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BRORL - BYHET B0 Y — (77 27 R) 12k B
WA > F 757 4

HR BR*
ZNCE

FB& BR*

AR OTHE A W

EE EXHEIL SEMRBBEIN LEHRI, FI/IHPRCIBZBARRF v 21T BEE
2o 2FERMAE T, ERIEODOLEIED SEZHETHRASE S L, ML ®RT 85% cElik. &
WHHRBIEER D 72D IR A HIRIGE TOREMICO L W 235D, BMAKTONETIRIZLA Y FUEEOH
ErEohe. MR v 5L, BEZIZE LG LISHIELT, 77 % 2AOBRAMA ¥ v Vi
OEHBREIFERE TT L E2 LRz, BOBEEMESRTIZ, SHERAEA T, “hot spot” #HRT 5 =
E0bY, FIrRTARHRACEVEEL, T Y—LE LTOWEER L. 773 H2OBRADHIET
M L, K, R, mE, IR SICBes otz EL, 77 % F 2EREHKE, EBRFIRE
BOT, ERERICR- T, BAKICTRZEL, BRORH LUBOKMAHIbDOLEXLNS.

L RL&®IC

EET Y — VIRART 2 ¥ v i, PAZEMER
HKBODKIC, MR L MFKEROBE, PR
FlEHE = & IC SOBERIRM B R 72 & ORFFEIC O
AHLIGHEIRTVB D, ERBAWLRT & 2K
HMtEx ey — VARSI, KBILT, Y
MR TIAF - LBER*T 54— 28ES
b2, ERENDT e Y —LDOKE SRR
nH-T, FhdkoMHRY, Fb/hESvzay
—NREAKER, (2 FTHRBSh, BERBRK
T788 (IAEA) o EBEERBFEICA VSR Tn
% BARC (Bhabha Atomic Research Center) * 7
FTAF—TH 5. Zhick-ThEREND T v
J—nNTYh, EHYEER (mass median diameter,
Dm) %208 2 7 m >, {8 % {§ £ (geometric
standard deviation, ¢g) #: 1.7 T» %9. WwW¥hic

* ALK IR T AR
it :246 52 H
RERZM I 2H£8H 1 H
BIRIGERSG | BT HREX R 4-1 (B 980)
FALKF TR BRI SE TR
# R 8 K

LTYh, HBEMICKERTe Y — AV THBD,
TeY—LMRADEELE LTI, @O THER
TRASHTWED, F7x V23 HERO L S
R FRPBH T/ I VWO T, FERRLELED
(Breath-holding) ##&# 52 L I X » T, %hH
DRVWIIREE BN 5. MEEER L LT
b, 7TA7 IR DTPA bR EHBLTA VS
D Tt 7 £, 9mTechnetium pertechnetate (UL F
9MTcO4~ LK) 2D L ONBAVLNS. SREIER
IR T 2 BER D DT, ZORBRYUTIR
M T 5.

. MREAE

Table 1 iZR L2k 9, EX¥E 44, KHER
WEBBEIN L2 MR L. HRECIRE
ABRZOWTHEFICELFTHAL, XFCLI3RE
2B

77 XA AREEER (B 6L) NOREERIC
FEERT, FHEKNOImI ORFESIEVD 5P,
= DB D ERNIC K 740-925 MBq (20-25 mCi) »
NEFF I FAY (LT 9TcOq- L#ET 2) WK
PEBRREIETOL, TATY (AN BETT,
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Table 1 List of the patients studied

