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Fig. 1 Block diagram of inhalation system and positron camera combined with an on-line

computer system.

EMOERYA 7a ba it VEZEN L2 7 —
oy k& LT 12MeV ONEBFE2RBHT 22 &
iZXh, UN(p,a) 1C OERIEE BT SHER
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Table 1 Data of pulmonary function of normal subjects and patients with lung disease
. : . FVC o o PaO. PaCOq SaO2
subject diagnosis (L) %VC FEV 1Y% pHa (mmHg) (mmHg) (%)
1 33ym normal 4.02 105 84
2 36ym normal 3.62 94 87
3 49y m normal 3.33 87 97
4 S3ym COPD 2.74 76 55 7.37 72 46 93
S Slym COPD 2.17 63 31 7.34 78 46 94
6 S3ym COPD 1.82 52 33
7 64y m COPD 3.46 104 65 7.41 89 43 96
8 4lyf COPD 1.67 61 31 7.45 67 36 93
9 44ym old. tbc. 3.78 101 82 7.37 63 40 90
10 63y m benign tumor  3.06 93 79 7.43 95 34 97
Table 2 Rate constant of exponential removal of 11CO:z and 11CO
11(:02 11C0
subject
whole Ith rt. It. It. whole rt. rt. 1t. It.
lung upper lower upper lower lung upper lower upper lower
1 0.038 0.037 0.038 0.043 0.029 0.039 0.027 0.035 0.040 0.021
2 0.024 0.014 0.029 0.026 0.025 0.021 0.005 0.033 0.016 0.027
3 0.050 0.051 0.034 0.066 0.026 0.033 0.045 0.031 0.030 0.024
m 0.037 0.034 0.037 0.045 0.027 0.031 0.026 0.033 0.029 0.024
SD 0.013 0.019 0.005 0.020 0.002 0.009 0.020 0.002 0.012 0.003
4 0.030 0.046 0.012 0.018 0.009 0.026 0.039 0.001 0.022 0.032
5 0.016 0.014 0.047 0.004 —0.001 0.007 —0.003 0.025 0.001 0.013
6 0.015 0.002 0.026 0.025 0.003 0.016 0.009 0.012 0.033 0.005
7 0.031 0.014 0.055 0.031 0.029 0.012 0.005 0.013 0.013 0.020
8 0.065 0.062 0.079 0.060 0.062 0.031 0.030 0.022 0.036 0.037
9 0.084 0.098 0.094 0.080 0.079 0.021 0.012 0.018 0.039 0.013
10 0.022 0.015 0.022 0.023 0.029 0.010 0.024 0.005 0.018 —0.012
I 0.038 0.036 0.048 0.034 0.030 0.018 0.017 0.014 0.023 0.015
SD 0.027 0.035 0.031 0.026 0.030 0.009 0.015 0.009 0.014 0.017

BELTHMEIC ey M 2L, BREORE
D WIER(E % O 1070 <1, 13 F mono-
exporential IZJRFET 572, FEBDOA =¥ v v
2An—7RER/NTREICELY, Y=Ae (Y t#)
Boa v v, ArEI#iAT U, A HEEIRED
OXIEEER &, RI OFfiTERBOEEZEL LT
EURROIEEFREK ) 2 Aviz. 72, BFTHE
BOBEELRE (2) o2 (A okt 3k (2i/4t)
Ko, 11CO; & NCO DEFEIREHHD /T 2
— % :LTHW.

4. ¥ R

YL 7mbr U ORENC X D 1976 FET A b

1977 & 125 ORI fIE L7z IE% volunteer 7 7],

ESI2F D 5 5, 1CO,, MCO JIEZEHRLL T
EfL, BEBICIYF— 72 ELELER3
B, R T ] (BMEFAEMERMESR S F, BRIBE
FHifEREAE | 7], BYERHER | f) Zxtdke Lic.

FIEFIOKAERE, BRI 7 2 4 47 D FR K X
Tablel LY ThHH, EEFOMEER (%VC)
7 m=953% 1FHFE (FEV,.0%) m=893%Tad
50z L, WESBFITIE %VC, m=78.6%,

