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Fig. 1 (A) The transaxial SPECT of EQ and subsequent
WO (1-5 min) images at the same section of the
lower lung in a normal volunteer in a supine
position. The 1 min WO (WO 1) image showed
more '3Xe activity in the ventral portion than in
the dorsal portion. The 2 min WO (WO 2) image
did not show any abnormal '**Xe-retention site
within the lungs. (B) TACs acquired in the right
lower lung field. Ty, values (sec) in the ventral and
dorsal portions were 57.3 and 54.1, respectively.

32 % 1 %5 (1995)

EDIRIE L, A LF— 4> K7 80 keV
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Fig. 2 (A) The transaxial SPECT of EQ and subsequent
WO (1-5 min) images at the same section of the
lower lung in a normal volunteer on a prone
position. The I min WO (WO 1) image showed
more '*Xe activity in the dorsal portion than in the
ventral portion. (B) TACs acquired in the right
lower lung field. T, values (sec) in the dorsal and
ventral portions were 53.7 and 49.7, respectively.
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Table 1 T, values in the 6 volunteers

Rt-lung (N =6) Lt-lung (N = 6)
Upper Middle Lower Upper Middle Lower

Supine

Ventral 54.24:2.2 534%£3.6 51.2%£42 55.1£24 53.3+33 51.1+238

Dorsal 48.3£3.7 43.6+2.8 422+39 48.1%£3.7 43.8%3.1 419%24 ]*
Prone*

Ventral 47.2£28 524%29 50.2%42 442141 51.2%22 48.2%3.1

Dorsal 51.2%25 57.4%3.2 55.3%3.1 48.7£25 57.1£3.0 55.1%3.7 ]*

Data are mean £ SD (sec).

* In a supine position, T,, was significantly more prolonged in the ventral portion than in the dorsal portion at any
lung levels (p<0.01, Student’s t-test). Reversely, in a prone position, T, in the dorsal portion was significantly
more prolonged than in the ventral position (p<0.01).

SPECT D#¥{RIZ#E T 5.

7 — & PR LE{E 13 GMS 5500A B & U 550U T,
Butterworth 7 £ JV ¥ GERTE# L 5 0.13, k%% ; 8)
& Ramp 7 4 V¥ 2T, BRI ERK
Wr, ZAKBT{% O (Equilibrium; LLF, EQ) 1% &
PevH L (Washout; LLF, WO) 18 % B L 7-.
RAHEIE 8 & BELRIIE 134T - TV e W,

KT VT 47 6 BIIMEARL & IR TRE 2 1T
WV IBXe HADREVH L OB EERRET L.
HERFFMC X, METETEM (KBRS L~
W), Hfit P LNV, Tl (PR E ) S
SV, BEIE BEM & EENC 255 LRI ORI
AEEL, MBABOHRVHLOERYRE LA, &
DB, 1 €72 VB)DFHH Y v ORI
I OB LHi#R 215, FEROBESTREA RS
LM (Tip) 2RO TV LOIEZEE L7229,

i BB CIIRERICRE L BXe DBV L
L (RERE) OFELFFMLZ. KT ¥
747 6 & TVl LB 2 5L ED WO 1%
TIRBEOILREERE LRDO LD, ThDE
D WO 1% L THIEFICKIBE D BXe 54 & 0 iRV iF
BEDRDIEEIIHHEE Lz, E5I12HE X &
CT T A IR WO B LD RERZWMICE
T3 T %, IFRESL LR THFORERZED
VIO Tip & HBURET L7z, ZOR, 4D
EERETIC BV TRLEBROKE SR % H»

A TCTepx3RBELERNEL, ZOFHHEL KD 7.
m. # %

KT T 47D 1 BIOMEARL & BEEAZD B Xe
SPECT{§% TN F M Fig. 1 £ Fig.2 2R ¥. W§
MO T HRFEM D EQ 1RI3ITITHFEL WXe
SR ERRTH, TRV LB 1 54D WO 18T
WEAMBENAL CUEBEEIAG 12, BEEAAL T3 A o
BXe SAADTEN. FOHOE N LELE 2 557 0L
P2 WO 1§ TIIIHEF O BXe 547 (HIBED BXe
IVIERTFLTITE, MBFICIIEFRENE2O%
Moz,

KTV T 4T 6FIDOEMBEILTHE L7 Tin
DA% Table 1 1SR . Tip (SAPEAAL TIRERI
ftid 703, BERARL TIXE RO A2 V3 holtiv
NIZBWTHAEIERL TV, ThbH0f
RIS BAROE S OFE T, THICLET 2MEF
T, HRBFICHREAIGE LT, [IEB LY
BERDPKEL D20, BXe TADTEWE LA
B bbEZON52, 2 BHEAM TOMm4E
KD Ty, DFMEIX 4884 T TH o 7.

