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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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Fig.2 Chest phantom
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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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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.
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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.
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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
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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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Table3 Correlation between predicted and measured pulmonary function in the SPECT method
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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
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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

EZHHT &b TTFINELZ AT 2 FEEHCTW 3,

WEAERE N9, Al &I MFET I AT L 72 224
w4 ) EBXe R - MK > F 7T 7 4 TR ES
Wiz 7>t lZEMAEDLE T, SAELHTTF—ET
vzt ER 2 - TIBIPIRERED TR 2 2 I L, #
R[REMBAELLDL Y F T T 7 46BN HT7> b
AT FHME & i 2 A 2R L 22 b3
Bl 2k, #6DHAWLYRESBSEUC KD V-5 H
I ZECIRBI DRI RE TR & L O E 2 Tl
AEIN, BELHERIBONZEHEINTW 319719,
7212, BB LICHHRBEERICE ST I EAWHRL B
&, ZHLDTMETIEUMETFEREIC &> TRY - 248iF

52

SEFE D H 27T R T AT ORI
hrodz, T, BEIC L > THW AHIEE R - T
W Z Lk, fixDRETEENFRBIECEFLST B ES
WEBRL-TED, IXNTHOBEICH—DOFIEMEE AT
LIEMEL FHES LN WIEEYH B L EZ 12 L TH
%, BIHTT T TR 22 FRME I T FE R & Hok
09 R 57 AHBEBIGR 2 7R L 725, SPECT #: & 0 16\ AHBIR
BThote, i, THEORENETY, ¢ 7AED
VC & FEV1.0 O FHllc BWT7 7+ —#:13 SPECT #: &
D455 Tz,

AP SWE H554% 6



# ez M7 A 421

liter
3.0 1 n=50
[ ]
= o
=)
. 92 () - °
.g 2 =ﬁr5
S zgﬂnéﬂb
o O
o .,;!;..
o 0ge0°
1. 01 43
0.8~ i"
P
0

Fig.6 Recovery of pulmonary condition after operation (@ : no
problem, O : home oxygen therapy)
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