FEV1.0%, M=53.7% & 1 BROETHEL» -
7o. ThidmtsRe U TRBMEBAEMMEEL S FlL
FORLAEZED B EEZOND. FKEH
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1'—
Y=0533X+0.009
0.054 r=0.68
o p<0.015
H
? Y = 0.182X+0.010
[ r=0.40
H i p<0.05
s 1 e« A4 T e
-
; o
O= B > |
o 1o
e normal
a L] o o patient
=] jo i -
"o 0.05 0.10
J Clearance rate constant of ''CO:
a
Fig. 2 Correlation between clearance rate constant of 11COz and 11CO for normal subjects
(@) and patients with lung disease (O).
Table 3 Regional distribution index (4i/4t) of inhaled 1!CO? and :CO
11CO2 11CO
subject  whole rt. rt. It. It. whole rt. rt. It. It.
lung upper lower upper lower lung upper lower upper lower
1 1.00 0.97 1.00 1.13 0.76 1.00 0.69 0.90 1.03 0.54
2 1.00 0.58 1.21 1.08 1.04 1.00 0.24 1.57 0.76 1.29
3 1.00 1.02 0.68 1.32 0.52 1.00 1.36 0.94 0.91 0.73
m 1.00 0.86 0.96 1.18 0.77 1.00 0.76 1.14 0.90 0.85
SD 0.24 0.27 0.13 0.26 0.46 0.38 0.14 0.39
4 1.00 1.51 0.41 0.59 0.30 1.00 1.50 0.04 0.85 1.23
5 1.00 0.88 2.94 0.25 —0.06 1.00 —0.42 3.57 0.14 1.86
6 1.00 0.13 1.73 1.67 0.20 1.00 0.56 0.75 2.06 0.31
7 1.00 0.45 1.77 1.00 0.94 1.00 0.42 1.08 1.08 1.67
8 1.00 0.95 1.22 0.92 0.95 1.00 0.97 0.71 1.16 1.19
9 1.00 1.16 1.12 0.95 0.94 1.00 0.57 0.86 1.86 0.62
10 1.00 0.68 1.00 1.05 1.32 1.00 2.40 0.50 1.80 —1.20
in 1.00 0.82 1.46 0.92 0.66 1.00 0.86 1.07 1.28 0.81
SD 0.46 0.80 0.44 0.51 0.89 1.15 0.68 1.04

DR 7 A TiXk BIRMEEFR/7E (PaO2) 1 m=
77.3 mmHg, BRILIREE 5 245 E (PaCO;) m=
40.8 mmHg & & o (KRR IME % T T FI2 589

b7z,

IIL.

B K

HCO: B XU HCO HRADHIHERENIEEL L
T, MRIRfZIE 1080 o RI FEMARICER S 72

BB ORERE () 2%, BXUEEE
THEOLFERAICEH L, Table2 |z5xL7-.

EEFIzHIF B 1CO: » 21x m=0.037 TH Y,

1CO » m=0.031 & DRICKEZED bih
S7=h3, EBFITIZ 1CO; % m=0.038 TEH
FlEIEEPILIE TH 5 O icxtL, 1CO ix
m=0.018 Lt *b» TKETH Y, HNCO:; D 1 &
DEIRE,H 7. LI L, FBEFO UCO: 0 2

Presented by Medical*Online



11CO,, MCO iz X 3 RATHRERERIEE 525

Bi% 0.015~0.084 L ZHEFIFM DT LS EHKE S,
—HFiZ 11CO DEERBOLBMET LTV S &iTw
W2V, TOBREHALMNCT B bIC, FHEK
T Lz 1CO, & UCO » AfEDFEE % ko, Fig.
2izR L7, EEFOEALETHERICRITS
1CO, & 1CO » A MRIzix, y=0.533x+0.009,
r=0.68, p<0.015 DA E» 54, 11CO izl
RTUCO; DFEERERRLLARENMEMMBED b1
7=, EBRFITIX, 1CO, @ A fEI/NS WERLTIX
UCO m AMADELLS, Thbb, AUV
DBENRHLNT, BEFICH T v FAENT S
IR L —Hic A 6h, y=0.182x+0.010, r=0.40,
p<0.05 LEEFICHETILELSENKEL,
¥72, MCO: DEERIZH L 1CO DEERINE
THAEENLNI L ERL TV,

Table 3 (ZiZIHARGHDO ST A -5 L LT,
JRFT ARSI > 2 HEF IS5 3 18 3K 4% 3K L (4/4Y)
R L7z, Zosffeski: RI 0EERSSME
THETHHLOREDD LIZ, ZhizxT 5
#RL72bDTHD. EEFITIE MUCO, 0EER
FTFERIC BT 5 20/t ik m=0.77~1.18 TH Y,
ETHEROZI/NE L, £/ 1CO L, 0.76~1.14
TETEIPIESL, LHicE62& L HEBA/LE
Motz ZhizxtL, EBFITIE 1CO: o /it
1T m=0.66~1.46 Th Y, FH2F H K & <,
UCO 4, m=0.81~1.28 & F4ERO LIS
BH—ELTWanic R 20, FERZE SD)
0.68~1.15 23RT T L <, BEFMOIEDSEIF
EhTREN T

Iv. & &

1. BB ARADEMNSDBEKRIZDONT
MEBARBITE U CO: 13, BMEMICAY,
iz Bl LB EHIRM X D fia& s ikEiL,
T HICHERRBICET B2, —#o CO; 1
MERIC LV EAcHEH s 5. KR TRICENT
13, CO: DHfifa—FEREMEREIIZLAERD
nY, FEICET AT EDO TEN L, EH
Fiin 2 e & BB T 2R 0 1/1019 s vbh
T3, Zhix CO: inHEEED O DA 20 5L

