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Fig. 1 A blockdiagram of spirometrically gated 133Xe
ventilation imaging system.
Trigger signals indicating an respiratory peak are
recorded in a minicomputer simultaneously with post-
erior lung images for 60 respiratory cycles.
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Fig. 3 Phase analysns for gated ventilation images.
Phase (P) and Amplitude (A) are calculated with first

harmonic temporal Fourier analysis for the time activity

curve on each pixel.
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Fig. 2 Schematic illustration of the method of re-
spiratory motion correction.

Conceptually, the correction is done as if the rubber
sheets on which gated images are recorded are streched
until basic images (Image A) are equalized in size and
shape of end-inspiratory image (Image B). A linear
coordinate transform on the image A and B is used to
correct respiratory motion. The equation of a linear
transform can be written as: U=Al-+A2X+A3Y,
V=B1+B2X+B3Y. The transform parameters (Ai, Bi)
are automatically determined by three corner points of
circumscribed rectangle for the contour line of Image A
and B. Total counts as information of volume should
remain the same between the basic and streched images.

Fig. 4 Effect of respiratory motion correction.
It is noted that almost same lung contour are shown among the sequential gated images

after lung motion correction.
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Fig. 5 Reproducibility of phase analysis examinations.
Phase analysis examinations were performed twice in sequence in a patient with COPD.
The 2nd amplitude image (c) was identical with the Ist image (a). The two phase images

(b and d) showed nearly the same pattern, though there is a subtle difference in relative
phase distribution.
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a: Phase image before respiratory motion correction.
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c: Phase image after respiratory motion correction.
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b: Phase distribution histogram before respiratory motion correction.
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d: Phase distribution histogram after respiratory motion correction.
Fig. 6 Phase image in a case of normal volunteer (posterior view).
Normal<egional phase distribution was uniform with small standard deviation of phase
histogram.
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Amplitude image before respiratory motion correction.
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Amplitude image after respiratory motion correction.
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b: Amplitude profile curves before respiratory motion correction.
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d: Amplitude profile curves before respiratory motion correction.
Fig. 7 Amplitude image in a case of normal volunteer (posterior view).
Amplitude image before respiratory motion correction revealed decrease in regional
amplitude from base to apex. After respiratory motion correction, amplitude image showed
uniform regional amplitude. All amplitude profile curves revealed normal pattern.
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Phase image after respiratory motion correction.
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b: Phase distribution histogram before respiratory motion correction.
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d: Phase distribution histogram after respiratory motion correction.
Fig. 8 Phase image in a patients with pulmonary emphysema (posterior view).

Phase image revealed non-uniform regional phase distribution with large standard
deviation of phase histogram. Regional phase distribution after respiratory motion cor-
rection showed more uniform and smaller S. D. of phase histogram than before respiratory
motion correction.
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a: Amplitude image before respiratory motion correction.
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c¢: Amplitude image after respiratory motion correction.
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Amplitude profile curves before respiratory motion correction.
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Amplitude profile curves after respiratory motion correction.

Fig. 9 Amplitude image in a patient with pulmonary emphysema (posterior view).
Amplitude image before respiratory motion correction showed asymmetrical distribu-

tion of regional amplitude without normal gradient. After respiratory motion correction,

it showed asymmetrical and irregular distribution of regional amplitude. Regardless of

respiratory motion correction, amplitude profile curves showed abnormal pattern.
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IMAGE 1SOMSEC~16F 5/MIN B0C MHU(

a: Phase image before respiratory motion correction.

c: Phase image after respiratory motion correction.
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b: Phase distribution histogram before respiratory motion correction.

TOTAL N=1118
TOTAL MEAN=139.0
TOTAL S.D.=10.8

N - 607

MEAN- 136.069
S.Dp = 5.40962

N e+ 511
NO.OF PIXELS NO.OF PIXELS
100 100 MEAN= 142.47

5.D.- 14.1233

7% s
se 5@
es 25

SE ( DEGREE ) PHASE ( DEGREE )
100 200 300 360

100 200 300 360

d: Phase distribution histogram after respiratory motion correction.
Fig. 10 Phase image in a patient with right phrenic nerve palsy (posterior view).
Before respiratory motion correction, regional delay in respiratory phase (arrow on
Fig. 10a) was demonstrated on the base of right lung and phase histogram showed two
peaks. But regional delay in respiratory phase on the base and two peaks of phase histogram
became obscure after respiratory motion correction. Focal delay in respiratory phase on

upper lateral portion in the right lung (narrow arrow) was observed as an artifact of data
processing of respiratory motion correction.
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Amplitude image before respiratory motion correction.