KT 74 THE B, MREHETIIN
HUMREOIFZBRE, wIhd PXe DEFE
PR ERAL % R0 72,

RN MR EDOBRA % Table 2 (IR T. Bl
BEBICHEMAE & b, M X # CT LoRfERZ D
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Table 2 Summary of the 10 patients with space-occupying mass lesion

Lesion sites Abnormal *QOther lung fields 9%V C
Patient no. . . on chest X-ray retention without abnormal FEV, 0%
Diagnosis 3 2
Age/Sex CT sites retentions
(Size: mm) (T2 sec) (T sec) (%)
1. MA Lung cancer Rt hilum Rt-lower lobe %VC=110.4
71/M (Large cell) (53X45) (723+12.3) (64.3%£5.2) FEV,0% =58.8
2. SM Lung cancer Rt-hilum Rt-lower lobe %VC=285.5
63/M (Squamous) (45X 45) (105.0%£3.4) (63.3+5.8) FEV 0% =578
3. IK Lung cancer Rt-hilum Rt-lower lobe —
63/M (Small cell) (35X34) (152.4%4.5) (543%7.1)
4. YS Lung cancer Lt-hilum Lt-upper lobe —
73/F (Small cell) (45X 35) (102.4%3.1) (67.8%£6.7)
5. TN Lung cancer Lt-S4 Lt-upper lobe 9oV C=179.7
T8/F (Squamous cell)  (55X50) (83.5+2.3) (52.3+3.2) FEV,0% =35.0
6. MM Lung cancer Rt-S Neighboring %VC=105.7
63/M (Adenoca.) (30X25) the tumor FEV,0% =93.7
(62.7£2.3) (48.4x4.1)
7. TH Lung cancer Rt-S)o Neighboring %VC=92.6
68/M (Adenoca. or (53X43) the tumor FEV,0% =60.2
Large cell) (73.4x3.2) (57.4%7.2)
8. MT Silicosis Large opacities in Both upper %VC=68.6
63/M both upper lungs lungs FEV,0%=58.4
with diffuse small (156.4%+21.4) (74.3£9.7)
opacities
9. MM Silicosis Large opacities in Rt-upper lung %V C=68.6
68/M Rt-upper lobe with Lt-lower lobe FEV,0% =58.4
diffuse small (137.8%16.5) (85.7£8.9)
opacities
10. MO Silicosis Large opacities in Both upper & 9%VC=171.7
72/IM both upper lungs with lower lungs FEV,0%=59.6
emphysematous changes (121.5%9.3) (75.8+9.8)

in both lower lungs

*

T2 (sec) was obtained in the lung regions, where neither abnormal findings on the chest CT nor abnormal '¥*Xe

retentions were seen, in both ventral and dorsal portions of the upper, middle and lower lung levels.
Adenoca. =adenocarcinoma, %VC = percent vital capacity, FEV, (% = percent forced expiratory volume in 1 sec.

BEIIEDL LT, EER KRR EIMEF ICHEK
5 VIEX D BXe PV LEIESR R EQ 12,
WO R E bICHAiRIBE R EIAL 220, S
FWREIZ L B ABROREXOEIERRA, 5wt
FEBREIC L DRERCHEICL ZB|FUKT 2L
72 (Fig. 3). O, #vi LEBEESIIROO
EQE L TIZHMET LTV 5 b DR MIEHIE
ERFEORETEAET A b DN H o7z, FoHM
FE T TAREF O KAEMZ L % R L TV LD
BIEHMIRH SNIFEBIH D o 72 (Fig. 4). Xe 7
ADEEFREAND Tip CFH 171121432 8, &

PH62.5~7645%) 1%, BERBE2ED L VT
Ti. (F¥J 643111 8, #iH 46.2~102.4 #) iZ
WE L THEEIGEIEL T/ (p<0.01, Student’s
t-test) (Table 2).

