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Prediction of Postoperative Pulmonary Function
using *"Tc-MAA Perfusion Lung SPECT
Nobuyuki Hosokawa', Masatada Tanabe", Katashi Satoh”,
Hitoshi Takashima", Motoomi Ohkawa”, Masazumi Maeda?,
Toyosato Tamai® and Kanji Kojima®

In order to predict postoperative pulmonary function,
#“mTc-MAA perfusion lung SPECT and spirometry were
performed preoperatively in 52 patients with resectable
primary lung cancer; 44 underwent lobectomy, eight
pneumonectomy. Local pulmonary function (called local
effective volume) was evaluated according to the degree of
radionuclide distribution of each voxel in the SPECT images.
The total effective volume was defined as the sum of the
local effective volume, and the residual effective volume was
the total effective volume excluding loss after operation.
Predicted pulmonary function (VC and FEV1.0) was calcu-
lated by the following formula : Predicted value = preoper-
ative value X percent of the residual effective volume. Pos-
toperative pulmonary function was predicted in the same
patients by means of *"Tc¢-MAA perfusion lung planar
scintigraphy and X-ray CT. The patients were reinvestigated
with spirometry at one and four months after surgery, and
the values were compared with the predicted values. The
correlations between the predicted values using SPECT and
measured postoperative pulmonary function were highly
significant (VC: r=-0.867, FEV1.0: r=0.864 one month after
operation; VC: r=:0.860, FEV1.0: r=0.907 4 months after
operation). The predicted values calculated using SPECT
were accurate compared with the predicted values calculated
using planar scintigraphy or X-ray CT. The patients with
predicted FEV1.0 of less than 0.8 liter required home oxygen
therapy. This method is valuable for the prediction of pos-
toperative pulmonary function before the surgical procedure.
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RS S 724 SPECT Bifg K 7 € v b Rl G545 H%
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(Fig.1). U EnFETkedR, RIGADREEIZIL LT
FEAMT L 2 £ BT % £ 1 IEREC K
Wl 2 HERERATE T H B L F 2 2, BB kElEp B
UMb 2WETAEDICTT 7> P AEBREFATL
7.

FHik

IR LA GCA-IB ik A X —LAT 2 Y
A—FEEELTHCE, 77> 6 E20ETLHAD
SPECT DN UE&A:3, WI#EESE 25cm, 1 27T v 7 6 B,
360 FEMBET 1 AT v 7ONUERMIZ 108 & L, %
M7 4 v 12iE Shepp & Logan # Fiv», ¥j—#ilEB &
USRI IE 24T - 72, SRR E L T 0.10 2 v 72,
E7eno 1l BoES(3054cm TH Y, EEREGED A
T4 ZDFEEZ1.08cm & Lz, ThbbHMERTSH
1R 7 e LEiEV =0.54 X 0.54 X 1.08cm* Th 5.

Ty P ARER LM77 AFy 7HMEESEE 2
B, Folick® ANz =—4Ex2 ko TREIZEL 2
LoEER LA (Fig.2). &M, B30B0MEE
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FIZEME L L 2O T N—F 73T 4 L DWRE
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Fig.1 Correlation between effective volume and counts ratio
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Fig.2 Chest phantom
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0 0.5 L0 liter
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Fig.3 Correlation between calculated and measured
effective volume of the phantom: (A) p=80%, b=25%,
(B) p=85%, b=20%, (C) p=90%, b=20 %
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RNz —F B L L THIATL Tv 2 88X 4 CT 1%
TR Z RIE L, HiEOIFIRMEAS T RE 2 51
L7z, 33 GE 4 82 CT-9800 & # ##:% CT-9200 #
Wiz, BTETICHATL 22 1.0 em 25 4 A E o CT &0l
D% CTEENE=F—ERm LTI —2L, £27
A ZADEREFERE % Ked, = i b el thFE & Y1k E i
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i ARE > & BN L 7z, R hE o) F Il 12 ko T
L7,
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Fig.4 (A) Chest X-ray image of a 72 year-old man with squamous cell carcinoma in the left lower lobe: Left
lower lobectmy was performed. His preoperative VC was 2.60 | and FEV1.0 was 1.86 1. Postoperative pulmonary
function was measured at one and four months following operation (VC=1.94 1, FEV1.0=1.54 1 cne month after
operation and VC=2.59 1, FEV1.0=1.88 1 4 months after operation).