IMAGE MU

Amplitude image after respiratory motion correction.
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b: Amplitude profile curves before respiratory motion correction.
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d: Amplitude profile curves after respiratory motion correction.
Fig. 11 Amplitude image in a patient with right phrenic nerve palsy (posterior view).
Before respiratory motion correction, amplitude image showed low regional amplitude
on the base of right lung (arrow on Fig. 11a). An abnormal pattern was demonstrated in
amplitude profile curve of right lung (Fig. 11b). After respiratory motion correction,
decreased regional amplitude on entire right lung was demonstrated in comparison with

normal left lung. But amplitude profile curve of right lung after respiratory motion correc-
tion became normal pattern.
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A A—VOFIEERIVE2EEBOE KR
L7z, 1RiE - (S RIZE D052 & 258
Dz, 2EIOBITREIRE SRR DEFT ]
3 7274 - 7z. Fig. 5 1z COPD JEf|D K 18 ¢ &
BRI BT B MESHIERTOIRIE « fIfEA A —¥
¥R L7z, IRIEA A — R EREA S ETRL,
PLAEA A — VIO MEDEE 2 ERH S
han2@EEDICAREERSHMEE L. EH2
ERE L EEEBE 2HOA A -, 2HOD
FIES L OISR EERERSRE R L.

2RffLHE SD O B/BREDORETFEFR % Table 1 iz
AL, R—BicREREZ L1FIO1[EE &

Table 1 Evaluation of reproducibility for standard deviation of phase histogram

(1) Within day variance

S.D. of phase histogram (degree)

Difference between

Case No.  Healthy or diseased o1 3 the two tests (degree)
1 Healthy 9.0 ( 8.8) 10.9 ( 8.4) 1.9 ( 04)
2 Healthy 12.9 ( 6.3) 14.8 (12.5) 1.9 ( 6.2)
3 Healthy 9.9 ( 5.7) 8.7 ( 3.9) 1.2( 1.8)
4 Healthy 12.6 ( 8.4) 12.0 ( 6.2) 0.6 ( 2.2)
5 Bronchiectasis 11.9 ( 6.0) 11.4 ( 6.3) 0.5(0.3)
6 Bronchiectasis 6.1 ( 4.3) 5.5(5.4 0.6 ( 1.1)
7 Bronchiectasis 7.1 (5.7 10.1 ( 5.9) 3.0(0.2)
8 COPD 34.8 (20.9) 45.3 (34.4) 10.5 (13.5)
9 COPD 18.4 (14.2) 19.7 (11.5) 1.3(2.7)
10 COPD 25.3 (19.1) 31.7 (15.7) 6.4 ( 3.9
11 COPD 33.3(17.2) 31.6 (16.5) 1.7 ( 0.7)
(2) Between day variance
3 Healthy 9.9 (5.7) 7.3 ( 4.8) 2.6 (0.9
4 Healthy 12.6 ( 8.4) 10.5 ( 6.3) 2.1(21)

( ): After respiratory motion correction, COPD: Chronic obstructive pulmonary disease
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2 [81 B »LAAFE SD 1%, MIERTH & b ic paired
t-test THEZEIXL) o7, SD OE O HEX}HE O
Erg+£1sd. iIFIERT2.7+13.1 B, FIE#£3.0+3.9
ELBIFAHERMELZR L. %72 1 BB OLAL
1 SD & (Y) L 2[EE® SD & (X) & 0k,
WIEN T Y=118X—1.18, #8 %% r=0.967
(p<0.001), #EH% T Y=120X—1.28, r=0.839
(p<0.01) OFWHE 2B . FHEAREZ
AT U7z 2 PlIEAIERTE & bic SDEDZEX 3 B
UFTdY, BFLBEREEZRLEZ.

WRIE7" = 7 4 VEIBRARIT OHIE X, WERHRE
Lzl 9 fl T 2 EOHEREEF—F L. %
TEARED 2HIIVTFRLER ¥ — v LHE
Shiz.

