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Single breath washout ;{2 X % functional image £ g% (=
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FBrHE25ZLBLELRS. TOREE, BE
DIEOENAERICLZY, RDBFEICL->T
X, FRIZRD B2 LT ORAIREICR S, Licdio
THROIBEELRD 2 HkL, Thicsd 25
EEORE, WRICX OMEBEELOKESE >
TR WR/NOFIRDOKE ST o T OREF AL
EHTdhb.

4R, bhbhix, —FEIFERENHLEEZ BN
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B EERBE S & OCRALCKER AR T ZERTHR
JRBEICABE U7, 12 1 PR 28 4% ifi R BB (— 7P <
557 138, = ofiofigE255], X UIEHR 4
plchs.

Im. x pr iy

1) F—20%8
133Xe 3~5mCi/l Oz Z Ete Ny v b, AL
T, BREMY» O L2MTEME TIRPERSE, &
10~15 P Bk Dk, ZRERAWTERHRE
TTI05HEOENHL 21T - 7. FHlIZEE» 6
TAAZ*ERWTITY, AHEELE EDR 4200
HD** |z 256 X256 £7213 128x 128 =+ Y v 7 R
CHEILLY R E—FTCTF—2 2 4EHK L.
2) F—ADBELIFOALEEDRE
ST - FONBLBNEa  Ea—F v 2T
LHEEEL BN T T .
B2 E ELEOEREREL TS
Vv JRef 1 B oReR - HorREf AR 2 ERR L, %
WH LR R & EREICKY, RICHEGRE V7
VU SR 1B D6dx64= LY v 7 2D 7 L— A
F—2, y 7Y L SR S FD64x64, 32x32,
BIUI6X16w Y v 7 2D 7 v —AF—FITE
L. HBEROBREICHE->TIE, EHHLE
BRI D b IR HMRR L 2 €5 LELT,
130 #1% % T 120 o E LG < FHE iz Y
T2 FEROBI L LS E R F 3 5 FEik 2 i
2E0BLGEIRE Lik.
3) BIOBBOEHEE
BROTBER, T LBIA1080 0 & % f8HT
R & LT, RiTrT X572 3EEOIEELRD
7= (Fig. 1).
a) W LT 19%Xe 2350% v s h
DR TI12R
b) ¥EWH LHI#RT 10~85 fp4%, F7/13 10~
*: RC-IC-1205; Hitachi Medical Corporation, To-
kyo, Japan
**: Hitachi EDR-4200 HD; Hitachi Medical Cor-
poration, Tokyo, Japan

***: Hitachi HITAC 10II/A; Hitachi Medical Cor-
poration, Tokyo, Japan

22 % 7 5 (1985)

130 % % T & —RiEEEE I Tl L TRD
TR 0 T 1/2exp
C) EWH LT 10~85Fb[] = 7213 10~130
BEORH T b (A) &, 1050 (2) L858
%E 73 1BOBBOFIE S BEOFEE v v
F(d) DETCRLTRDIIEE: Tan
Ta,u=A/(a—d)
4) L&k TOIIRENCER
e EBEOERELT, = ) v 7 2H A X
64x64, yo 7Y v SRR 1 BTELAENH
LM MMZ2 < v 22 LER LR L,
Z oM EE i r EOFEKE LTHE LR
M - O AR O M & —B L, BevH L ihigRic
Hbh 3 133Xe ORFED FHIN L LR, K8
BLUOEIBAICEE TS 383Xe 0FRAICLD L

2
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Fig. 1 Procedure for estimating ventilation indexes.

T 1/2 R: real half time.

T 1/2 exp: halftime estimated from exponential

curve fitting.

Ta, H: A/(a—d).

a: Mean of activity of 133Xe between 5 and
15 seconds after washout.

b: Activity of 133Xe 10 seconds after washout.

c: Activity of 133Xe at 10 seconds estimated
from exponential curve-fitting between 10
and 75 or between 10 and 130 seconds
after washout.

d: Mean of activity of 133Xe between 70 and
80 or between 125 and 135 seconds after
washout.