Number Name ID Age Sex Diagnosis Side effect
1 S.S. 9640 58.0 Male Pneumonia,tD.M. None
2 K.G. 9641 440 Male Sarcoidosis None
3 W.H. 9649 29.0 Male Bronchomalacia None
4 A.M. 9650 65.0 Male Bronchogenic CA None
5 S.S. 9651 82.0 Male Bronchogenic CA None
6 K.K. 9652 37.0 Male Hyalinizing granuloma None
7 T.C. 9653 81.0 Male Pulmonary TBC None
8 S.E. 9675 62.0 Female = Pneumonia None
9 LY. 9676 73.0 Male Bronchogenic CA None
10 Y.M. 9677 66.0 Female COPD None
11 E.S. 9694 68.0 Female = Bronchogenic CA None
12 T.Y. 9695 73.0 Female Bronchogenic CA None
13 K.T. 9696 52.0 Female  Lung abscess None
14 S.K. 9697 59.0 Male Bronchogenic CA None
15 MS. 9698 53.0 Male Bronchogenic CA None
16 C.T. 9699 64.0 Male Bronchogenic CA None
17 M.A. 9700 64.0 Male Bronchogenic CA None
18 U.T. 9701 66.0 Male Pulmonary Firosis None
19 0.C. 9715 64.0 Female Bronchogenic CA None
20 N.K. 9716 58.0 Female Metastatic CA None
21 H.M. 9717 69.0 Female Pulmonary TBC None
22 S.M. 9729 66.0 Male Bronchogenic CA None
23 S.F. 9730 64.0 Male Bronchogenic CA None
24 S.F. 9731 64.0 Male Bronchogenic CA None
25 S.K. 9745 64.0 Male Malignant lymphoma None
26 M.N. 9746 80.0 Male Bronchogenic CA None
27 K.S. 9747 78.0 Male Pneumonia None
28 H.T. 9793 26.0 Male RT Pneumothorax None
29 T.K. 9794 63.0 Male CHF, pneumoconiosis None
30 Y.K. 9806 56.0 Male Bronchogenic CA? None
31 S.I. 9807 57.0 Male TB, Bullous lung disease None
Mean 62.0
SD 13.2
SE 2.4

Number Name ID Age Sex Diagnosis Side effect
1 AY. 9654 29.0 Male Normal None
2 T.T. 9665 46.0 Male Normal None
3 M.M. 9666 27.0 Male Normal None
4 I.T. 9633 53.0 Male Normal None
Mean 38.8
SD 11.1

SE 5.5
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TDL2ER 2,500°C BB ICIE T 5 &, T
g RH R BEEESND.

BAEEK, BT 7 28 A2 BRAT S ERE
121, 12 U o4& E (Residual Volume, RV) 725
K500m/gE A S#T, b Liz2ftisE (Total
Lung Capacity, TLC) ¥ T, ZE&M K% 4 TE
1kw, 3EILHFERETHbE, 2S5 THY
RV 72 5#1700-1,000m/ 5 7 x H 2R 2 |A S &
»Lix TLC £ THERME, Hikw, 3 [BEIZHT
WA TFbE, B RV 2 5#1,500ml 0 7 7 %
H 2k ASHizd Lix TLC £ THEKMK, B
1E», “ANBoO#HEREH» S, RV 25 TLC £
TF I A HABRASHE, BikbobLzhZth
3[R A T b TR E IR L. 77
F A ADWAS BR G APLTIT R -T2 BARK,
fifiN i 37-55.5 MBq (1-1.5 mCi) O HEED Ik %
ARy, El, Sl Ak L OEMNEO 475
PHEBGBL, arra—2ICEBHFERE L. &6
70 ANIC, IEH, HEoRGE 1-2 ERE
L, &6 24mMigicihs X O, &L HK
Lzs

ERM LMD 72 D0 B E ED Do,
HBoN M AEEZOER GRS & OHRRORKK
BHED 209, OENLICHRE O X, ZoO#E, » D
IChliodw L Uiz, Bk, Hmike bic, &
TN O HERERZ R 7. vE-SEH LR
PR 72 BRI b [ Uil 762 A L <, W7D
WO SR & 3R o, VBHIRIE % i L 7. 24 R
#gicBohzEGRC bR CHoRDBEZEHAL, &
PBNOHIHEEEZ RO, KFA N 5590 K
EROHDIC, fth BB FOEEOREEE
EDRSRER R, B~ b)Y v 7 2572V DK
HEZROTRTFAANAy I S50 FELk. B
e hY) v 2 RBIZYVDRFTARy 2 55y K
EOWANOLE- Y v 7 2R L THLR
e R, MNOBBHEIIRLT, Xy bo
FiNERBUHREL L. X v b ORiNBEHERE
IR IE 2 N2 C, 24 R RIAE o FiiPS 7 B kit
L L.