4) ERERAYRRET

O JEFIRE

MEREE R IERT R O MM ORER 2 R T 5.

EffIE T THEKRTDH 5.

() EFpIoHRE
EFEFOLEA 2 — 1%, REAIIIIPIES)
WIERTR L LI EH— 2 MAEN R R LR,
HEHOH ML L D F h T (Fig. 6 a, o).
fiFAE 2 b7 X 1O RIREE— 7 22 L
fir4E SD fEiIZ/h& <, BERIRE biIcAals v —
7 %2 LNAESDED X W/h& -7 (Fig. 6 b,
d). MEESIEROIRIEA A — P, HREAH
TE T E I B K IRIE 2 38 0 Bl e EB 5 1)1 [a] 2>
> THiRT 50z RLic (Fig. 7Ta). fiEEH D
RIESHIIELLELL, MEBEAOREET/ NS
e ) BRI —n oA & e - 7o (Fig. 7¢). R
TE7"m 7 4 VAR IEATI I 30 25 & K fE &
BYRESFRICERT 2 - EET B H
(Fig. 7 b), #IEHKITTHIHE > & RE B X OME
BicEh - THIRT 57— 22 L7 (Fig. 7
d). EEHFORIE v 7 4 VRO KE sy O #EH
1%, EREGEAICALE L7 (Fig. 7b, d).

(i) %E f 1

505% B, BIEMmKEORER % Figs. 8, 9 IT7R
L 7-. FEV1.0% 46%, % VC 61%, slope 0.4
1/sec DIREMEETH 7. A A — VI,

MEGEBIAIERTE & b IS T EF 2> © W U Ak Y
BRI 20 CHER R 2 ALAEBAE 2 7R L, IEH 7 (Fig.
6a,c) LB LRE 56 L HE L x 7z (Fig. 8a,¢).
EAMOMMHEE 2+ 75 A FFPUGEBIHIEIC X Y
Y— b+ 3Mm %R LD, MERBOBOBO
DIEFMAE 2 b7 7 & (Fig. 6 b, d) & HEz LIg
JENRATdH -7z, 2BALAE SD 3 FIERT37.5 B,
MERIETH Y, EFFAILIHAL P TKREN
SD fE# R L7z (Fig. 8b,d). —HMERTDOIRIEA
A=V, WESOBREEROE =<,
T f_E B BF 35 & OV Rt/ o0 3R 23 ARSI 6 <
%55 %R LIz (Fig. 9a). fiE#DA A —T T
1, LEPAE & TREF ORBEN/NES (D8R
Y—niRES 2 2 Lz (Fig. 9¢). WFh bIEE
Bl & B L RE o L HIE L 2 7z, fIERTORIE
7'u 7 4 ViR, WERHORES/ NS W
B D FEXEY S A 2N C EREEA SR ELT
N RE % —> &R L7z (Fig. 9b). HIEHOEK
B a7 4 VRO AL i BE S — v LHE
& h7- (Fig. 9 d).

(i) %E 1 2

30 M. A BERRARE AR RREL O SEW 2 Figs. 10,
ISR L, FMESEERIOMAEA 2 — Vi3 A
FHES AR 2 MARBE 2 R L, Ao
2N AT 2L, MEOBVWERS MR
ET3ZL%FLE L, ZThoDORFEFR
1M E BN IE S REARR & 72 - 7z (Fig. 10 ¢, d).
HIERORIEA # — P IXAMEBORIBIET 271
L, AMRIEZ v 7 4 VBRI RE Y-V 22
L7- (Fig. 11 a, b). HEHOEMIRIEA £ — T3,
M & B LA R ICIRIBIE T 2R L7 3, 1RIB
a7 o VHBEER L LICER Y-V EEL
7z (Fig. 11 ¢, d). ZAF|0BEMREES) 2 FR T T
BLLIs, BAGHREEIATEEEE K<,
POl L RO T HIOEEN Z L TW5 Z L 23R
wahiz.