A: Area under washout curve obtained by in-
tegrating the count-rates between 10 and
85 or between 10 and 130 seconds.
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EXPONENTIAL
CURVE FITTING
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(b)

Fig. 2 133Xe clearance curves in the overall lungs and their exponential curve fittings.
(a) Case 1. 31 y.o. healthy male without history of lung disease. VC; 4,700 m/,

FEV1.0%; 83%.

(b) Case 2. 63 y.o. male with chronic obstructive lung disease. VC; 2,530 m/,

FEV1.0%; 37.3%.

Bbhl. 2hox, vy 7YV v Bz 1§
T2L, FEEA:3:D) Y oLEThiIFAE
TI2RZR® 52 LXRAETH o7, L L,
P U IRME SBictTs L, Rkl T
L TI2RE2RDBZLMBARETH o7, Lh b,
ZHLTRDRETI2ZRIZ, v 7Y v 71
HCFELd ) 0fMTRkw2 T12R LFE—T,
EZODBHEL I ~28LESTH o, LR
2T, i&EiconTid, 7y v SRS #
THIEAL 7 Lo TEiv Uik & 38561
MEERL, SEEZRD .

5) RBFriHtEE TOREOEH
RFEIRIC o W T, HESMICRELLE X
2.5 cm o B30 §H IR DR - B REHEAR TIPS
DRSREN TEEE D 1/3~1/4 23z Lirb,
MERIC & BRREER O BRI lom PLE &2
bh, 133Xe O =X NF— LEHHEIYV R F L DOLME
BEEEZELT, #hA¥h 12x12,25X25mm |z
FWT 316X 16 721332x32= + U v 7 22438

LicfifE et e T35 2 Lic L. £IHSIRT,
F 7Y v S S B THIRILD Y O THN
HUBBEERLTTI2R L T1/2exp 23R,
FEfb Lo&ET TAH 2R, b, =
NOOBBEERACTHETEME~ Y v 7 20K
EESOREBRRE L.

6) FheFTHEE LI-iBiE L EEL ORE
BB, ededse LTHETKEZ 120 %
e LTkoi-fgiEL, —f=, MMEF, Vs, Vas
L ORBRRE & ORARERATL, FREEM O LBEIT

-7z,

IvV. # 2

1) EeATOREICHT IBRTEBMOE
2kt LTHLh e LigiE,
TR E VAT & IBEORERl S hie s, &
WXRZIERT 21250 T, ¥EVH Lh# LR
BRI R E < BT 52X Sz i o7 (Fig. 2 a, b),
ZOfER, T1/2R L T1/2exp o HHEEREIE,
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Y=1.01X-21.3
r=087 (p<0.001)

0 10 20 30 40 50 60 70 80 980 100
Ti26xP (second)

(a)

22 % 7 5 (1985)

( second )

Ti2R

Y=0.73X-9.2
r=0.96 (p<0.01)

0 10 20 30 40 50 60 70 80 90 100 10
TaH (second )

(b)

Fig. 3 Comparison between overall T 1/2 R and (a) T 1/2 exp and (b) TA,H, respectively.

PR RATSFTix r=0.97 & BIFCTh 7225,
FRMTEEI A 120 FPRE T r=0.87 L AMic/ &<
7z o 7= (Fig. 3 a, Fig. 6). —J5, TAH I3fZHT X
DR 5177, TI2R Lot BEFT, r=
0.96 L i31¥—%E Tdh - /= (Fig. 3 b, Fig. 6).

2) B TOREICHTHII ) v IR

DKRE S LBTEFEORE

E# B X OiRED BIF 2 F <1, 16x16= b
Yy 7 REHEIT B L, ZELMEF T TI12R 3
K b, 2xN2= Y vy 2zHETH L,
HTWH LR oMM D 72 bic, —EOSIRTL
»TI12R BRp ohish -7 (Fig. 4 a,b). L
2L, BHERAEMREESI T, 32X320%1 5
¥, 16x16= Y v 7 RIZHBEILTH, EWHL
PDENBFER T TIZR RSz b o7z
(Fig. 4 ¢, d).