(B) CT image with tracing lines: (1: right lung field, 2 : left upper lobe, 3 : left lower lobe, T : lung tumor) The
total lung volume was 5.77 1 and the residual lung volume was 5.06 1. Predicted postoperative pulmonary
function was VC=2.60 1x5.06/5.77=2.28 1 and FEV1.0=1.86 1x5.06/5.77=1.63 1.

(C) Planar images of anterior and posterior view : The radionuclide distribution of the left lung was 40.5%.

405 4/9)=1.52 1.

Predicted postoperative pulmonary function was VC=2.60 1>x(1—0.405%4/9)=2.13 1 and FEV1.0=1.86 1 X (1—0.

(D) SPECT images with predicted cutting lines (# 8~18): (EV : left lung effective volurne, Ev : residual left lung
effective volume) The right lung effective volume was 1.42 1; the total lung effective volume was 1.42+0.91=
2.33 1; and the residual lung effective volume was 1.42+0.76=2.18 1. Predicted postoperative pulmonary
function was VC=2.60 1x2.18/2.33=2.43 | and FEV1.0=1.86 1x2.18/2.33=1.74 1.

L7, #YEROEE, SPECT & TIZEERM MM T v
#%, SPECT1&0 A 74 AEH1.08cm TH ), N—F >
T T HWE XM CT D A7 4 28 1.0cm &Ii31XE L
ThHoH126, CTHIEEZEIC L h b UIBER % A,
Pt IR RE T BB S I IRk & vz,

r eIk aeFlHE (VC, FEV1.0) = s flnf-uf b

Ae (VC, FEV1.0) xXFfFhiAzhiat /i zh it
TEFIR T

1 FEB 2 H27% L & FilEkic & 2 s il fE o0 &
k&R,

FEPIZ 72 B, ETECREE L 2RFELEED 2R

FRETHES A 25 H

TETHEUERM»FES L (Fig. 4 (A)). ek
il VC=2601 FEV1.0=18617T%h- 7=,

HoEE X #t CT B & 2 7 4 A2 THli B 8% L T
LRiRHTE Ko, KIS TESL B 2 i % J5E L3R 7
i & keH>7: (Fig. 4 (B) ). Z odEploeMiEHEix 5.77
1, IR 5.061 TH -, CT g:ic & 2k
B F B 13, F W VC=2.601x5.06/5.77=2.28 |, T
FEV1.0=1.861%5.06/5.77=1.631 X & H | 7=,

WM 77 +—>F 7774 THMELRENMD 7>~

b IR RTER T 39.7 %, BEART4LI%THD, FH40.
5%THh-7 (Fig.4 (C)), 77+ —iEic & 2 ienenkss
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Fig.5 Correlation between predicted and reasured postoperative pulmonary furction in the SPECT method : (A) VC at one month after
operation, (B) FEV1.0 at one month after operation, (C) VC at 4 months after operation, (D) FEV1.0 at 4 months after operation.