fifiN 2 (Lung Retention Ratio, LRR) # 3k

»5lwic, BAEBE®RDELMRINOBHRET,
ERER 7 EA R AN B th EhBRL TH
ARTROFEHE LY, LRR & L. 24RH%
DORNEER Y fifaitE R (Alveolar Deposition
Ratio, ALDR) & L 7. #EHIOMNEER Db,
FfELE R 2B L 72 fE & [ELE R (Airway
Deposition Ratio, ADR) & L7267, Jfi o IE ik
DPHRDILINLDELEEER»LROEED
BliciE, MR ERERE»-Z0T, FO
I T T, HEE»OROIET, Ly,
EAROAFEICHK—T 5.

Pl X Bk, MMz %+, B &
O SRERE 2 1T\, & & ICRE DR I
A, U, R, MPPRER, MmE, Rz
HE L.

5T, Yy bR T IAF-2HE (%
H #Fih, Ultra Vent (Dm=1.04 um, og=1.71) &
BARC (Dm=0.84 um, 6g=1.73)), HMEHEx7 7
A4 ¥ — 1 g #E (Mistogen EN 142 Dm=1.93 um,
og=152) L F s xH 2Dz r Y — VAR A F
r RO BRI T e b,

. # £
1) WABRYE (LRR), FHL#&EE (ADR), &
& U fiBRsL& % (ALDR)

EwE, BERL L, WAHE?S 105ET
95% LA Lo BiNBEE®RE R L. %72, Ml
FRi, EHH T 86.6:40.7% (PfH + FHEME),
BEMTIE, 84.7+L1.6% Th ole. [HNEER,
RIS & b ICTEHE L BERC IR

Table 2 Lung retention ratio (LRR) and airway
deposition ratio (ADR)

Time (min) N= LRR (%) ADR (%)
01-10 35 100 12.5+1.6
11-20 4 100 13.5+0.7
21-30 12 98.14+0.6 13.2+3.7
31-40 16 96.7+0.6 10.44-2.4
41-50 11 97.240.6 9.542.3
51-60 8 96.5+1.5 9.9+3.1
61-70 8 96.7+0.9 11.846.2
24 hrs 31

849+1.4 0
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BEENL M7=, Table2 i3, EWHLBHE
Hr—3 Lo LTHNERERELRT. o
I, BEK* T 74 —THK L7 Dm 5 1.9
um,eg BN 1Sz y— A2 EHRACKA S+
el Eo, MNBEEEO ISYEBERAO L6
R5E, T FHAOMNEERIE DD THERW
&R LI, &6 4BMBOMNE R E,
nbbifEkERITT 7 % H 2 T849+1.47% &
WEWK * 774 F— AR L Dm 2 1.9 um,
g 15T Y —LEERACKRASERLL &
ORI ER 39.241.6% i #~, WO TEMHET
botz. —Fh, F73H20OKELFHFRE Table
2 0RT & D KD TKH o Tz,

2) MmAMRAF» - LOHE

Figure la (2%, IEH HDF 7 % H AW AN =
¥y %, Fig. Ib iz, JififBE oM X #
B sEERARR, Fig lcicidf—Ao 72
FH ABAR A ¥ v > & PR * ¥ > E2RT
FIEXHADORARIA X ¥ L&, MR F v
Extlet L, BLALCRBBTERVIEEHEM
L-EgR2EH ST,

Normal Subjects

27 % 11 5 (1990)

3) B EOLB

STz e Y — LA 2 ¥ v &
Lolwicix, Fig.2 X Hic, RIfTEA/hIV
\F E R < FREFIC TS T A i s e, ¥
b BIiRE~OBEN L o7,

49 REBZTOMOEH
CZICRER LA o0, ARERIRICKT
% Mg LR, mE, BRR, R mE,
fRaz Lo, BT _EEHr AT LrT
ot

Iv. # k-

Hito, ETEMEEC X oBETE, T2 1A
A2DBLTZ TR D b DO TIEF 200 nm FEEDH D,
K ORTE, Zh X ViELIT/AE . PR
T4 S0 nmID R 150 nm FiEY L+ 5 @b
b, TORERKML Th, T7IHAEH R
LLToMELEz ey — L LToOME S Y £
Y Ths. EmOMBRKERIELSHEEWEED,
KBRS T LR (“hotspot™) ZIRT D
BELLTOWEDH DN LERLZLNTEL
ITH%.