16x16= t Y v 7 2 IZHHE LI /T figER Tk
Wiz T12R & T1/2exp ORI, ARHTRKEAS
75 % ¢ 13 r = 0.80, 120 £ [ < i r = 0.71 (Fig.
5a) oEEN L b, iedEdsie LS
LBt 3L, BITRMERIERET 3o THE
OFEHSEL &35 A CRFEKROEMZ R LI,
WFh o KR8V T b FHEE 2 - 7z (Fig. 6).
T1/2R L TAH ORI BT R R TS Tid r=
0.82, 120 #bfEl <t r=0.92 (Fig. 5 b) DA A
i, ief2us LEBELER->T, @
ZoBRICBBIIREOEERA LN, BITKE
REETACoOWhTHEARIL A3HERERLE.
LaL, fifkexst L4 0 3EERE

Note. WTFhoORKEizEWTS, TAHZ TI1/2
exp XV T12R & BEFARMHABELRLTNWE
(Fig. 6).

3) HEEFETOBRITOIIELHHEEDORFR
AT & SE v H LBRRI0BDE 22 5 130 T
D 1208 L LTRwd 7 T 1/2R, T 1/2 exp, TAH
LITHRERERROBRE A2 D L, WTFhoEE
1, —Fp%, MMF, Vso, Vo5 L 0 il Ic HE A D
HHEZ D . —PRL oME» R XL, —F
Rz, T12R Loficr=—0.74,T1/2exp £ D
iz r=—0.82, TAH & Dfjic r=—081 0FE
AR LN, BOEOOMHEEREOMIC
BEBEENEZmh-o7- (Fig. 7Ta, b, c).
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BEEY 5135, LihioT, BITHESHERD S
nHF, ThbionWT bHAickatT 2 BER
b5,

1) F—20EBLBEEAREIZONT

bhbhix, 7—% OfRERRE, FEki o
EATHTI O OB LRIt 2wz, BARE
HETEB128X 128 7213256 X256< b Y v 7 A D
Yz bE—KCF—& 2EHLE.

WRAER S R L o R R T 2 I >\ T
X, v 7Y v SRR IB TR LERL, Y7
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2 80 2 sof

§ 70 g‘; 70F

~ 60 ~ 60}

- 50 « 50

= 40 % = 40 ...
30 ; . Y=0.70X-2.1 30 S Y=0.65X-0.2
20 ’.' . r=0.71 20 e r=0.91
10 we (?,:20430” 10} (Fr’:gg"?
0 10 20 30 40 50 60 70 80 80100 10 120 0 10 20 30 40 50 60 70 80 90 100 110 120

Ti26xP (second) TAH (second)
(@) ()

Fig. 5 Comparison between regional T 1/2 R and (a) T 1/2 exp and (b) TA,H, respectively.
O : subjects without chronic obstructive airway disease.
@ : subjects with chronic obstructive airway disease.

ol o~ . b, HEHEBE DL T BENT, MBS LV
5% T Rl 5T, ¥2 7Y v /R S B s
€ 0.0 /< LEBELEHEANT LI WL Ebh 5.

3 0.85 2) Rys95%9 Fiz21T

__S_ 0.80 ﬁ 133Xe 13, Anderson H¥ 2k o TiR&Nn2 X D
s i, PETIEHBEVMBCHEREL, S bIRBHRD
g 0.75 \ Hgﬂﬁ*ﬂﬁ‘: ‘Mﬁﬁ'd‘ 379, ?Hﬁ'l L7z 133Xe Dk

070 ° SHEIC G, TS OMLERE A7 L 7 193Ke o okt

0.65 BEbEEh 3. Susskind 59 ZHA L7z Xe Dk

0.60 P2 B DT KEIRRIE S > DIREBIOTIL L TR

1:’# b&h, HBLRWEEBEAHOBRIZL S D

60 70 80 90 100 110 120 ELTW3. 5 o0RKBICERT 2 KL H

Interval of Analysis (second) M E 570w, LS OB L7z 99Xe 13

Fig. 6 Effect of interval of analysis on correlation co- Ryrr75uy FELTHUEERS., Ry 5

Z?:al;:rtesdb»evtivtv; eTn IV/?;)U * clearance Indexes as v v FORIEEICI, Alderson 57 DL ©