RETFHIMEIZ, F#IVC=2.601X(1—0.405X4/9) =2.131,
F# FEV1.0=1.861x (1 —0.405x4/9) =1.521 » & 1 L
7.

fifi L 57E SPECT 1§ & 3Kab 7= A5 Wl 0 5 5h ik F 1L 1.421 ©
Hodz, ERiOFERIZ 0911, ETELZBWERD
BuhEHKI2 0761 TH D (Fig.4 (D)), 4MtiA%kik=
1.42+0.91=2.331, BREMAREE=1.42+0.76=2.181 T
& -7z, SPECT B:ic & % 7ii 4 0P IR 4% BE 7 HIMEIE, F 0
VC=2.601x2.18/2.33=2.431, F i#fll FEV1.0=1.861x2.
18/2.33=1.741 * EH L 7=,

AHE B D i 1 W D RAR AR II A2 1 2 A B VC=1.94
, FEV1.0=1541, 5% 4 # A B VC=2591, FEV1.0=
1.881 Th - 72,
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HIRo) 3 00T s N FRME L M2 1 2 HE, 4
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able ]l Correlation between predicted and measuerd pulmonary function
Tabl C b dicted d f
& 3
VC (1M) FEVL1.0 (1M) VC (4M) FEV1.0 (4M)
@ 3-o0%#% CT, 77 - ” ” " -
n:: n: Il:! n:
+—, SPECT &) Tk
LI fﬁﬁg?!ﬂ';ﬁﬁ&ﬁ"ﬁg‘ y=0.531x+0.633 y=0.562x +0.491 yv=0.647x-+0.616 y=0.766x+0.351
0 x [ WIEL 0 =
II ﬁ“"é 4By it r==0.721 r=0.701 r=0.813 r=0.820
m?’r’}m‘_ﬁc ;:).Elj . fﬁr - p<0.001 p<0.001 p<0.001 p<0.001
: - 72 iy 4% IRyl
ﬁﬁ%?iﬂﬂﬁﬁ&:‘ﬁﬁ‘fﬁ% 1% H E Planar n=37 n=37 n=40 n=40
4% A Er Zo8f TR} % v=0.641x+10.391 y=0.674x +0.316 y=0.693x-+0.483 y=0.766x+0.351
Fius THIE L 72 SRk A r=0.792 r=0.792 r=0.779 r=10.838
BRI 4% 1 % F H o p<0.001 p<0.001 p<0.001 p<0.001
VC T2 r=0.721 (p<0.001), SPECT  n=37 n=37 n=40 n=40
4 4 HH®VCIEr=0813 y=0.646x+0.362 y=0.800x+0.133 y=0.753x+0.360 y=0.912x+0.155
(p<0.001), 1 # HB » r=0.867 r=0.864 r=0.860 r=0.907
p<<0.001 p<0.001 p<0.001 p<0.001

FEV1.0 T3 r=0.701 (p<0.

001), 4% HH® FEV1.0 i
r=0.820 (p<0.001) T&H -
fo. 77 —ETCEBLEET
B &M EREOMBEIZME 1 AHEBAVC TCldr=
0.792 (p<0.001), 4 # A H® VCiz r=0.779 (p<0.001),
1 %7 HB® FEV1.0 Tix r=0.792 (p<0.001), 47 AH®
FEV1.0 i3 r=0.838 (p<0.001) T& - 72. SPECT : ¢
H L 72 FifE & it ERiEoMBEIzfE 1 A BB VC T
i3 r=0.867 (p<0.001), 4 % A H® VCixr=0.860 (p<0.
001), 1% HAHeFEV1.0 Tix r=0.864 (p<0.001), 4 #
A B » FEV1.0 iz r=0.907 (p<0.001) T & - 7= (Fig.
5). CT &7'7F+—ghTKeb - FHME & Mrt:ERfEHFHE
Bix SPECT # & i | THIBIGREA*{EA - 72 (Table 1),
(b) 3 2DHBEOREED i

BRI T A & S OB D EA W E2RT b
DT, Filf & FEEIEOZD I/ T b b TFHHED IE
MEEXEULTLLEMLZ2LOTIR W28, KICTFHHE:
MBEMEDZEFMEL, 5D HFENEZIT- 2
(Table 2). & H ko TFHRME L MEENHEL T THi- T
VB REBI & F VT HBe L 72, ETRESIELE TR 1 4 A BT
356, M4 AHE»BBITH- 72,