D EIZHEMMBEBORMEZ Table 3 IZ/RT.
FE LB 2 Bl BMRE XX 1 B TIIBIRRPX
B CER LR LEBIEDSRI S h, Sl
Bth 4~6 DB VEO WO T BERE
AL % 3R 72 (Fig. 5). MEME 3 BloH & 2 Filid
B9ER CT 1% TRRD 7ARRIUEIZ I TIT—F L THEw
HUEER o 7o, A1 Bl L (% VC=
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97.5%, FEV 0% =61.5%) 7 & Bl % & 01 S,
MR X R CT & CIIFMEME LI S e h o
75, BXe ODRERE xR0/, O F AWM
REXR2BITIRITEEROTE N LIEEICNZ,
o T RGEF O BtDARER OB L IR RE DS B THFE
BCTHot. BXe HADREBREMD T, CEY

145.1+34.7 F, #iH 94.8~2443 F) 1%, K7~
T4 T OREFD T\, DF¥) 48.8+4.7 FHIZHEL

THEICEBIELTEY p<0.01), &5 IZRFERT
RO WIEF O T, CF 79.8+8.1 2, #ifH
559~117.6 ) bKRIF ¥ 7 4 7 OIEFD T\, DF
WL ) BABEITRIE L T 7z (p<0.01).

CHUSH L, SRV E 2R il & BE &
PSR MM & TlE, RN EQ 1#T Xe
SAET L, Tﬁ”ﬁ%?Lfﬁ%ﬁﬁmuﬂ
Dol WKW FHROFEFII BV T HIRE
%@Tm@,%$Xﬁggifﬁz%mbé
%ﬁgﬁk@ T Clﬂiﬁb’(i@ﬁl,“(b‘&i)‘ot
(Table 4, Fig. 6).

i\ BRI HER 2 B EQ 1§ T AH i & [
o) BXe N R R LAY, s LG 1 BT
R G & FARICE <, 1 BITIEEE L GREEL
AR,

Iv. # %=

fitid 133Xe Be\ i LI IERRE DI R0 iR & 2
EDWRINY — > DB A ZT 5D, 84 DR

EQUEIBRIUN

£%.00. 49 ¢)
0 f) €y N
")) )8

"* » ) J

.......

ggi”f €Y €Y
LYY )N
ey ey *) 78
ﬁ; )73 ) 4

Fig. 3 (A) Chest X-ray CT showed a right hilar mass lesion in a 71-yr-old man with lung
cancer of large cell carcinoma. Bronchoscopy revealed stenosis of the right lower lobe
bronchus by tumor invasion (No. | in Table 2). (B) The axial sections of the EQ images
demonstrated reduced activity of '**Xe in the right lower lobe (—). The subsequent
serial WO (1-4 min) images showed clearly the remarkedly delayed '**Xe-washout in

this area (—).
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TRAEFIC BT 5%V E LoERIE WO g
THRIITEETd %129, 4 [lA& 72 P Xe TRV L
SPECT & Tid, MR MMEES LIRS, s D
RETAREE RO LETR e, XKigttd 5
WIS RARME 2 & ORI FE R REM 2 VRV i LR
HEERAS 3 RICHCIBIBR T E /-, S SRR CIlE
BRI T 2 ENEEBEIN., $T %
BB S O% W LOZERS KRG TE 50T
REMEATRIE SN 7c. BB LAF7C#PH T WXe thV
t} L SPECT AL 5 RIS A DRATH % 5,
REEHARMICHERE Bbhi.

FitiEE O BERAE 2 & MR A 2 A B AEGI Tl
SR OB £ 5 FBRRE ORI E DR
S M7z (Table 2). PV LIRIEALIX EQ 1&C
BHOPLRGMETEESILZVLDORSMEKT &
NYTSDODFEL, WMREFEOREIIL LRI
ERERTEEZEZONDW,

32% 1 5 (1995)

Lt. LOWER LUNG

__|Rt.LOWER LUNG

Fig. 4 (A) Chest X-ray CT in the lower lung field in a 68-
yr-old man with silicosis (% VC =68.6%, FEV (%
58.4%). Scattered small opacities were seen in
both lungs, and the left lung was more hyperlucent
than the right lung: which may reflect emphy-
sematous changes (No. 9 in Table 2). (B) The
serial axial WO (1-5 min) SPECT images in the
corresponding level demonstrated more delayed
133X e-washout in the left lung (—) than in the right
lung, indicating there was a more severe air-
trapping in the left. (C) T, values (sec) were
111.8 in the left lung, and 99.7 in the right lung.