@®: T 1/2exp in the overall lung. BERDE Ny 2 VT K+ 558, Secker-

A: TAH in the overall lung. Walker &8 o 4k o SRk I 1 b 7 BELLEIR O Ht

O: T 1/2 exp in the regional lung.
A: TA,H in the regional lung.

xRNy s 5wy K345k vander Mark
YDy r STy RE ZRiRTERIT 55
Vv IR LB TERELY, ¥ 7Y v SRH HBid 5 BEBET 2. —ERFRTECH LIE TR,
SEHCERLE Lo &M CRE LAEZMX FEVWH LB S B IO 10 BBV T, hERE
FhZhOBRAE, WThb, ETRD DEOBHEEBHTER ol TOZ LT, B
T12R, T1/2exp OfiIciz K& AENEL, v B OBFRRR T IC YRR LT 133Xe OUFRER & b
7Y v SRR & Figfkid, T1/2R & T1/2expic DThhnwZ tERTEEbhS. £, B4
BHTVEErExBWLEDbh 5. TAH XV EMEAP TRV L AR ICEBET 258 T
VY SRR B Eh R WEETH BT L b, BEWH LBASR105 % o iU RE iR AR Bk
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100 100 100
90 % Y=-110X *115 sot Y=-0.75X+98.8
80 Y=-0.88X+85.3 80 ® r=0.82 (p <0.001) 80 r=0.81(p <0.001)
70 r=0.74 ( p<0.001) 70 70
* 60 " 60 - 60
S > s
s 50 z 50 s 50
w w w
40 L 40
3o} 30 30
20 20 20}
10} 10 10
0 1020 30 40 50 60 70 80 0 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Ti2R (second ) Tuzexp (second) Tan (second)
(a) (b) (©)

Fig. 7 Comparisons between FEV1.0% and overall (a) T1/2R, (b) T1/2
exp, and (c) TA,H, respectively. Each index shows good correlationship

with FEV1.0%.

DELTWBEOKNED 2~3% Tholz. =
DfEiE, T12R L T12exp OEICITIZE AL
WrEzhkw, TAHIZOWT I}, Nu2 50
v FOERBARED 3% L LcHE, EHEh
B, W20 Tix 15%GI3 ), 50~60FTix
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BhhhnweEx, Ry r s FORBERTD
Bhojz.

3 FAEERMIZDONT
bhvbhid, v LRI H% 2 b & ik
KL Bl UTHEIT L2, 184 et Bl <
2, EMEEMTOELD L ORRBRR LA E
TIZREEZEL, 10% T ERLFL LR
KeéFwzxiznnrb Lhkwv., 2088, Y
H Lolic iz ek o fREBICH v, 133XKe D gEn
HUREE->T, BIENELX ORI KRBT
MRS, LaL, —EMEREVH LT,
R OE WL Tid 133Xe IR ARE R DR L, B
WH LA, o 135Xe 0 AR OL UV EIK

B S hie FEGEIC B B EIBE O 198Xe BF
JAShS., Thi, vHLEZBESEER
LLTHERATZ0T, BEROREIHIEER
MEREh3zLichs. ZORZ2WTIE, 4%,
BHBED L OEVWH L ZTo TR 2 54
EXdH3. bhbhoHW#ET"w /'35 A TR,
B LICBITRE 2 EETE R vwie, Kz
EELCiEE2EH L. L L, Maclntyre 52
HIPEVH L 0 BAR D 60 Jo S HRECELIFIRE T H B &
~, Bunow »1033 eMuF{Pliie A/H iz X
DIREORE L T KM OB >V TRELT
W3R, FBIFXEOREIC W TIER+2 R s
REhTwiwv., ZoAIEL T, Bunow 510
AWRLTWB X HIZ, RODBIIBEIC L > TiEHE
ORI EE 5 DT, RElic, LOREIH
SEFOFMEICHEY THI L ORMVILETHS.
4 BEOHIBEILNIVIRADKES
BROERL LTHELVEAVLh3 boil,
A L7z 133Xe 2350 ogev Y & h 5 e (T 1/2R)
Td 5. 13%e R, FFRICE Y —EORE THEN
HEh 3 L+ hiE, e LB t R OMEE
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tFkbshaznd, —fRicix, HRAILLED
H U AR 2 BRI L T 2 &3k, Th#
FAWTTI1/2 2 RkRDTW5.

