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Evaluation of the Regional Lung Function Revealed in Radioaerosol
Scintigram of Chronic Obstructive Pulmonary Disease
I. The Comparison of Radicaerosol Scintigram with the Lung
Function Tests in Chronic Obstructive

Pulmonary Disease

Teruyasu Suzuki
Department of Radiology and Nuclear Medicine, Kyoto University School of Medicine
(Derector: Prof. Dr. K. Torizuka)

Research Code No.: 722
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particle deposition, Chronic obstructive pulmonary disease,
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We classified the findings of radioaerosol inhalation scintigrams of patients with various stages of
obstructive pulmonary disease (COPD) into 4 grades, according to the extent of peripheral irregularity
and central hot spot formation; Stage I represents normal homogenous distribution, stage IT represents
peripheral irregularity, stage III represents additional hot spot formation and stage IV represents
further regional defect. This aerosol grading criteria was then compared with routine and specific
lung function tests,

The aerosol grading criterion correlated well with FEV, %, which is a good indicator of the severity
of COPD. The central hot spot formation correlated well with FEV, 9% and respiratory resistance
(R.p.) determined by the oscillation method, both of which are good indicators of abnormality in
central airway resistance, Peripheral irregularity correlated well with: 1) fows at 509%VC and
25%VC in a maximum forced expiratory flow volume curve; 2) closing volume (CV/VC9%); 3)
AN,%/1 in N, single washout test; and 4) the regional delay of '**Xe washout process, all of which are
sensitive indicators of small airway disease, It is therefore reasonable to conclude that the radioaerosol

scintigram reveals the regional lung function both in terms of airway resistance (R) and compliance (C).
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This criterion was useful in quantitatively evaluating the regional ventilation distribution of COPD

and the therapeutic effect on bronchial asthma.

The mechanism of aerosol praticle deposition related to characteristic central hot spot formation

accompanied with peripheral irregularity in a radioaerosol scintigram of COPD, needs further ex-

ploration concerning the aerodynamic behavior of aerosol particles in the airways both during in-

spiration and expiration. It was estimated such radioaerosol deposition mechanism differed in case of

bronchial asthma when compared to COPD.
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Fig.1 The grading criteria of the radioaerosol
scintigraphic findings.
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FEFC >\ TE TN O 34 L L, Flow-volume
g X b V50 (50%VC), V25 (25%VC) #5iH!
L7z, N, Single washout Bhiis M4H © QD
FBEE% Bruit @JFE"MCRE S T AN & Lieds
Z DR I HEEI30% % B\ T F W AR 0 P4
fiLA Bl Uiz, FRT & o ghis o SIVEBST AL
[Eofiizshit - b Closing volume # 3R, JilifEE
(VC) kot CVIVC 2% -CRHil Lic'".

6) PERFE

W% E 1L thonchi, AT O BEE D ik D
RIS L, rhonchijtfr(—), a5 (faint)
(£, hFEE (medium) (+), #E (loud) (H)
oV TR L7,

3. & B

A. COPD DT

1) RSB - = v VAL L 0BG

a) —fbse (FVV,..%) & DEIR

FEV,., % L &5 E L BRI, £8E0 Fioll
23, I#Cik86.5:7.6%, IH#f TIi%85.7+8.9
%, NFETIR64.8+15.8%, IVEE T, 45.9+
14.4% L YEOBETECHIG LT, B © @A
ALl 5%, DREE N, RS IVER
BT AWPIEETH -7, (p<0.001) (Fig.
2-A)

b) FERAEHT & DRI

= n VAR ATED FFRIKT © EIHE 13, 1

Rp
FEVLO/FVC (crnH20/L/sec)
(°1s)
10017 = 100 -
§ E;... .  »4
LI N
) { * e b
50 - F 50 . FE
b BE
S S S S— - e—— et
1 0 mWv I o0 m v :
A Chgs B oo

Fig. 2 The relationship between the grading cri-
teria of the radioaerosol scintigram (Aercsol
grading) and both FEV, /FVC (%) (A) and
respiratory resistance by the oscillation method
(Rp) (B) in COPD.
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F£12.3.2540.78cmH,OfL/sec, 1 FE133.48+0.67
cmH,O/L/sec, I#fi% 4.89+1.41emH,0/L/sec,
IVE£137.26£1.86cmH,OfLjsec, & 48 DHEFTEE
Em AR Lic (Fig. 2-B). =05 %11
FELMBE, NBELIVEICH 2K HEETH -
7z (p<0.001).