ANTERIOR POSTERIOR

30y.0.M

53y.0.M

RT. LAT B

Fig. 1a Technegas inhalation lung images of normal subjects. The upper: 30 year-old
man, nonsmoker. The lower: 53 year-old man, ex-smoker,
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- | I! Bronchogenic CA.

FVC 1,877 ml (76.3%)

FEV1.0% 76.3%

RV/TLC 35.0%

V25 0.49 1/sec
TY.73yo F

Fig. 1b Chest x-rays and lung function data of a 73 year-old female patient with bron-
chogenic carcinoma. Nonsmoker. Note an abnormal density at the right lateral

lung field with right hilar adenopathy.

Techne GAS

Perfusion

ANTERIOR

POSTERIOR

c

LT. LAT

RT. LAT

TeX. {3k

Fig. 1c The upper: Technegas inhalation lung images. The lower: Perfusion lung
images. Both inhalation and perfusion lung images indicate markedly decreased
radioactivity in the right leteral lung field and a decreased radioactivity to a
lesser degree in the right apex, and in the left upper lung field posteriorly.

Bl E R LBV KBERERO D 22, K
AN LR E CORMN L CREBEICESEWD
X, EEMCIERNLRIATHS (Fig. 3). —k
KEBANDHEBRELT 7 F W2 ERASET, Zh
MO EBRERBLTL, HEAEBHIO R OR
SMEHRE R BRI IE, ROMHNBEIEBE TE LRI

EKahbThsd. IEL, 7738 R e KERK
BERMEROBRBICHVWEY L+ 5 L, [ELE
BHECDOTAEYTH 5.
BLFRPPENZ Enn, MADOKFEL LTI,
SEAWEE I, BIE» %75 HESEL L X
) Thb. BEDIZ e L LOKEEDT
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ANTERIOR

MISTOGEN

TECHNEGAS

37 % 11 % (1990)

POSTERIOR

1

29M Sv(wésr—dames syndrome ?

cia )
%VC 64.0%
EEV A0 1151

FEV1.0% 52.1%
RV/TLC 37.2%

Fig. 2 Anterior and posterior radioaerosol inhalation lung images using Mistogen
(Dm=1.93 um, gg=1.52), BARC (Dm=0.84 um, gg=1.73) and Technegas
(max 200 nm) of a 29 year old man with Bronchomalacia. Swyer-James syndrome
was also suspected of in this patient. The smaller the size of inhaled aerosol
particles, to the more periphery of the lungs penetrate the inhaled particles.

Immediate

35Min

T.C. 82y.o.M

Fig. 3 Technegas inhalation lung images of an 82 year-old man taken immediately,
35 min and 55 min after inhalation of Technegas. In each image about 250 kilo-
counts were collected in preset time mode.

n Y — LA, RHBRKTHRSE S5,

DF 7 FH AOBRESFEIEDDBENEEL LS.

FHLrng, HondBALLET 7 XA HZADOK
HABMHEAEZ»HTHS. Blkd T LI
X oT, 77 xH RIMEAEE &L ARMET, &
# (diffusion) iIC X > THET D LEZHNS.
TOBBITITETVEY, RALDS. 7
7 3 H AFT AT UREET TR HMICERICEL