F 7z, Stewart-Hamilton o3z & v,

1/z=S:ca)duco

DORFER» 2 = & », Secker-Walker 59 DXk
+ % height over area (A/H) &2 AW TH, 4B X
CTI2 ko bhsd. ZoFER, #HECET
ZREH DL, HAEHOREL STl e s
hTws. 4, bhbhii, FHEERES & DN
HL T3, —EFFRECH LAV TRE
EfTolcicd, ZOFEERWSZ ENTERMN
o7, BT T, W LRSS —RIREERICE
PeEhild, £FROKMIZRNT

1u={:cu)m/«nn—caﬂ)

ORBRMET B L2 b, ZoREAWT A/H
WCHELIL 723888 TaAH 2R 7.

L L, Fig. 2,Fig. 4 iz;r&h 3 & 5 i, fii
24k L RFTICE T 3TV H U i#R & 38EorElih
M VEEEL TR Y, TOEIKALHICX
3bnlizExzohizw. Lieh-T, TAH X
BRIz X o TR 72 T1/2exp L B iz o7ci5
BELah+RETHY, TBOHLUHERL LR
BEMEKOBEL LTHEYU TH 3 1B 0RE
RYUELRB, LaL, ZoRICEALTIE, HAE
NHHFE TR Wiz van der Mark®, Bunow!®,
Alpert!D & REHREED b D W H LIRE T
BLTWBHAMCE D E VT TV, bh
bhid, TV U SERC T12R 23Rk
shhif, ThBRECRETHD LEXLR,
Z ofgER, BRIy 7Y S
B ) ORI D LI, KHEEID
BEYZIRTVWRANDS. £IT, bhbh
FEEVH Lli#E —AFomEtL 23 5 T1/2R
FRwED, Fig. dizcardbh 3 & Hig, 16x16
< Y v 7 2ARHEILT, | oOfifROKE S
% 2.5x25cem L LI BAETE 2, BHEFAEMM
HEH TRICBROEVWEIRTIE T12R 2R

22 &7 5 (1985)

bhirhole. Zhid, TI2R 2E#EOKEL L
THIREM O k%17 5 HEicid 2.5%x2.5em L
EoXREsOffifIREFLTOLERHY, T
12R i3, @HEPAZEMMR A F TR0 TEE D
il - BERIOERICIBE S 2V L i2RT LB
bhz, TI2RzZISKMT2IEZFZ2TI2R
bV 5 B¥ELELZT, T12R & T1/2exp,
TaH OBRERET LR, TAHIZ T12R &,
ffied ik T12exp LiZiERE» 72Xz hEL
LoREFEEE»D Y, RBFMICEWTS, BT
Rtk - TEBERZ 0D, WFhoRKRIC
BWTH T12exp X9 b BEFRFHBEZRLTY
7= (Figs. 3, 5, 6). Bunow 510 1 133Xe % Wk A%
ICEBRREED S DTV L 21To T, RAHILEE
WH Lo B - Bt e AR v i g, —
WIREGE BlE: A/H 124y, AH B3 fETIX
B#IERT I oh THEHENRDEL 2D EBRT
BY, bhbhoBRZIZ0EL 2T LD
LEPbRS. b, 64X64< LY v 7 RITHHEF
¥HEIL, FHEHRIER D 133Xe ORUNEEER 3 1 v
vh/=mr Vv rR/BLLEEYa2aIv—Vvay
DR S, AHEIZX o TRD I cle=1/2)
10~100 FH D FEFRIC B 2856, FHRREE 25~50
IV LB 2 300 Ll Eic 3 RETHD L
LTW3. bhbhizEfEz16x16= 1Y v 7 2
AEILTWAID, Rty LEE10
g0 138Xe DLHHFHEIF20~T0h v b/ =
FY vz R FT, ZhIEERECRAELT
+5Th 3, bhbhOEITEE 75~120 #i3
EHEE BN DB, ZOHITHOVWTI, 4%
ShichREEME 2 BERHS. LrL, TR
EBrL0EVWHL TR, AHEXTCATVWS X
5z, —EREREVHLETL, bhbhobk
DX Sic A/H BBl FEIR X - THREEZRD
ZRETHBLEEZRS.