¢ ) Flow-volume R & O EIH

V50, V25 &l % hZEhoRECOFMHELE,
I %, 33.184-1.43lfsec, 1.324-1.07Ifsec, T &E,
3.4941.47lfsec, 1.4840.77ljsec, J1EE31.48+
1.32lfsec, 0.53:+0.56lfsec, IVE: 11 0.694+0.53
Ifsec, 0.3440.29fsec A FEDOHEFTEE & 3k 1= I
D OMERET Lic., VE0IeoWTik TRE MR
D (p<0.01), MHEEIVEE © i (p<0.05) =
HEELTRD, FV5 T IREE RO D
RZERELXRDIN, IR & IR, I & IVE
DENC BT R s BB LS B lah - = (Fig.
3.
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Aerosol Aerosol
A Grading B} Grading

Fig.3 The relationship between the aerosol grad-
ing and V50 (50%VC), and that between the
aerosol grading and V25 (25%VC) in COPD.
d) N, single washout test X BJ{H
CVIVC (%) D&RDNHMEE, 1FH7.854
0.70%, L7 2 1.67315.97%, WEEH 21.93+
9.95%, VER 0% THY, ApHEo NBEZE i3
RO ETEECHIG LT o @\ % R L
(Fig. 4-B). D5 b 1M & NIFD %L FE T
HBHH (p<0.01), IFL WFOM Tk p<0.1
DEMET, AHEXRDL. RBIVEIIRDOWT



160—(56)

% N, single washout HifEo & IO AEI SR
©, FIVHEZEBITE D 57D T, closing vo-
lume (CV) %0 & L.

AN, %[l DEFEDFHHEL, IHAH0.68+£0.15
9% 11, MREH2.1641.03% 11, I3H36.6211.50
%1, IVEEMLL.7242.96% 11, & Y EOH#T &3t
i KEmE R (Fig. 4-A). \Ih b £5
i EEE%T Lic (I~ THEHE p<0.025, T~
I p<0.001, M~IVEER p<0.001).
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Fig.4 The relationthip between the aerosol grad-
ing and both 4N,%/! (A) and closing volume
CVIVE(%) (B).

2) MR L OB

I RO IR OWTE, 2Ll RE
ORERTDT, NFETIE, 2260 4 flefiEsic
rhonchi % FATNC, 3@Iich4E @ rhonchi %
R L (7/22), IVRETIE, &6l b
HOREE QR R D, 22604 34w #5F Tk
thonchi % [FFTRYwC, 8@z d rhonchi %
R, 2 GICBREED rhonchi %% & A L &fifi
BeiEh, XHe 9 RITREE ORI LR
= (Table 1).

3) el vt R & 0Btk

Bt VERAT R LR = v Y ALEOBRIL, IH
FERFTRTHY, EWNTHhotc. THTIRIS

AAREFRRESME H40%E H25

fBlep 8 fiilic. overinflation (OF) %5, + o f2
BT 110.281:£0.088% /R L, %7 pulmon-
ary hypertension (PH), arterial defiency (AD)%
£, increased markings (IM) 2%
430 5 PR T-. M C ik 2260k 1861 1w OF
D, ORI LT 0.484+10.282 ¢ B
b, Fi22frh 7l PH %, 94lic AD %3¢
», 7T IM #@bic. VETIRREE © i
Hi, 2@defiic OF %0, FOFRE ik
BHLT, 0.704+0.263ThH h, % lc22fF 1641k
PH iz, £flc AD ik IM opfREE
¥, AD (11260, IM 12 8BICH 7.