PHZEMERG A B CII gt LBAG 4~6 512 DiE
WO WO (£ T RERRTLZBOL. Ih
FTOT LA F—1EDOMET TV L 350 LUE T
LRV LIRIEER % 8.0 2 35\ X PR ZEVER B 3B
EEE)WNEN DD ETHHEL KT A T2
WO B FSTRED S > 72 O BUE T A & FEA01C
FRETTRE T, PHZEMEMER B CIIARA LD RIS
HThr I ErFmINT.

Bt DS HEME 2L % BaEh CT THe LIS Wi &
W AHH® SREORIED 1 T %nﬂif&l
{LIZHGER CT T S e h o 7288, FRERE O
HERASZRD 61, BXe #e 0 i LIRE O A W AR
X,

I 7-EAEMME B T, REMIC WO g TR
WHRR % R0 2 VI RIS T, (3HH 8 L
TEEL TW5 2 EA% C (Table 3), BLE BT
DHT & E wHFEM & OF TT ) LB D ek
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Table 3 Summary of the 8 patients with obstructive lung disease

Patient Lesion sites Abnormal *Other lung fields with- %V C
no. Diagnosis on chest X-ray retention sites  out abnormal retentions FEV, %
Age/Sex CT (T, sec) (T sec) (%)
1. MN Emphysema No abnormal Both upper lobes, %VC=915
76M findings Rt-mid lobe FEV,0%=61.5
(103.5%£5.8) (76.6+5.9)
2. KI Emphysema Both upper Both upper lobes %VC=105.1
78/'M lobes (142.6+2.4) (63.7+5.3) FEV 0% = 71.3
3. HF Emphysema Rt-upper Rt-upper lobe 9%VC=178.4
lobe (954+1.8) (79.3+17.5) FEV 0% =68.8
4. IK Bronchial Diffusely Rt-upper, mid %VC=98.4
asthma slight & lower lobes, FRV 0% =56.5
emphysema- Lt-lingula lobe
tous change (217.6x5.3) (85.31£8.2)
5. US Bronchial No abnormal Lt-upper & %VC=46.1
asthma findings lower lobes, FEV,0%=60.2
Rt-mid lobe & Sy
(156.2%£16.3) (72.3£6.5)
6. MK Diffuse Both mid & Ventral & peri- %V C=60.1
35/M panbron- lower lungs pheral portions FEV 0% =68.4
chiolitis in both mid &
lower lungs
(147.4%16.3) (87.4x7.6)
7. TY Diffuse Both mid & Rt-middle lobe, %VC=103.5
42/M panbron- lower lungs Both lower lungs FEV 0% =804
chiolitis (154.7£8.4) (89.7%6.1)
8. SN Chr. bronchi- Diffuse Both upper lobes, PVNC=176.4
63/F tis with Rt-middle lobe, FEV 0% =68.3
bronchi- Lt-lingula lobe
ectasis (143.8%17.5) (84.4%5.7)

* T, (sec) was obtained in the lung regions, where neither abnormal findings on the chest CT nor abnormal '*Xe
retentions were seen, in both ventral and dorsal portions of the upper, middle and lower lung levels.
%V C = percent vital capacity, FEV, (% = percent forced expiratory volume in | sec.

Shir.

B, U AMIMISRESIRD | Bl DiE M
@ air trapping DRI S 7z, Z OFTRAIAMAE B
TI3RED L N FASE I L Bbh e, R
R\ X IR SR RIE R LD & B &
SNTEBEY, ZOFBHMLBEES SO MNIE
DAEUTNOBREDEREFIMT LD EER
A0, 7 BASE TORIBED air trapping BT BN
# A PETRETHHE SN TV 52,

