
The ECT images minor predominance over the planar images
Apparent predominance of ECT images
Major predominance of ECT images

B 7 P2 OB EBE R, BEITRHEH
RiZ0BTHote, 2O, X BEEED
i ER L& FEFIGTHIh58 G123 T R T86.6% T
H T,

2) X#CT

X#CT HATHI67TH T D% R i386.6% & X
BEELRFEOERR L, hid, XBIRSKSE
ERECir, XMREELARCEREFTR OB I
Fle ot THS,

D MivFsrs7a—

(a) M vF7357 4 —

EHmy 775 sk, WETST.5%0OKIER
Th -7, ECT O, £IR, siENBE LT,
90.6%TH Y, ECT oHEIEMTH - 7.

Flfe, fioEBECLSFRy v F /574 —
MNECT oftH=R % kM5 dDixiel, £kLL
TREFHE v F7 5 74 —-082.1%1 3 L
ECT 1288.1% (§&M1, EHRBcEIhB) Ot
HE Lo,

(b) BMFovFrs57 14—
iDL K vF73 7 4 —084.4%1ICH L
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Table 5 Detectable case number of visible abnomalities in several examinatiorns. (67 cases)
- Tec-99m Perfusion Kr-81m Ventilation
(g“”;::s I::s':: X-P Xg;" Multi ECT Multi ECT
En proj. Trans. Sag. Cor. proj. Trans. Sag. Cor.
T 39 32 32 28 29 29 29 27 28 28 28
g (100 %) (100 %) (87.5%) (90.6%) (90.6%) (90.6%) (84.4%) (87.5%) (87.5%) (87.5%)
Aortitis syndrome 7 0 " > g g . : - ! 1
s S5 ( 0%) ( 0%) (71.4%) (85.7%) (85.7%) (85.7%) (14.3%) (28.6%) (14.3%) (14.3%)
. 6 6 5 5 5 5 5 5 5 5
Lung tuberculosis 8 (100%) (100%) (83.3%) (33.3%) (83.3%) (B3.3%) (833%) (83.3%) (333%) (83.3%)
Pleuritis 5 5 5 5 5 5 5 5 5 ] 5
(100 %) (100 %) (100 %) (100 %) (100 %) (100 %) (100 %) (100 %) (10D %) (100 %)
. 4 4 3 3 3 3 3 3 3 3
Middlelobe syndrome 4 (100 ) (100 %) (75.0%) (75.0%) (75.0% (5.0%) (75.0%) (75.0%) (75.0%) (75.0%)
Others 13 11 11 9 11 11 10 10 11 11 11
(84.6%) (84.6%) (69.2%) (84.6%) (84.6%) (76.9%) (76.9%) (84.6%) (84.6%) (84.6%)
Total 67 58 58 55 59 59 58 51 54 53 53
(86.6%) (86.6%) (82.1%) (88.1%) (88.1%) (86.6%) (76.1%) (80.6%) (79.1%) (79.1%)
() Number of cases showing significant abnormal findings.
Ventilation sjde =5 = Perfusion side
Chest X rays
[~ /1}
¥ e " - ¥
Hulti projection /ﬂ/ﬂﬂ% Hulti projection /§ \’\"’”‘
1 ;
N A LA
Transverse 1 / Transverse k \ 5 u§
~ U o — Z/ §
—"
Sagittal Segitial % y
Fé» o / \h__;g, v/
Coronal M\w ronal '-\" HQ&/

Aortitis syndrome ( 7) Lung tuberculosis ( 6)

O\

P

<ﬂ’ﬂ

\

\&>

> ~
‘ i NP
: > S fj
= / . "/
: !
4"«4w ~< 4 \%H ﬁg
Pleuritis ( §) Hiddle lobe syndrome ( 4) Total (67)

Fig. 5 Detectability block diagram of studied examinations in major lung
diseases. Each radius indicates 100% detectability of abnormal findings.
( ): Number of cases

(30) BABERESE 458 H45
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ECT 1387.5% DBHERTH 572, Lo L, Filifs
6 Plic B\ WTIREHE> v+ 75 7 4 —83.3%IC
LU ECT $83.3% L AETH -1,

KERKEBEFOE KM vF 27T 74—
14.3% it L, ECT28.6% (Hlri&icftFE Eh 5)
TECT »EEm LI, ¥k, BRI vF7/ 35
74 —OETHIOBRELH A vF7 57 4 —
D76.1%15% L ECT80.6% (M icfiR X h
%) T, Thd ECT EMNERLI,