PDEnZ e, ffE - | A —YOREND
B VI B BAIRAT O FE I IER 5 L FRIR 35K B
LOMICEENELZRBDZ. L iz COPD Tl
FHEF N DS AR —Ic k A Z B D 2.
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Disease N Mean * sd. SD of phase histogram (Degree)
10 20 30 40

103 t 27 —

— i% FYYY VS TR

mal
® 00 s e

6.3 15 !
19.8 + 100 - ~+ —

- 44 AMA M b a A AMA M A L S Y A A
123§ 65 .‘..k..‘.h.. LN ] e o L]
139t 47 |

Aaa

Neoplasm 5 :

97 *+ 52 ° - *
e

99 * 4.7 —_——

Pulmonary A i

embolism 4
91 * 46 * bl *
114 * 6.1 e e
" I VY'Y Y T I A A

85t 64 . odd o :

A : without lung movement correction
%k : lung movement correction

Fig. 12 Distribution of standard deviation of phase histogram in normal controls and

various pulmonary diseases.

E7z, WIGEBIMEMOIREA A — Y TRE/T
B o IR X BIRESES 0 B 208 < =, B
Fili SRS O & AL RUVE SER T IR R o
R RIRIBIE T & B IREGRIR OB IME > R BT
RTH -7 &OICHBFAOMMES X CIRIES i
XM ESH RIS X D E— L+ DA &R 7z
@ 2ftifite SD o frat

BEFE2W L ol # Fig. 12 (2R L7z, IEHE
(1345]) D44 SD »EH+1 s.d. 12, #IEHi
103427 EEIC S URIE/RL 6315 TH 0, M
TGEBIIEIC X » TR S bic—{kL 7z
(p<0.001). COPD % (244 T i fE #1198+
10.05F, BWER123L65FLWFh b EHE X
WVEEIZKEW SD &R L7 (p<0.001), 7
COPD Bz B W THRMEIC LV HSD A E
IZ/h& L 7z o e (p<<0.001). fii 38 & (5 1) 1%,
WIERT13.914.7 FF (p<0.05), B E%9TLS2E
(p<0.05), Z o o Me Tk 255 B & QO F) 13 4
FE#711.42-6.1 FF (p<0.05), HIF 4 8.5+64
(p<0.01) TH Y, EFEHL VLA SD 5 K

SWEMERO. LaL, MERER4H) T
2, MERBIUCHBEROWThORERLIERE
Lo FHEEEZELRYO Lo, b
b, MUEEIHIERTS X CHIES O£ 748 SD
IR ERE B TARE A BN EZRD, &
COPD B TREWHERZ R L., LB LM
SD 45 L T 5B AR 7 v L OO EE
EETILEND B, EFRFEOLMALFE SD o
Fyg+2sd BEERIISTETH-2Z L XD,
FHIERT SD fE16EELLE & 16RO 2 FIC SN T,
FfEF 1 ESRY 72D O H 7 v b & EBRE L7,
ZOFREFI6E L Lo 8 (176 o FH+1sd. 13
65+25h v b, 16 o B (49 ) 13 72+22
Hy v FTHIEBRICERER R o,

AR L FPIRBERERE & 2 ARELINICHEST L 72
51f0ic 2T, FEV1o%, %VC £ X U slope &
2RfifI48 SD & DA % &t L7z, FEVwo Y LI
EBNH ERTOLMIAE SD 13488 {2 ¥k r=0.74
(p<0.001) »RIF 2 FAME 238 » 7z (Fig. 13a). %
TTHEHR b r=0.71 (p<0.001) O AHE % W/ w 7=
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FEV1.0 % (%)

FEV1.0 % (%)

100

S0

100

%

S0

es

n=>51
Y=-—1.26X+90.6
r=0.74 (p<0.001)

10 20 30 @ se
Standard deviation of phase histogram (degree)
a

: n=51
: =—1.62X+88.2
r=0.71 (p<0.001)

10 20 30 40 50
Standard deviation of phase histogram (degree)

b

Fig. 13 Correlation between FEV1.0% measured by spirometry and standard deviation

of phase distribution histogram.
before respiratory motion correction
after respiratory motion correction
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(Fig. 13 b). slope & 2ffifii#H SD OFEEIL, #E
B r=0.60 (p<<0.001), #& IF 4% r=0.55 (p<0.001)
Thole. Lnl, %VC L2fhitE SD  #HE
I FIERT r=0.49 (p<<0.001), #HIE# r=0.42 (p<
0.01) Td » 7z. T 72 L2fNLHE SD 1% FEV1.07;
B LU slope L DFERE L, %VC LB I
BWERTH - 7.
FREMITHRICO & 23 & 133Xe ghv H LREH
¥ BIE L7S3flic o\ T, 2t 133Xe $EV H LB
f CEREFR) & 2Mifif SD a2 Rt L 72,
MR EE) R IERT T r=0.42 (p<0.01), #IE % r=
0.27 (n.s.) Td» V FHFBICEWHEEZED b 1 i
Mmooz,