Friedman #E D #ER, i1 2HEHDH VCiZ 3 2k
EMIcAEEZ2 R o728 FEVIO TIIAEE=22
& (p=0.031), Tukey iz & % ¥ SPECT #:12 CT
FEDLENTWDE (p=0.023) W IFERTH- 22, i
#%1%HB®SPECT #:& 75+ —, 775+ —#& CT
BOMIcHEHF A FEZ IR L 72, M4 H AR
i3, Friedman % T3 20K EMIc VC & FEVL.0 o
MG EEE @S (VC: p=0.036, FEV1.0: p=
0.003), Tukey #:ic & 2 Wi T VC Ti SPECT 47
ZF—FELNENLTEY (p=0.026), FEV1.0 T I3
SPECT #4°CT #, 7I+—#Hnwinnfikl ) L
NTWw3 (p=0.003, p=0.046) &\ FERTH -7, i
#%47ABDVCIzBIF5SPECT#& CTi#:, 75+
—#ECTE, BLUFEVIOICBITA2 77—+ CT

ERTHESH25H

1M : one month after operation, 4M ; 4 months after opertion

Table 2 Comparision of the absolute error of the SPECT,
Planar and CT method

a) Result of the Friedman test

.

one month after op. months after op.

x? df P x? df P
VC 0.755 2 0.686 6.68 2 0.036
FEV1.0 6.96 2 0.031 11.7 2 0.003

b) Result of the Tukey method

one month after op. Z P
FEV1.0 SPECT vs Planar —1.18 0.467
SPECT vs CT -—2.63 0.023
Planar vs CT —1.45 0.314

4 months after op. z p
VC SPECT vs Planar —2.58 0.026
SPECT vs CT —1.29 0.400
Planar vs CT 1.29 0.400
FEV1.0 SPECT vs Planar —2.37 0.046
SPECT vs CT -—-3.32 0.003
Planar vs CT —0.95 0.609

EoMIC I EEELBD L -T2,
(c) SPECT gt X s 5165 B o) Mg

Ik g A 3 B4t T SPECT #7472 F #il{E
OFEFE % Yl 72, % 7 FHME & AR E O ERI Rk %
e L 72 A% 3 BRI Z=i3 e A - 72 (Table 3), Mii4HEkl <
ik 1 A A B VC OFEBREAER DI A D v
feeb &2 bk, KT 3 B T RME & K BESD
=k FREL B L2 (Tabled), 2R, 14 H
H, 47ABEHic 3BMTRYE —tr FRECHFEE
12D o728, VCOTFRITIZ 1 A A HOFHHED 4
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SPECT # i\~ 72 Bl GD B Al 09-IBAs E  -)

Table3 Correlation between predicted and measured pulmonary function in the SPECT method

FH#yi—t > P IREDKRE H

number of lobectomy pneumonectomy

27z, resected segments 3 4-7 9-10
(@) SPECT iz BT 2 ifit)
[RBR R OHEE VC (1M) n=11 n=20 n=6

SPECT #:THILEN1F y=0.554x +0.543 y==0.765x +0.123 y=0.727x+0.278
# FEVLO0 & il b ag 7 r=0.823 r=0.893 r=0.535
BOBIR T, TEmIRE p<0.001 p<0.001 p>0.20
ﬁ¢ﬁ‘¥“i: ?.;.' =723 1F§|Hi T’\*-C VC (4M) n=13 n=23 n=4
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VLE22 5 2 IS e R AR P00 p<0.001 p<0.05
ke g Lawr-7 (Fig FEV1.0 (1M) n=11 n=20 n=6
6). y=0.827x +0.061 y=0.796x +0.139 y==0.714x+0.271

r=0.895 r=0.839 r=:0.805
p<0.001 p<0.001 p<0.05
* =

— S FEVL.0 (4M) n=13 n=23 n=4

W I FIRBRRE DT R I3 A2 y=0.814x+0.244 y=1.02x +0.032 y=1.02x—0.030
SUifigge 2 MET 2 2 00 5 r=0.948 r=0.876 r=0.972
WhE -7, 7orazfno p<0.001 p<.0.001 p<0.01
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1M : one month after operation, 4M: 4 months after operation