4) "mTc-MAA }» BUG

“mTc-MAA X BRfiMmIo AR 1%, 1H# T
1373 1.C0.083+0.2880E, I8 Tid FHL T
0.930+0.552[, MEETIEFH L T1,5004:0.512
BE, IVEETILEE LC2.82010.716/ & ¥ 0
1TEE L, MR MHEFEHHR LTV L fHH
Fwbhic (Fig. 5). Linl, FhFhBEba>
HHCIEERELAD Lo T,

Unevernness
of ™ Te-MAA
[ [ EURCRR E— T — -} -esnesstnss -
3 R T _ 3essssssse
14 eeeennnn..]. 3208808088 [ goononnnee [

[ 2L R R e

Aerosol
grading

Fig.5 The relationship between the aerosol grad-
ing and the uneveness of the perfusion distribu-
tion with **mTc-MAA. See text for an explana-
tion of criteria.

5) '¥Xe SEETEH LR T & OBIR

1¥9Xe PevH LRI, 0 E0AMETE Ldkic
ZTOEROERB B OB, Tiohb, &8
OFEIG#EIE, I FEH23.944.09ec, THEH25.24-
5.56sec, I #H326.44-8.05sec, IViEL44.84+12.8
sec Thb, IPEIHOMIK (p<0.025), &1
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Fig. 6 The relationship between the aerosol grad-
ing and mean washout time (%) (sec.).

OB EIVREE DR (p<0.001) FFEXER
it (Fig. 6).
FBWCHLS 2 —vo ki, IECRRER
g L 0B iud@Be T, THC, 1364 6 4
(46.222) VRPN FRIGES 2 5 DR D P HY
Lodghs, MHTEI3FH116 (84.6%) 1w
Fliins b 0%, XS IVEE TG4
b, RS 0FER R A D,

B. [EXWE

COPD [k [RIfRIilisaaE R o PAZEMZE L & AJig
ET B EE IR W TR OB 1T - 72
O COPD rRich, FoZHbiLn i
BH5. ek, KEEO=r LY VF VS ALE
I B THIEF SO HO I FrRT b 0xiED
T, I~VEcoE L., FolIEDo=r Ak
Agrfitk. COPD o IRRCH LRR A~ DO UH
T, toRMAELBETH . X, hot spot
JERGE COPD b= X b, KRS, ik, WX
WU T DRGEHRA~DMWE D HAL - 12 (Fig. 7).
1) filigrEtcts

a) —fER (FEV,, %) L OBF
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99MT._perosol

L-Lat

Fig.7 The scintigram of bronchial asthma in aer-
osol grading III stage. It shows the central
hot spot with slight peripheral irregularity.

R-Lat

FEV,, % & oBF, NTFOFSHE 1% 84.0+
10.896, W##373.0:£12.3%, IVH#1353.64:23.8
“ﬁﬁﬁﬁW&ﬁEM&@ﬁﬂﬁ?Lﬁﬁ
%“Aﬁﬁi RIS IR B EE R S ed 5

7z (Fig. 8-1\)‘

b)) FRRISHT & o BfR

W ISHT & A E OBIR 1, &8 © FiofE
VI BEA3.63+40.635ecmH,0O/Ljsec, 1A 4.0+
0.602cmH,O/L/sec, IVEE % 9.9+3.78cmH,O/L/
sec L ARNFADOHTE & oEmc s Lic
A5, MREE VR D 2 G b 1-(p=>0. 01)
(Fig. 3-B).

¢ ) Flow volume curve » DOBSE

V50, V25 & ALMIE O, AR FE
I DS 3.63+1.49/sec, 1.80+0.83/sec, MHEEHS
1.63+0.28I/sec, 0.7240.311/sec, IVHHI0.56+
0.39fsec, 0.3540.29fsec, &A4FEOHFT LIk
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Fig. 8 The relationship between the aerosol grad-
ing and both FEV, % (FEV, /FVC (%))(A),
and respiratory resistance (Rp) (B) in bronchial
asthma.

A ORI ET L, V50, V25 dtic, TREE T
BEoOMT (p>0.001) », MRELIVEE & 0 T
(p>0.05) oFFEELRDI (Fig. 9.

2) MR & OBAR

T BTk 6 FHR 1 611 i 7 rhonchi %, 1
Bl 48 & o> rhonchi % (2/16), IHETIL 8 fvh
3 Flve g 7 rhonchi %, 2 {Flic p EEEE o rhonchi
% (5/8), %7 IVEE T 56l 2 i ic hEEREE ©
rhonchi %, 3@y o rhonchi % (5/5), l#
L7z (Table 1). 7gds, NBET3H, VTS

Table 1

sound in COPD and bronchial asthma.