@ WiE7 » 7 4 VHIRRIC X BRES
MERSRERRE ERE Th - 72304 2 1 RiT, IR
W87 m 7 4 VEIARAEITIC X 2 EIRIEZRERAT L
7o, TORER, FPRESEIERT T 27/30 (907),
RIERIE 25/30 83%) OEREL R TH VY HERM
CHHNEEEIED AR D 5T

Iv. = =4

BREEZRE O BIRNE AT 2 O REENE
AR BERER BT 2 L8 E—FETH 2,
REFEBIUT - 2B ESTLV—FT UV RE
LLTARETHLIZLLEERFLETHS. 20
X5 a5 (1) PR ERARFIH 133Xe fliffe & A
A=V T OBREFE, Q) (LHEFTIC BT 5
TEBIMIE, )R X URIEA 2 — Y DK
HIRREHZ D WTEET 5.

1) FREREhEREIHA 133Xe fRA A -V T D

REFH

MELEE) L R L 7B A A=V v T OFE
IREKBREED N ) HEF R — FRIC T — & [0
EBICANT A HELSS, IEL ZEE T —
20 BIERR LI REIBURREBIAR 2 b & ic Y 7 MY
RMEGREZERT 2 592835 5. ~— FH
R B R & ERR 3 2 Hikicid, HeBEES) 2 FIA
T B, vy 2 —RIcEE LR
(pneumotachometer) ZFfH+ 2 F &, L 2 ¢°
V=2 2FIHT A HES, TLTEREOITELELR

21 %10 5 (1984)

v —XOERBREEFIBT 25 ERHD. WTh
LT FGEENIERMIC = bre— L T &,
E PR RIBERLCPERTOEZD MY A
fErrLicd v PRHEGEZER LI
HAH o7z, AFETRINLDEEMET S
HBLLT, A hn/—nic@be®T25H/y 0
BHEL, »OBRVWRRERES RS LICLY
MERER L 1 ERSEE TEBR Y —EIELX
ST L. 133Xe 7 2{EHEA 10 mCi & D75
72 60[E D KEIER 21T - 7225, 1 BIEK R
TER D25 LB (500 m/~1,200 m/) T » Hhigidy
KRHREFRETH -7, REOHEIMZELIC
k&5 ER Tk 133Xe # 2 FFHE & HINL,
RAEMVERE Z D +5 2 ENEE LW, #Hik
FEORBNABELEZR LU ORROFEHETO
REFGEZRE L. NI HEFR, RBPEE
(E— 7R ATH & OMFIREE#R & 40 msec fif
HHEES I MREROZ A LT 2 552 A
Wie, AETIER MY FoRBERBICIMZ M <
n— A~ORBEOEERFZIMR SN D 720,
MEBRSR & U B AN £ T 150 msec /il % 0 B
MIZENAE U, REFEE Eb & 13RS RE B AR
5 Y 7 MY FEBEREERT 2B FE LW
2, T—FZENED L SEEFORN D BV
B —FUBREBECEIAME TH 5. AEFEH
IR L BERREY S Y HERASNIC X Y = v T
F—h M A=VE—FEAVBEZLAFAETH Y,
FIHEGRIER B EDD TEHTH > 7. HRFE
DHKIB L O MY VEBEREOEEICETOHRE
FTREMBERERTY, BERAICE TR IR RME
NHdEEbIRED. iz, AREZFAHREIKET
OFEIPREFIATN 2~ 3 DE CTRENRETH D72
B, PERD 133Xe fifRA A -V TO—HL L
TEHIITZ I,