Table4 Mean percent error between predicted and measured pulmonary function
number of lobectorny pneumonectomy
resected segments 3 4-7 9-10
VC (1M) n=11 n=20 n=6

275+21.3 % 7 23.8+21.0 % 175+12.7%
*
VC (4M) n=13 J n=23 n=14
15.1£10.7 % 12.8+11.0 % 202+10.8 %
FEV1.0 (1M) n=11 n=20 n==6
18.2:£15.6 % 156+17.6 % 16.0+8.8 %
FEV1.0 (4M) n=13 n=23 n=4
11.1:£7.3 % 9.7£7.7% 47426 %

1M : one month after operation,

4M : 4 months after operation * : p<0.01
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Fig.6 Recovery of pulmonary condition after operation (@ : no
problem, O : home oxygen therapy)

ABFLE LI, SPECT 77 +—#:icn 2 Tl X
#CT &% HwieFillgk % il Ak, WEOFMICEEL TE
B X R CT A IIW RO AR RGP £ 0BT 2 9
ZTARARLBRAETH 555, MEIFERBED T L X
CT #HWTHHETREZ WA EWIELHHFET S, Ld
LX#MCT &2 HWTHETE 2D BENEKITH > T
BERIMATE Tld 2oV, IRIRBAE 2 5ET 2 & 9 Zohsiedhit
WIZFIET B354, £ ORREDTEVIT & TEIBIRNE & Hkk
RN OZENBE, FRHEIBTEMICKS 52 50
5, GERINFE L O#E T CT 313 SPECT iz sk L
T, FHlfl & Wi EAMEDMBIREDME S, Wikl 2 HAHE
? FEV1.0 OF B L Ui 4 # AHD FEV1L.0 O F# T
WD > Tz,

i 4, SPECT ¥ J iz v 2% o0 J3 A fE % i1 4L
L, ERT2ZLHELE o7z, AiEIFRASEED T
SPECT % v~ 2 #l six YIBR T E il 321 SEAR Y I YO BiEAR %
WA Z EATE B E, EiL 2 FERE % FHlMEIz 5
MTEBETHL, 77— QI FHERTH ), BiED
HLNHDH 5 OMnBiEie L EMICERT 52 LT
27, VRmMicYBRE 2o b AETH N, CT
B THMARBICOEEREZ WS Z L3 TE 25005 ATk
BERBLAZLDTId 2w, U EosTSPECT 2w
BT 7T+ —E% CT B R M2 W T X, i
BFBRBREOTFHIC AL HFETH D L E2 L5,
SPECT 7 i\ 72 fif& M-I E8 e 0 T-#l i3 3 Tlc bR &
NHEINTEY, 8 5™I°"Tc-MAA Jili 1t it

ERLTHESA 25 H

SPECT o &k Wif% % i\ T, Z 72 Hirose & '3 4 Wi
 F W THT RN RE & F Il L B2 iR 5 6 e & 3t
HFELTwWE, Lirl, ThbnlEirideEl 2MEL Lo
RSP REIE % [6] DA & L CH- ThB Y, +4oIc Bk
AL 2 HH: LT 2 0w, RELPEFRLLFEIG
JRFTHERE R B L 72 FRIEETH ), SEH L 22Tl & i
EHME & DIz B CAHBIREE S S N, 510 CT 3%
77— TR T HME & AR R E A B T L oA
B, W% 1 4 AH T2 FEVLO o F#licBi L T SPECT #:
HCTHEINLEBICENLTW, /2, Wit4HAET
BVCOFRMIzBWITSPECT #3777 F—E L N HE
ERTEY, FEVLO O TR T3 SPECT #0177 ) —
e CTEAOWTNOHEL) LFBCHENLTVWSE 2\
R BRI, W1 2 AHOEAEL 4 & B BOERE X