FEFICKEVWLH LEZ LN TV A, NC Fl
CO: B4, FEFEH CO. & [F] UAHEMITEIR L
B, 11CO: LfifgN TIXEMEM & 7272H 1
EHPRRE L 72 D, TRABKOMERAF IEREIC B L ERR
b ET 5 Rlactivity i /FRTOMEKIC & - T
RESH, o THEARIMMALME =T 7
A—HZIZnBLEZONS. West i3 Hammer-
smith-Hospital %4 7 2 b v CAEINDIE
EMQBETHRHZEED 9 5, BHICERERE2 7
Y 150 i CO: VTR Y, SGElbhbh
DAV UC 127 CO; LT ZDERRICIIET O
FENED b5, i CO: » RI activity D
FEiTi, MlEKHFOZEER CO: 1HEME M~
TL, BRfiific & - TRLOEES~ERT 2 LW
5 ZODBRENH B, CBO, X TFROILER®
ZREhd T e <,

150C160+H2166§H2C1602150%H2150+C1602
(c.a. : Carbonic anhydrase)
RI 23fi o HO iz & DA h 3729, AR

DHFRICBITT 2 EEXEbO TREL, M~
OEFEEAMIZTFELHELTH Y, BOEE 6D
HWRIIMMBO #IEET 2 LEX LR TNS.
THICHET S & UC Eik COx 1%, MilER LY
M ~DBIFiz CB0, » 1/10 DFEETH 575,
ffifans & o 1CO, DiFERFF, CBO, 0Ky 1/2 T
HHLOHED L HY, bAbhORETLE
#HEo 2 p mM=0.037 Th DI LESRHFT
H m=0.38 L etk LToEI/NE L, EBEF
2BV T HUCO: Dffifah & M ~DOBITEDOE
ERDPRENZLEEET DL, 1CO: DERRY
Ml mootrictaREhEsboLEX
bh 5.

CO REEHARMPIZIZEERET, Hb Lok
BHENPEDD TREVY, K, LIF~D
BAITIIMPRARZNLIERIC L YRESh D LB
26hTRY, 1EH®RKE, EEREBEREOHM
TERCRERIE 20 g EA 2L LTHVWs AT
BZLi3kmnZLTHS. LirL, RIEHCO
DR, ALV MRNE iPOEmEEZ Y v
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DX 9T, NCO: DIEKIA ML KL,
UCO MiEERIZ, MM 2 OEVERSL Tt
MFEDEENKE L, WD 2 DFEWESH TiX
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DAMEERNTLILT, —fFICIZ ETEN SN
WX X 9. ZhITH LU TE B #3813 1CO,
DA, EFICEIAHEOELSEAKREL, M
MAAORGEE N Z BN, & ATBERA MR
RERTZOFEALHA 572, 1CO TREN B4
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Fig. 3 Correlation between activity of the carbon 11
and maximum counting rate.
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Summary

Measurement of Regional Pulmonary Function with Carbon-11-labeled CO, and CO
—Studies of Radioactive Gas Clearance Curve—

Keijiro KIMURA*, Tomoyuki RIKITAKE*, Touru MATSUMOTO**,
Yukio TATENO** and Shizuo HASEGAWA*

*Institute of Clinical Medicine, University of Tsukuba
**Clinical Research Division, National Institute of Radiological Scienczs

Carbon dioxide and carbon monoxide labeled
with carbon-11 have been produced in the remote-
controlled system for a large scale production of
short lived radioactive substance with cyclotron in
National Institute of Radiological Sciences. The
single breath measurement with 11Co, and 11CO,
using inhalation system and a coincidence positron
camera combined with an on-line computer system
(TOSBAC 3400 Model 31) has been employed to
evaluate regional pulmonary blood flow and
diffusing capacity in three normal volunteers and
seven patients with chronic obstructive pulmonary
disease (COPD), old lung tuberculosis and benign
tumor. Regional clearance rate constant (1) and
distribution index (2i/At) were calculated from
monoexponential removal curves measured by
external counting over the chest in supine position.
This process was performed in a short period of
breath-holding (10-20 sec.) after a single breath
of these radioactive gases mixed with room air.

These parameters were calculated for each lung
fields divided into four zones (bilateral upper and
lower lung region). In our method, the activity of
the inspired mixture were 5~35 mCi/L and each
value in lung fields, divided into four zones, can
be measured with time interval for one second.

While the clearance rate of 11CO, seemed to be
mainly limitted by pulmonary blood flow, it was
considered that the rate of 11CO were limitted
by not only the diffusing capacity but also the
perfusion in each lung fields. In normal subjects,
the distribution of regional clearance rate was
showed approximately even for 11CO, and 1CO.
It was caused of the measurement in supine po-
sition. In contrast, the distribution of these
parameter was showed uneven in patients with
lung disease, particulary with COPD.

Key words: radioactive gas, coincidence
postitron camera, clearance rate, pulmonary
perfusion, diffusing capacity
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