Q) {(IHEMRIRIZE T B TR SEEHHIE

PR, AR R B (e D WLARARAT VR 1X, B EFR 0K
MR R B AR & AHIBA%k L L T&R D LA L IRIE
S ERTRTHHETH S, MHIEERETEER
HLURER Y Y bOBELERZRDTH, Thbd
DT A — B R RFTRRRE 2 MR R 5 L
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BV, ThabbPRESIZHE D RFTOB
Bh L RER AR R B B XiETLEx LR
3. WPIRES) IR, ARG B & Ol o m#BI
WHOBME Itk - ThEREH, Thbn) B
MR R T 6~Tcm BEIL, 1EBRSE
DTEZEILENTNE, Zh XK EE)
MERORESAGHER CREELZ T L E
—+ 5. 2 THIRES % fE L RATRIEE
FEVBEBLARMEEI2DOEBLE 2T 12
(Figs. 2,4). Z0fER, MEFOREHSMIEL <
L UHIRESEE O B BIIEAR L, ML X
D¥—{b Uiz, THITALARARATIC BT 2 LHEBIE
PHRLEZLZ2ERSTZHRLEEZION, b
BIEREMIESNHES R LR LK. L
L, SEOHEZ—RBRFERZ v THigazh
FADELZZRTHBIETH o72. Lizdio T
RED ETRENILHIE © bucket handle (BFE~D
) IBESN DA, WEBIUMED pump
handle (BIEE~DEE) BHEAED & 5 72 =R
TR EOMETZEAh TV W, T hix RI
REBEORFICHE T 5B CREIEETDH
5. & bIC—RRZS TIX T HAA _LEA X Y
MEGEEA K E WAREEAZR S ATV,
EEETR | ARKEICHEY T 3EES AT TR
B CRALAED ERHBFICL IZENS L BB
BLBHERELEZOLNB, Fig. 7c,d TixHfifi
FBABEKER-TWS, ZhiZIEHBKEEY)
Z AR (V) THRIE L Tz o BRI Lo
VavhaL, THEFORE ENMESATHS
CLLEEND1OTH B, & HIi—KEBLEHRT
b % 7 HFELES O D 7 WP B O M ESE KIS
TORMEREO v v MBS h B, %
D7, P ORE (AV) BHE LB M &
hTwadeEzbh3s., Zhii Fig. 6 ® fE§
BOMAHZAICBNTH THEF LY EPR/EFTX
DIP—~LERTVWBZ b LHESHhS. Zh
SOMEXT v /7 5 L THET IR S L
Bbhs, SEHCCHEEOEESZESHICS,
L L TERERE T ) HER X ORI L 064
REMMZRAL TI2BERETEDLL, R

AR E MR T 5 ik Rt TH 5. L
U, PARRIEAERREES] O 4T 5 & (Fig. 10) i
REND LK SEOMLESFHIE T b ERKIC
BFRALI BboLBbhrk.

3) £IfAE & VIRIES A — 2 DERKRAYRET

DERRIBIL T —VvA A=V O BT E I
Links?, Adam? & 0@HELRDOHBEIIZE N TH
AT Y DDH B30, L THHEA A — VX
FE R O BE9 3 X ORI LK B 0 BEE
BEEORKOICERAL S, fHEX FT T
LICEBEERMBITE SO RNBESA TN 3.
—%, WRBZEEZOFEBTIBBM N7 23
YV gy A=Y, SnKr FERKA A — VB
LU 133Xe iR A A — ViC R B AR RO
RPN RL LN 00H BN, SEOEFIC
X B ERRHIBRE OBRE T 2.