T, 9MTcO4~ 2 ME L REBELAESHETES
B0, 77 3xHAMELNERICITERED
RETH D, ZOEBHKEOT 7+ 2 2 FIE
(Residual Volume) fif »: & £ fiti & & (Total Lung
Capacity) L £ T, wo< WL bw7 2t —=2
mHobLhrsEeiclo LICKRIBTRASES &,
RA w oy MFRBRET, WHBREICK o RIEFET,
DEVWEHEIREFALIELD oo, EEFEFET 2
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WAL D bDEEXLNTDOT, LT,
FTRTCZZCERK L -BAFEEZREA L.
Zo¥EBOME L, BASKEFENETER
BAY ZH, BEFESEMT MM ->T
5 b, REBNOBRRE (%) 13, F=02Xx
(1—e V) x 100 DRUHED. ZZTVIRALN
ZDOWETH S, Lizd-T, Flic, 1l oH=R
R L &+, RBENBRREG 3.07% L
0, ROMETEZOMBERED»SRADIRE
2bFTHD. 77 IHAERERTE, £,
RV »64#500ml 72177 7 % 47 2 & | A & &,
HLik TLC $ TEKXEJRAIET, S-10HHE
IEpE S, ST TEHBRTRE 3EISET, F
W RV 0, SEIH I 773722 RASE
Tt, TLC $TEREBZASIET, By, %
HmR, 3EDE RVALKISI STy 20 2%
A S#HT TLC £ TOBEY * ZLEMHR S & T,
L 2RIBICHET 2RAFEE L OS5, —AB”
5ix, RV 26 TLC £ T7 7 % R EERK &
#, Bk, THBK LS <CHAEEZ 3IELY
MAT. KFEDDEN O HH EE » 740-925 MBq
(20-25mCi) bhi¥, —F, 773 VA AR &
+TLEXE, 34ANCRARIEETHSZ. ZDX
IICIRAFHEEREICL > TE2 DD HHET
HHH, HREBEDOT 7 30 2 X IPFREEHDS H 5
BECHVWLIHARGERT O ZLLEx B,
BEZETL. BAROMBEEL TG X X
IR MES A, bosTEL L
WHRIC I B LR E R .

V. # =

77 A A AR EBPEBD TS VWO T, FER
B EMBRMET, ERIDOLEIED &
tHETRAS & 5 &, FBLERT 5% Ic
ET5. ZOBWHBEERDIZD, BA»HH
B coRFHlicEfN s, REMicbiky,
FEEALRILEBOEBAELNS. T2 XH R
DRAJTA ¥ v LRI OB BRI FIRE R+ L
ZExoh, BRKRMICHNOBRII L M5 HET
BOBFEELAD. 773 HREH RV E

Be, =uy— e LTOWEBETT. 7714
2 DWW A DRI TMARAELS, KM, R, ME,
IR¥E7E L OB, 2L, ERERDOF 7
FHARBFELEEZTERLVDOT, EBRFEL WV LIEER
FHARAC L BEEL BT B D ICIAERER
KBR-T, MABIKTIREZESTS. Z0EKTI
BERORE LREBORMYE H 5.
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Summary

Radioaerosol Inhalation Lung Imaging using Technegas

Toyoharu IsawaA, Takeo TESHIMA, Yoshiki ANAZAWA,
Makoto MikI and Masakichi MoTomiYA

Department of Medicine, The Research Institute for Chest Diseases and Cancer, Tohoku University

Technegas generator using 9°™Tc-pertechnetate
was tested on 4 normal subjects and 31 patients
with various chest diseases including bronchogenic
carcinoma, pneumonia, pulmonary tuberculosis,
sarcoidosis, and so on. Technegas was inhaled
from the RV to the TLC levels through the
mouth with the nose clipped followed by breath-
holding. Three deep breaths were enough to
deposit 37-55.5 MBq (1 to 1.5 mCi) of technegas
in the lungs. The average alveolar deposition ratio
(ALDR) was 859 and penetration of inhaled
technegas to the lung periphery was excellent.
“Hot spots” or excessive radioactive deposition
were also seen when there was airway obstruction.

The former indicated the characteristic as gas and
the latter, that as aerosol particles. Because of the
large ALDR’s the timing for imaging lungs after
inhalation of technegas was not critical. Inhala-
tion lung images most likely indicated the intra-
pulmonary sites of effective ventilation, because
respective inhalation and perfusion lung images
resembled each other very much. The disadvantage
of technegas was that it was anoxic right after
generation.

Key words: Alveolar deposition ratio, Inhala-
tion lung imaging, Perfusion lung imaging, Tech-
negas, 99mTc-pertechnetate.
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