5) BEOEELFBERERRORBR
133Xe DIEALEVWH LI X K OFHE & itk
ERERREOBRICS VT ORER, BREOER
Iz oWT ORMBR+0nldd, £ BNk
5Td 5. Alderson 51?3, EHFTFIC=4FIL
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AMEORVWH L OBh ZHEMICE b X, &
NG TEX Ak e 2T TR T2L v
MEAGEERWT, — R L OMIC r=0.61 @
BERAOCHBEEZRED TW5B. F/, Secker-
Walker 59 i3 A/H Tk o = gL —HRP
MMF & o [ i r=—0.47 3 X 1% r=—0.70 #gf
ERDTVWS. bhbhBefiFaxdss LTR
w7z T12R, T12exp, TAHIZ—FRLEDL I W
FHEE (r=—0.74~—0.82) BZx b hiz. 133Xe DEk
WH LIREEHRKAT TfThh, —#®RL MMF 2
BEIMER T TiTbh 32 RETH Y, WHEICHEERS
bBnbENnoT, 33Xe DPEWHL 22 H5RD 72
BROEEIPRFIREOAESEEE R LI
2%, RFfioary 7547 v 2500 R+
ML EETILERDHS. L L, S0LI 5,
FEFMEROBRREE 2 T4 7 v ROEL
BIUOHENELEEEMICIBE TS 2REX
{, —fMICITbh 2 REM I EERERE L
XL THERKMERERFNE S22 {2, Lk
BoT, bhbhoHMELTWS, FFftio#k
K[EERMICHEL T, 2o fizBERE LT
KET 2 H BRI+ EER R DB LELS.
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Summary

Matrix Size and Ventilation Indexes for Generating Functional Images
by Single-breath Washout with Xenon Gas

Akio EBINA, Toyoharu Isawa, Takeo TESHIMA,
Tomio HirANO and Kiyoshi Konno

Department of Medicine, the Research Institute for Chest Diseases and Cancer,
Tohoku University, Sendai, Japan

In order to get a functional image of the lungs
for estimating regional ventilation, the 133Xe venti-
lation studies by a single breath washin and wash-
out with air were analyzed on 39 patients with
various chest diseases and 4 normal subjects. We
analyzed the washout curves on the whole and
regional lungs between 10 and 75 or between 10
and 130 sec after washout started. Three different
ventilation indexes were calculated; real half time
(T 1/2R), half time estimated from exponential
curve-fitting (1/2 T exp), and/or the area under the
washout curve divided by the difference in mean
count-rate between 10 and 75 or between 10 and
130 sec after washout started (TA,H). When a
single matrix was selected out of 32X 32 matrixes
as a region of interest in the lung, the washout
curve fluctuated so much that it was difficult to
get the regional T 1/2 R. In patients with good lung
function and/or in the normal subjects, T1/2R
could be estimated without difficulty even in a

lung region larger than or equal to the size of a
single matrix when the lungs were divided into
16 x 16 matrixes, but in patients with COPD it
could still hardly be estimated. In a single matrix
out of 16x 16 matrixes the correlation between
T 1/2R and TA,H become higher and the correla-
tion between T 1/2 R and T 1/2 exp was less good as
we made the interval of analysis longer. TA,H cor-
related better with T 1/2R than T 1/2 exp in any
interval of analysis. There was a statistically sig-
nificant correlation between FEVi 0% and each
of the three indexes calculated from overall lung
area (r=0.8). To make a functional image of re-
gional ventilation by 133Xe single breath washin
and washout procedure, it would be better to use
the following: a) interval of analysis between 10
and 130 sec after washout started; b) 16x16
matrix; and c¢) TA,H as a ventilation index.

Key words: 133Xe, Single breath washout, Ven-
tilation index, Matrix size, Functional image.
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