AAEEREREEME H408 B2 5
V50 V25
(I/sec,) (l/sec.
4.0 . 40
2.0 4 .
. 20 :
_._._._._.'_ 0L a NI N
I nm I I m v
Aerosol Aerosol
A Grading B Grading

Fig. 9 The relatonship between the aerosol grad-
ing and both V50 (A) and V25 (B) in bronc-
hial asthma.

B 5 Bl AR, "R O C rhonchi % iy
(5 el

3)  JEfFRy, TR & OBk

FelriED 3 PIDFER (L IR IC X T, 28] 0
IVEEE TRE~, 1o TR TR~ DB A 22
Shic. REFE Fig. 10 R 25, FEIER,
I RER AL L. FEV,,, 23 600ml, IEIRHEHT Rp A
15.0cmH,OfLfsec & EfE I PAZEMERE & 2 L,
SENEF CHREE > rhonchi ZE L, =r v v
F7 7 sk, VERICHST 2RI, AT R
A F#¢52 AR, RBIETEM L, rhonchi (i
Eich, FEV,, 23, 1,820ml, Rp 7% 3.5¢cmH,0/
Lfsec LJfisiEMAT I EV c®E Lichd, To=

The relationship between the aerosol grading and findings of respiratory

Findings of Respiratory Sound

! Aerosol : I s |
[ - | Rhonchi* Decrease of |
| Grading Number | : - Respiratory
! (+) +) (H) Sound |
[ | Group I 12 012 | oz [ oz | oz |
| copp I 43 0/43 | 0/43 0/43 0/43 |
i I 22 4/22 3/22 0/22 0/22 |
f ; Iv 22 3/22 8/22 2/22 o2 |
; Group | 0 — — — | — ‘
| ! ~ -
Asthma | 1 6 1/6 1/6 0/6 | 0/6 |
| ; I 8 3/8 2/3 0/8 0/8 i
l ! v 5 | o5 o/s | 35 o5 |

* Faint Rhonchi (4), medium Rhodchi (4) and loud Rhonchi ().
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Attack Remission

PA

Aerosol v
Grading
With In Predicted
Attacks Remission Values
Rhonchi* (++) {+) -
FVC(ml) 1,190 3,090 3,500
FEVl'olmll 600 1,820 2,840
FEVl_ 0/?‘-’(?(%] 50 59 -
R.p.(cmHZ()/L/seC} 15.0 3.5 -

Fig. 10 Aerosol images in attacks and remission
of bronchial asthma (A), and the function cha-
nges from attacks to asthma (A), and the lung
function changes from attacks to remission of
this disease. *Ronchi (4) indicate “‘loud’’ and
ronchi (4) “medium’.
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fo, FRRGEPCEER BRI FET S5 L, F
AL R R L, B |k rhonchi & o> Fl4
HEOREERE 02D T, TOWREIEHRYE
WIFREOR E L CHHALHBENTED. fE-
T, FEV,, %, Rp. RORIHE ORE o &5 L
=r VYASEOERORE, frcll, VEELICH
o HBIA R L7-30i%, hot spot R A IR ZE
ROWENFHIEERIL > 5D THHHFY
ARLTWA.
RMEGEREI A IEHE T Z LS, Fie,
FEfEEOBSII =2 v I 7 A (C) I X
> THALSh, RMKBEEH b 2KEEHRD30%
DNFThsr*0 T, FRMXERE X, N
vk ieks\Th, Fh, —EitseRik L o
BEDFHFERCR T sFHIEECH
52 LivL, TOREIC LD BE T hk
TR RF T, JAPEE Flow volume fhfR %
Ay D VE0Y V5% r v —o vV I FEY 2 — A
CV/VC (%), AN, %/1'" 7 & o 558k Ts Mk pet
Fio kb, o RI 2 LT, "Xe OFFTHE
WH LoRER & LTSI B Sh ™. #-
T, =w YALSHEERGO 1R L RS0
OARE—HF MO OE XL R T IH &0 M
=, V50, CV/VC (%), dN,%/l, *Xe o ik
WH LR OER DT, KN EEE
o Licdid, TEEORT RARIIARRERZ
£ 5 MR OBRAEFEHIET 20 TH LAY
MELTWA., ThbbHE2DEHZ LR
Y vF s A EOl - DERC RT3 ARG A S5
13, BEH L KMEEO A EESEC X 5
BEEMAIC D &S5 = r S ARTF ORBERAE~
OEBOBPHNERTH S EELbIB. 1@
MRS TR b h 5 IVEEO BT R ik, B