b DBEMRR BT LITREBES UIP
Tz EOMRAR B0 TIE, EQETIIHEIIL
BXe SADIETARLIZAH, HOPREWVEL

YRIE % FR% 72 70 o 72 (Table 4, Fig. 6). = A3 AR
LB L W EECHia Y 7947 ~
AN L T2 AR SE I PAZEIE 72 { SUEHK
MIFEFICRIN TV LREARBL TV L E
X AN, BN A A PET RA T b FEFE 1 I -E MR 2%
D1 FICEBRDIBTREN EATR STV 512,
Xe X MLENDEFYE GEREREL C 0.13) R
BMIANVF—PEVL EDOREEFHFOHIY, BN
H A PET #&75 (3 BN DS FEB BT H 5 5%
UL EEUE A LER TV L L
AEIR L7 & D 12PN A A PETHRE TRIB S -
PREEFTROVWCOPIE ER L LD 1245 @D
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Fig. 5 (A) Chest radiograph showed slightly emphysematous change, accompanied with both lowered diaphragms, in a 53-
yr-old man with bronchial asthma (% VC =98.4%, FEV, % =56.5%) (No. 4 in Table 3). (B) Coronal sections of the
EQ and subsequent WO (1-3 min) images of '*Xe-SPECT showed delayed '**Xe-washout in the right lung (—). (C)
Chest X-ray CT in the lower lung field did not show any localized hyperlucent area. (D) The serial WO (1-5 min)
SPECT images revealed segmental delayed '**Xe-washout in both the ventral portions in the lower lung field (—).
(E) TACs acquired in the right lower lung field revealed that '**Xe-washout in the ventral portion (T;,=211.3 sec)
was more delayed than in the dorsal portion (T;>,=110.3 sec).
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Table 4 Summary of the 3 patients with restrictive lung disease

59

Patient Lesion sites Abnormal *Other lung fields with- %V C
no. Diagnosis on chest X-ray retention sites  out abnormal retentions FEV 0%
Age/Sex CT (T2 sec) (T2 sec) (%)
1. KS 0134 Diffuse (—) %VC=66.3
66/F (61.1£5.2) (64.2£4.9) FEV 0% =100
2. YS uUIpP Both mid & (=) %VC=514
64/M lower lungs (57.5+5.4) (62.3%6.2) FEV,0%=171.2
3. IU Alveolar Both mid & (—) %VC=285.2
41/M proteinosis lower lungs (49.6£4.3) (60.3+5.2) FEV,0% =92.6

* T\, (sec) was obtained in the lung regions, where neither abnormal findings on the chest CT nor abnormal '¥Xe
retentions were seen, in both ventral and dorsal portions of the upper, middle and lower lung levels.
UIP =usual interstitial pneumonia, %VC = percent vital capacity, FEV, % = percent forced expiratory volume in

1 sec.

L ~50a
W 1500

EL WO 1 -
B

Fig. 6 (A) The high-resolution thin-slice chest X-ray CT
in a 41-yr-old man with alveolar proteinosis
showed marked alveolar filling with interstitial
lattice shadows in the right lower lung. However,
non-affected area was seen within the ventral
portion. Similar changes were also seen in the left
lung (%VC=285.2 %, FEV,(% =92.6%) (No. 3 in
Table 4). (B) The serial EQ (1-3 min) did not
show any abnormal '**Xe-retention site in both
lower lungs. (C) TACs revealed that the activity of
133Xe in the dorsal portion was lower than in the
ventral portion in the EQ phase. However, T); in
the dorsal portion (58.5 sec) was not prolonged
compared with that in the ventral portion (60.8
sec) and that in the non-affected area in the upper
lung field (58.3 sec).
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Summary

Evaluation of Regional Pulmonary **Xe-Gas Washout with Dynamic
SPECT Imaging Obtained by a Triple-Headed SPECT System
with Continuous Repetitive Rotating Acquisition Mode

Kazuyoshi Suca, Kazuya NisHicaucHi, Norihiko KuME, Katsuyuki Takano,
Shinji Koikg, Tsuneo Matsumoto and Naofumi MATSUNAGA

Department of Radiology, Yamaguchi University School of Medicine

The clinical potential of the dynamic SPECT in
studying pulmonary washout of Xenon-133 (**Xe),
using a triple-headed SPECT system (Toshiba GCA
9300A/HG, Japan) with continuous repetitive rotating
acquisition mode, was preliminarily investigated in 6
healthy volunteers and 23 patients with various lung
diseases.

The equilibrium image was initially acquired for 1
min after breathing '**Xe gas (370 MBgq) in a closed
circuit for 6 min, and subsequently serial '**Xe-
washout SPECT images were continuously acquired
every 60 sec for 5-6 min. As the ventilation index, the
real half time of regional activity was evaluated.

The SPECT study demonstrated the gravity-
induced gradient on ventilation in the normal subjects.
In the various lung diseases, it allowed us to demon-
strate visually and quantitatively the dynamic process
and three-dimensional distribution of ventilation
abnormalities, with or without chest radiographic
abnormalities. These results indicate clinical potential
of pulmonary dynamic SPECT of **Xe-washout for
elucidating the distribution and nature of ventilation
abnormalities in various lung diseases.

Key words: SPECT, Lung, Xenon-133, Ventila-
tion, Dynamic study.
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