M ESMIERORIEA 2 — MR 0 dV
KL 2 BHE) Oz KB L, fLHEA
A=V RATMREORENEF BT 5L E
zZbhiz. RFTMNT AREGESHBPEI D A 5
=Xs¢LT, ) /HOAV/V BZR B L (V
FBKATO AR, 2) FFOBRKICHEHT
BdHdT L. Q) RAOBIUCBIT BHER O &
DIENENERBZLOISORFAEZDN,
D BRFIOary 75470 %, QIFREIHIER
BROKMICH T HEAAERT 2 L vbh T
%29, £ftifii4H SD 1% FEV1.0% 8 X U slope &
ORI L %VC L oFEBEMEN M & B D
7o, THIXABIGE O ALFRL i S PRIRIESIAR Y & &
VIR RBLTWA Z L 2R T 5. 2L
#8 SD | COPD #TAE L 2 afHmZ B, 1
A=Y LY OREES kR LI, ThbD
A O BEMRBEENTR 2512 Licdd > THLAES
IR ESELZETLEL Oh, MESHEIARY
EHEDOQDAH =L KM T SHEE G T
b5 LBbhic. £MffE SD & 138Xe e L
B OB BIF 12 i b o 2. 248 SD ik
MERIEHIAR Sy & KB L, ALAE O R o RE%
HORETH 5. —H2h 135Xe e H LRI
BER (2774 TV R LREEHOETER D
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) AR LIRR R & T 5 LRRE DI 1 T
5. ThbbEWH UM LA SDIX&E LS
HBETHIZILEELZOND., &5 13Xe R
DTN LT ZEFR TIT> TR Y MR GEOZE
ENEEBLTWAILLEZLNS,
EEHEONHESHIE—TH 5 & AT
RThofz. Fige M IEFEHEDPE, B IVOTF
D 4 BRSO vy VELE EARHEE
TORLEREZTRTE, WFhb b TRIFA

21 %105 (1984)
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Fig. 14 Changes of radioactivity in a respiratory cycle
(O) obtained from gated image after respira-
tory motion correction and the curve fitting
by the first temporal Fourier analysis (A
normal volunteer).

a: A region in upper lung field
b: A region in middle lung field
c: A region in lower lung field
The fitted curves were sufficiently well fitted to the
original data. Arrows which showed the trough of
fitted curves represented almost same point in a respir-
atory cycle.

EELERL, ERHROTER L OREITHR L
MOBOAEIL X K —B L. FEF 1 OBEMIT
FED _ERHEF & R H LRERIASBIEL, 2> frHEfE
PRSI K E K BEHERTREON Y v bR
L LElghii s Fig. 15 1Rz, WAL L D
CREF IR R A ROBDOAE,GRL D,

TR CRESAR MR < B _ERREF TRRASBASA L
TWABRIREMZRB L7z, TRbLbLESMHOLEER
PO REESO—BERLEEX b, Th
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Fig. 15 Changes of radioactivity in a respiratory cycle (0) obtained from gated image
after respiratory motion correction and the curve fitting by the first temporal
Fourier analysis (A case of pulmonary emphysema).
a: A region of relatively small phase value

b: A region of large phase value

The fitted curves were sufficiently well fitted to the original data. The large phase value
was calculated probably due to prolonged expiratory phase.

IO ERFERL 7 — A A — 2 OAAROURE D
BRI CH 5 LRIBRIC, AR
HOBHMMIEE LD LERRTELDLER
bz, —7, DREZESFEE T ERERER
* TOELLIREH A ElR kI EE S h, I
R DOBEFARCLEHEL D 72 D ITE A
R ThIER7 — V=B SBREL AT
324.26,20 Fig, 16 1z &ffifFH SD 2330.5F T &
SR EAMAMIEZIRD 3RO Ay v M EE
LEDHREZ R Lz, BREEHO 7 7 v P3N
MO T P EVEL > TVWBHR, AV Vb
B ndEHRERKE Nz LiTma Y FE
BANDOBESIBREhzizw L Bbh s, &l
IRERE LOBEL 55, BEEBAR+HTS
BOBORDOMNENRE oz, T0XOICE
A FEEEKIE £ TOELL T4 7z B R A
BOBFETBREEE LT, (1) RIE®BEZKITE
BTHEEDT VI ATIZEE RO RE%E
BEVFA—ERLCKBSh 3. QBIITERR

(collateral ventilation) DfFFEL ENEZLOND.
WRIC LT H EAFEEE S T TR AR L
ABVEREORYERROFENTREN, WK
7— ) EROISALRNT 2 LELH D LD
hizc.

—7%, AREOVERESHERORIES 2 — ¥
i dV otER#S 2 RL, dV/V 0% L R T
LOTRANWEDBEBORBLRETH - 7.
ZZCIRIE 7 v 7 4 WVEHIRD S F — VAT 21TV
MRS REREBIC BT A ERESR 2 BRA L HEE
B RERY B, A A -V L ERSE LR
BERAGICTREL - RBEAMERD. LrL,
fEF 1 (Fig. 9) T ER ©F LT, ME®RX
AP EF AR ICRE L HE S h TWw 3 %,
X-P Lo X#EEBEER LU 33Xe e H LB
DEEIFRALMCER AP -7z, ThbbLER
fE% 100 L+ 2 HHSH 5 — v DT TH Y,
BESENIE dV/V 2 KB 2 EEEE RO RS
BELEbhi.