HARE 2R e R 51408 E 2%

b < MiHRBER T & B R R SR R OS] Y e
feze, I X AL 0N EDFRREE 2 HR
AWz, WL, OMAORERE R
DRELEFIE LT B,

L = AT, COPD |k THilY i 5 BlHES
(rhonchi) 1%, MEHIcE LS, Z OFFK LK
PR o SOERAZE IR I A2 C 5 o 5 I AN
LOWE EHLDTHLERFE B LTS,
ThbbAEBICE T, KA OIS
2T, Nliansm & v wik & IR DI T X » T
75%)) /. transpulmonary pressure 23 b 707
BT, FHHCRE VRSB A KT
EERTWBHD, ZoBlgusiiBERE -, i
Reticht FEV,  ZOKFE LTURERS.
L AM, WaDfTotee FAEBROBER T,
RRSERIC BT B R 2em D =wr VUL
HEBANNCE Lo 2R L, A E 2 R
LT BAPEBO hot spot JRE HH +5 2 LA
wEiC kicic s, 2T, hot spot JEEE O
Hicou Tk, BASH &I T AR5
MR DT OB LIEE Shbh, Z oGt
EZOROFEAME LTID RT3,

Wi > v+ 7 5 a1k, COPD i x5 %k
e X B RN TR © RS R T
W, = e S EEE o Bk mE s
fz. $€o T, SaEHENRZE O RHliC X By fa &
LR UERWEEzBRD. IHMER & BE
KaE DAER R TH HHIFHMIITH D . Okl
B, —kE RS T, MRERfROE
2« DL, TibbERE, KERE, ilaN
FEZ o ff 2« ORTFI M KT 22 0 ¢, ik
WA % KB PRSI — TR O THE L DD
BRETHES.

COPD iz ¥stF % g v #it | o H¥f 1k, overin
flation, pulmonary hypertension, oligemia ¥ f-(%
increased marking, right ventricular hypertrophy
THY, EHRE LMoL Gk, & bictubular
shadow 24fn3>%". LL, hbo i vig
SEETT R, AT LIcR0ERZE I B W T O LR
b, i, MEEREEWS 2 eRELR LT
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b, Hoif VIR IEE @S B 1Y, Feis vikic X
% COPD ORMiiIdis b #fT Licd DieounT
DHEERATHD EE2bRB. TihobbAEL,
FOBHERRZE O LR U CRiBhey el L L
Binys,

KETWGRE, FERASERE YR L, FEIER
&, B E oMitii$eiE o Ric s\ vt
b, =y AvvE s AR -Th, SE
A DT TIZERIRAB DRI ZE LR 4 Cledibim
Th, FOBERTHEAOWE O =FLLELTE
DTHRE . Thbb, =v Ly vFsS5a
L, F—B3E B\ CHIFR O IVED DI O
IPEANL, =r VYANHORTEOBE 2R DK
L, =w vy vF s s AFRDS, SERRE
AL G T 5 F 2 A THIOTH
D, =w VoA HEPAZE B D RS R
DHE L FOFBRECLEHN TS, ¥i5Ed
R E S UHBERCEWT, =n Y A5HIH
FRDTIFCE Y EH5HEL, SoERCEL
Th, FIHGERENRBBRFE L TWATARL
TWwb.