N HARABIE A A L Lzt T AU 1 4 A BICI3 AL
T, DRI WKL, WS OERA S & & D FlT 0 s
EFE BT Wb bEZ 5,

LIk X390 oo K5 21 B L -C SPECT #: T 3 K4l Bk
B, A XD EoIEREES L Ol 3 BHC T T
H#e L 725, MBIRECmE1 PHEL 4y HED 38
MicZiz ad -, i, FHEESEHENEZ —>
FRAZE L LTI L 2 Y B MIC B R b o F2, TR
17ABE 4 RE21ET 2L, 3RKBEIREED VC
AT1HAABOBEN4HAABINEHETICKRE P72, /N
i PR D FEUT AT 15 S0 1 13 R BE R D 2 v b 1) 12 B
RN DPLIRA G- AT 7 & ORZEDRE { —@ D
WM EIARZ 2D EHEZ L.

BB R OFHE & LT, FEV1.0 2 EAZEMZAL % 4
ELTHEMZE LEFERLTB ), FLREHREICES
DEDNLLNEVWSBEERTHHENZ %L, I
—EEAWRRE T T FEV1.0=08~1.01 % G ERE R
ELTWBHDHENIMDS nSEFAE L HTFR E
L 72 5E B WTEE IR AFEIE 7o B> - 729, TEBEREHRED*
WBE X e o T2 REBIDT 3B - 72, IR TlE, BB A
L FINEZOBRLRLZ R 22 L 05T, £
%, (CIEAIRE & 2o - T HEERBERENE R BEHD
EFENOER EICEBL Twa, eIk nE s
I 72 3B FE FEVLO 7 0.8 1 RiinfEBITH D, 0.8
1 U EDFEGI T EEMEREIZLE L - 72, BEOH
HOL IR LD 5 T HE TR FEV1.0=0.81
HRFAEEZ b, 272, MEHEFRESEESERZ D
DB T ER B E-CI M 2 &0 L T b 2 & h¢
HY, FU FEVI.0 D5 TFMTEIG 4 RET H DI EHT
H B2 iz F R FEVIL.0 450811z VS Tld—
AR il B Uik B 8 X B <o S 8 £ A7 SR & AT L TREE I oAl
WIEEPET HUEFH L EHZ Lk,

FLE L AERL 72 SPECT 83, CT 8, 75+ —#8B
LU, T TIRBES N TS SPECT o RIE &S %
WL, WMol LL s TIRARARE & 0 IEREC BB
PFHETH 5, ABENRRFFIEEZ FRT 29 2

53



422 SPECT # Fiv» 7z lili G0 B i i 0 F-0c kit ik o -7

TELOTHEMLEHETH D EEZ b,

& B

1. *"Tc-MAA fifilin it SPECT % Hw~C, Hilioo J& fd
Ae % B L 72 i e Tl 2 ZE L, AEofFH
PEIZDWTHRRT L 72,

2. BRIGHT 3R 7 7> F 2AEBZHATL, Bbh
T2 il S % BRERBIC v 72,

3. ERHRP Tl AR TR 722 FHME & AR ENEDMIC
EWHHB £ 88, FRFICHITTL 2 XMCT 77+ —-3
YFTT7T7 4 FRCT TR NTHEED ) L THEEC
BT, F72, GIBRKEEIC & > CRIEDET T 52
ENx oz, ARTFEEIC BT B MU0 EE R S I
FEV1.0=081&#%2 sl

4. AL, FECERDE IR IR AR BB L L o
WHE AR I B 2 3 DB EDIDRATICE L <, Wk
PR TR 2 ET 5 9 2T, & bICHTRCHBREZL &
MEREL TFHT %) 2 CHRALERZRETE D L #£2
2% (AN