Presented by Medical*Online



1262 BE ¥

ENTER FITTING ORDER (1-10) > ? 1
MAXIMUM VALUE = 165
KEYIN SCALE FACTOR ? Y(YES) OR OTHER

Counts/4 Pixels
16S ' .

150 -\:\~:\\’-___:__:”:”‘/r:ff:""""""“-.

. N\

100

50

S 10 15 16
Frame No.

a

ENTER FITTING ORDER (1-10) > ? 1
MAXIMUM VALUE = 167
KEYIN SCALE FACTOR ? Y(YES) OR OTHER

Counts/4 Pixels
167 D .
‘s \ /—-—‘\

-\-}_%

100

50

S 10 15 16

Frame No.

Fek o & & L WRREBHEE E AT E R O b
OIPIR AT 2 Bk & BRI T 5 L CHEALHT
WMETH 5. L LIEREERE L £t AL 48 SD
DOFEIZIVWTHOEBIZOW T HBEZLDOAEE X
RRXRR L BEAEZBO . I IERESHRE
EOBEBGUE D ) A ANFEREE->TWB LE
bhic. E25EIOMERZOBEBRNORERIT
BRHICRESERIDEER X UFESH 21T
ROOBHTRLTLIHEZSLEL LAV &
EARBELTWS., LHL, BEZITWIESEL

213 10 5 (1984)
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Fig. 16 Changes of radioactivity in a respiratory cycle
(O) obtained from gated image after respira-
tory motion correction and the curve fitting
by the first temporal Fourier analysis (A case
of diffuse panbronchiolitis).

a, b and c: Results obtained on region of

different phase value.

Different phase values were calculated prob-
ably due to insufficiently fiftting of approxy-
mated curves to changes of radioactivity.
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Summary

Spirometrically Gated 133Xe Ventilation Imaging and Phase Analysis
for Assessment of Regional Lung Function

Tomio INOUE

Department of Radiology, Kanto Teishin Hospital

The purpose of this study is to develop the
technique of performing spirometrically gated
133Xe ventilation imaging and to evaluate its
clinical usefulness for the assessment of regional
ventilatory function in various lung diseases. In-
spiratory peaks to be used as a trigger of respi-
ratory motion were selected by a specially designed
peak detector, which analysed spirometric signals
from a 133Xe gas control system. Patients re-
breathed 133Xe gas through the system with constant
rates signaled by a metronom. The trigger signals
from the patients were recorded in a minicomputer
for 60 respiratory cycles simultaneously with
posterior lung images. Functional images (phase
analysis images) indicating phase and amplitude
of regional ventilation were constructed by the
first harmonic Fourier analysis.

Materials included 13 normal volunteers and
patients with COPD (24), lung cancer (5), pul-
monary embolism (4) and others (20). In normal
controls, phase analysis images before respiratory
motion correction revealed gradual decrease in
amplitude from base to apex with uniform phase
distribution. The amplitude and phase distribution
after respiratory motion correction became even

more uniform. In patients with COPD, phase
analysis images showed asymmetrical and ir-
regular amplitude distritution with non-uniform
phase distribution. The standard deviation (S.D.)
of phase histogram correlated well with FEV1.0%;
(r=0.71, p<0.001) and down slope of flow-
volume curve (r=0.55, p<0.001), and less pro-
minently with %VC (r=0.42, p<0.01). Mean
S.D. in patients with COPD (12.346.5 degree,
mean—1 s.d.) was significantly larger than in nor-
mal controls (6.341.5). Amplitude profile curve
analysis revealed 839 sensitivity for the detection
of abnormal spirometric respiratory function test.

Data aquisition and processing of present
method are rapid and easy to perform. The phase
analysis of the gated ventilation images should
prove useful in the clinical evaluation of patierts
with uneven ventilation such as COPD. Especially
phase images should provide new time-related
information on regional ventilatory cycle, which
may prove clinically useful for the detection of
certain pulmonary pathology.

Key words: 133Xe ventilation imaging, Phase
analysis, Fourier functional image, Gated study.
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