S R D & FIREE L ORI, Wb W B
—H#io COPD Bk RigoTw5%. 57T, R
RZIEREEE © #ifTisbb FEV,, %, Rp &
COPD ¥} % i3 ERH B %R S ind o 1o H
®, KM EEEOBRET b bV, V25 itk
Wik COPD. X bR cHB %R LicH i £
b, REBROPEMEIE, bbbkt B 2l
COPD I hRIFVICE LT WAR ® RELT
BY, Fio, WRESTAMN, FHIE O e
Iote o THEHL X hjz3fiz, COPD o<, Mix
BIEHARLCHRWEYRE LTV . —Bi&E
Tk, MhlamEE o f- b2 LB L,
£ Dl b SO RN L, R a
MNELS EERTWED, BAMCERESBED
WhIXBER X 5KBFET 50T, BATRE
BHFEELEW? . codigiy, RAMOSEEN
VIR B LTI LY, KR b SR
FTET ARG TR ERTWA. LrL, FT
R TIL, R\ L, HERHTOKEN
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BEDZEE ¥ Ik FENFEOFR L ShTw5 0
T, FoRfZEEEER, WHoR b, &
AR THEET B, Tinb AR, &
AR F DFfgEH SN COPD LERB LD TH
hIFHAREE L CRARELFET S LHES
h5. BEED flow Ax—vERHNTAHRSD &,
W AH, RO WIS THIEOET Lo
P EARBERTHLIVEES IS,

LIk COPD BUBiREICITA=r Vi v
75 A DBERNERTOWTOEERT - 0%,
B FTLHERMBZEE S HEHNEETH -
T, HOFRTOWAEDFRIBHER Tz,

bilekic, =r A OKENEEER L AN
S B BREFTT % fodicik, KBRS Sy
B = e vV AR FIEER O LM % —
FERLTTHENESD. ThbbRAEE, =
r SV, =r VARANA (WENA) OF
B, =r Y ARTFORBEENER S hiadilts
v, FORHIITET, =e VABARITTE
BT BRI LR A NETH D, Ficig—
TR & BB D DI = w S AR O A
¥ Lw. Fio, BV AOMEIT X T, Hik
R CEMRESREVENT 50T, TOKTO
RELDETHEL®. D X5 hfrgo=
vir—nARR YLD, =YV AvvFS I ARIRO
FHmE, X AENL IO BOTHAS L,
Frche, KlEA= e VAR TFIERRCOWT
DHRAPFIRERESL LELBRS.

5. EWMELUIBE

1) i« OB O ISGERHIZEEZL & fE5
COPD #»%f Lt L, ch&x e VAvvsrs
AFTRICHE- T, 4BRSE L. I RHIEER
EESAE, TRRIRY~ 0TI A 5%,
MR RKHEBALS M I 2 T, PHRRGE
o hot spot 4%, IVEAT hot spot FEELIZ N
<, iffFo—fcBARBEETSbOL Lic.

2) to=wr AN L NEEERES & L
L, Z® hot spot R % KaEIEH (R) &, R
B RKERAD R =2 v 75472 (C) b
BERT, =Yy varsatbeEFER IR
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TETUE 7o JRPT RS0 D E AR S5 2 e

3) =wmYALEOMLTER, COPD o HifE
Eo R Index Th3s FEV,, ¥+ 1< HES L
Frn
HRSZGED hot spot RLITE & LT HiR&0HE
BhiERW3T% FEV,, ¥ty v r—v a Vik
WX APERES Rp & BVGHEBIRR Lz, #1-,
TR RIEBAD AL, RREKERHRZE OB i
cH 5 Flow-volume Hif§ o V50%, V25%,
Closing volume (CV/VC%), N, single washout
HgR o AN, %1, ' Xe Peu s LBRO RRTHE
N LRGSR L. WEoEELY, &
FEDRIG DI LPENKIE S hie.

4 TWIE © =r ARCTUEBRE 3,
COPD L#/eh, FDRZEMERIE 13 X ) R4S
hThh, Lid COPD AL AR LT
BZERL, BATESAMNED O THBHHIGRE
SRy, B OWT DRy vF 75 AFTH
OB, SHOMEE LTRIh.

Wtz siwbich, AWK ERY L5 EEY L E
BB &N o A EEEE NS - BEEH BEE
HHEEE Lo RAEHENEEFcHEYRE LT
Lic, AMBCEROMWME L @B Ve ELE
BMARFEEF= % 4+ - WFEF S M= g, ik
REMEA - BEER O 7 v — 7 o446, Frhifs
BB v FH 2T EZOHRME S BB L T,
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