AR D —BIE TR E AR GERFFZEA, REEES
05770685) D#iEI % 51372,

X ik

1) Ali MK, Mountain CF, Ewar MS, et al: Predicting
loss of pulmonary function after pulmonary resection
for bronchogenic carcinoma. Chest 77 : 337-342, 1980

2) Snider GL: A clinical evaluation of bronchospir-
ometric measurement in predicting loss of ventilatory
function due to thoracic surgery. ] Lab Clin Med 64 :
321-329, 1964

3) Kristersson S, Lindell SE, Svanberg L, et al: Predic-
tion of pulmonary function loss due to pneurno-
nectomy using '**Xe-radiospirometry. Chest 62 : 694-
698, 1972

4) DeMeester TR, Col L, Heertum RL, et al: Preoper-
ative evaluation with differential pulmonary function.
Ann Thorac Surg 18: 61-71, 1974

5) Olsen GN, Block AJ, Tobias AT, et al: Prediction of
postpneumonectomy pulmonary function using
quantitive macroaggregate lung scanning. Chest 66 :
13-16, 1974

6) Boysen PG, Block AJ, Olsen GN, et al: Prospective
evaluation for pneumonectomy using the ™ Tech-
netium quantitive perfusion lung scan. Chest 72 : 422-

7

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

425, 1977

Williams AJ, Cayton RM, Harding LK, et al:
Quantitive lung scintigrams and lung function in the
selection of patients for pneumonectomy. Br ] Dis
Chest 78: 105-112, 1984

Corris PA, Ellis DA, Hawkins T, et al: Use of
radionuclide scanning in the preoperative estimation
of pulmonary function after pneumonectomy. Thorax
42 : 285-291, 1987

Julius AJ, Jong D, Deutecom H, et al: The value of
#mTc macroaggregated alubumin lung perfusion scan-
ning in the prediction of postpneumonectomy function
and pulmonary artery pressure. Scand | Thor Car
diovasc Surg 21: 81-85, 1987

P By, AHEEsEN, M-8, fb: s > F 275
& 72 Bl BB O R B EE O Tl D v T ok
af. HEgyb2EE 36 0 2221-2228, 1988

Arborelius M]J, Kristersson S, Lindell SE, et al:
!X e-radiospirometry and extension of lung cancer.
Scand J Resp Dis 52 : 145-152, 1971

Kristersson S, Arborelius MJ, Jungquist G, et al:
Prediction of ventilatory capacity after lobectomy.
Scand J Resp Dis 54 : 315-325, 1973

Wernly JA, DeMeester TR, Kirchner PT, et al : Clini-
cal value of quantitive ventilation-perfusion lung scans
in the surgical management of bronchogenic carci-
noma. J Thorac Cardiovasc Surg 80 : 535-543, 1980
AN P SRS B AR T 7 4 —
o & BB RE D F I, B St EE 300 1784-
1795, 1982

BosA, /NBE B EHE 18 b ERAE > F
77 4 I & BERATRINT ISR REA AL A 9
OYIERFR B Ui AL BE OGS, B2t 32 62-
70, 1984

BYe— s 527777 4 —I2 L 2 i RAsus fe i
RED T BYS 205, HBayh23E 36 0 97-106, 1988
B BN Ui e F 777 4 — Rl AE R & B R
BFEOMRED AR RS TI. B Mstedt 33:83
-89, 1985

b, WIS, ALILE—ER, fih : SPECT % {#/H
L 72 Bl 38 2 > 12 & 2 Wl H a2 & o5 e e um b a7
#l, HEW 51:23-31, 1992

Hirose Y, Imaeda T, Doi H, et al: Lung perfusion
SPECT in predicting postoperative pulmonary func-
tion in lung cancer. Ann Nucl Med 7: 123-126, 1993
SLEFBEACRS, Aol FEIRHNE, b o iR e AE
DILEER) T8, M 8 ¢ 725-731, 1989

54

HAR 23k 554 H 6%