2, BMHEZX 1Y 54 (Fig. 5)

ChidEBEOCRFIT RELNERE LFE (100
%) TEHL, PLILOERY ZhEFhOKRE
RE Ui, BEEBRGOTKS w5275 74 —fIThH
Lxv, BHAv5+27357 4 —, ECT O
B, FRERE, fifANBomHERALR L. R
iz, F¥EBRBg s vFrs7 o —flEL, AR
DERRETRL, EToiir k% XBEE, T
XMCT &Lz,

A Y77 2B TIETREEEOESIT
Blel, BEFLIBREFFTRE LUEHE
iz,

ChIKR LT, KBRSIEGER T3, Mo X
BEHE, XHBCT v, EFFmAEoEHHERL
Motz Eiz, BKEBORHEIE L, M
VFI T 74 —DHRTEVEHERLRTRD, &
¥ ROKERETOS el AL ~E R RL
o, TOXSRERET LITHEN 2 — v IR
wbhhic, &6TFIOEMERZ &, Mt v 77

57+ —lBT > vy s 74—l X D HEED
KEL, MEBTIRSESE L » MKEES L D
BRIHEHLEBS ZEREDB R,

3. HEBRRME, MK OEEE DB >V T

iz, ECT &% v T @« DEFlIk T, I
M L RASEECREE LAY ) OEIDWTIR
st&inz iz (Table 6),

Tihebb, HHIWZXBETORECETOR
ErREFOEROBrMEE LE L, ZoOEE
EriifEEE (P) (BRIEEE (V) ok
gL,

P.>V. 16 e S R TEEE T LS
i3

P.=V. . Mk, RIEESRERE

P.<V.: B b RS0 MR EEE o L
i3

NP B¥FHREL
DA4DDIN—-F KR BE L,

Bt & T, P.<V.09.4%1 %t L, P.>V.M
28.19% L MEEEREDIEHIAEZ D, P.=V.h
53.1% &, £thEicixmif, BKEEHEOHEE
BRLTWD, Fi, Mi#EEaE, P.=V.250% &
WHRBRTH T,

—7, KBRIIEFRERED, P.<V.014.3%, P.=
V.00%iext L, P.>V.5385.7% & EEI—% <,
MmEEEEEC, WKAEE L MRSt LB,
b L RIEFRTH - I fEMA KA 78 5 fHH 23
bRtz

Table 6 Comparison of perfusion or ventilation predominance of scintigraphy level in visual

disorders information

Clinical diagnosis No. of cases P.>V. P.=V, P.<V. N.P.
Lung cancer 32 9(28.1%) 17(53.1%) 3( 9.4%) 3( 9.4%)
Aortitis syndrome 7 6 (85.7%) 0¢o0 %) 0(0 %) 1(14.3%)
Lung tuberculosis 1(16.7%) 3 (50.0%) 1(16.7%) 1(16.7%)
Pleuritis 5 000 %) 4 (80.0%) 1(20.0%) 0(0 %)
Middle lobe syndrome 4 1(25.0%) 2(50.0%) 000 %) 1(25.0%)
Others 13 1( 7.7%) 9(69.2%) 3(23.1%) 000 %)
Total 67 18 (26.9%) 35 (52.2%) 8(11.9%) 6( 9.0%)

P>V; Predominance of perfusion over ventilation
P=V; Perfusion and ventilation are equivalent
P<V; Predominance of ventilation over perfusion
N.P.; Not particular

HEFI604E 4 A25H (31)
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Chest X-rays

a,' ‘ :
(a) Cor.tomo. (X-P) (b) R-lat. (X-P) (c) Trans. (X-CT)

Perfusion scint. (ECT)

(d) Coronal slice (e) Sapittal slice (f) Transaxial slice
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|_UI'IQ DhaﬂT.'OITI (ECT]
} © "

(j) Coronal slice (k) Sagittal slice (1) Transaxial slice
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Fig. 6 Casel. Lung cancer A.S. 70 Y.O. (M)
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(g) Coronal slice (h) Sagittal slice (i) Transaxial slice
Lung phantom  (ECT)

(J) Coronal slice (k) Sagittal slice (1) Transaxial slice

Fig. 7 Case 2. Lung abscess N.I. 42 Y.0.(M)
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(g) Coronal slice (h) Sagittal slice (i) Transaxial slice

Planar Scint.
(J) Ant.view (k) R-Lat.view (1) L-lat.view

Fig. 8 Case 3. Aortitis syndrome C.N. 37 Y. O. (F)
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