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Digital fluorographic imaging of local lung ventilation was attempted using nonradioactive
xenon gas as an inhalation contrast agent.

In experimental studies, contrast resolution of digital fluorographic apparatus, DAR-100 and
DVI-II, were evaluated by using wedge-shaped box phantoms: image subtraction of two phan-
toms, one containing 70% xenon and the other containing air, revealed xenon attenuation when
the thickness of 70% xenon layer in the phantom was more than 7mm (DAR-100) or 4mm (DVTI-II).
Another study using a real-sized chest phantom showed that tidal volume inhalation of 70%
xenon was enough for the imaging of xenon distribution in the lung.

Clinical study was performed in 25 patients with lung cancer: air inhalation image was firstly
obtained, with subsequent collection of continuous images after the initiation of 70% xenon
rebreathing for approximately 20 seconds, then subtraction was carried out and images without
misregistration artifacts were selected for the evaluation of xenon attenuation.

Xenon attenuation in the lung was noticed in 23 cases (92%) and not in 2 cases (8%). Xenon
inhalation images were compared with Kr-81m scintigraphies in 14 cases with hilar type lung
cancer. Ventilation defects were detected in 7 cases by both techniques, in 3 cases by scintigraphy
alone, and no defect was shown in 4 cases by both techniques. Sensitivity of this method depended
on the degree of attenuation and was impaired by misregistration artifacts, therefore deep xenon
inhalation without any movement in body position was important.

Although dizziness with short duration was complained in 2 patients, no significant adverse
effect of xenon was encountered.

This technique could easily reveal ventilation distribution and defects with good resolution
and was useful for the evaluation of ventilation involvement by lung cancer.
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Fig. 1 a) Wedge-shaped phantom made of lmm thickness acryl plates. Two
phantoms are prepared ; one containing 70% xenon and the other room air.
Subtracted images of these phantoms, using DAR-100 (b) and DVI-II (¢), show
xenon attenuation. Profile curves of the subtracted images, obtained from DAR-
100 (d) and DVI-II (e), reveal relationship between xenon layer thickness and
xenon attenuation.

V. EREREORRZR
a) &L S TICHE
WL 19844F 1 B X b 19864 7 A ORMIMFE K%

AT SN L 7o s, SRR 1 BE 050
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density curve Ti¥, 70%Xenon =R ETla-7
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ez (Fig. 20).
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Fig. 2 70% xenon is inspired into left lung of a chest phantom (a) at 50cm?/sec.
b) Sequential (1/sec) images of the first five seconds, obtained from DVI-II,
reveal xenon attenuation more clearly as xenon volume grows. ¢) Changes of

xenon attenuation in the left lung ROIs (No. 1, 2) are demonstrated by APU
with two control ROIs (No. 3, 4).
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Table Patients data and the results of ventilation imaging

Digital Subtraction Image Scintigraphy

Patient Age Sex Histology Type
Evaluation defect System defect
1, T.H. 57 M  small It H () (=) DVI-II 4+
2, Y.F. 4 F adeno it P (£ (+2 DVI-II (+)
3. A, 1. 57 M squamous it P (+) (+) DVI-II (+)
4, T.K. 54 M small It H (€3] (+) DVI-II (+)
5. A, T. 5 M squamous 1t P (+) (+) DVI-II +)
6, T.U, 42 F  small It P (+) (+) DVI-II
7. 1.1. 77 M squamous It H (-3 DVI-II +)
8, K.M, 58 F  small rt H (+) (+) DVI-II +)
9, M,I., 72 M squamous rt H (+) =) DVIII ()
10, ALK, ™ F  adeno rt P (£ (+) DVIII
11, T.I. 80 M sgquamous It H (+) (+) DVI-II -+)
12, F.A., 69 M squamous It P (+) (+) DVI-II
13, K.S. 57 M small rt H (+) (=) DVIII (D)
14, K.H, 68 M squamous It H (+ +) DAR-100 -+
15, M. U, &4 M squamous 1t P (£) C+) DAR-100
16, T.M, 73 F adeno it P (+) (+ DAR-100 (+)
17, S.B., 63 M small It H +) +> DAR-100 (+)
18, T.T. 73 M adeno rt H (€3] =) DAR-100 )
19, S,F. 67 M  small It H (+) (—2 DAR-100 (=)
20, S.A., 58 M small rt H +) (+) DAR-100 (+)
21, S.N, 50 F  small It H +) +) DAR-100 +)
22, T.S. 51 M adeno it P (=) DAR-100
23, T.K. 5 F squamous It H () (] DAR-100 +)
24, I.M, 48 M small It H (+ (= DAR-100 =)
25, T.O0. 69 M large rt P () (+) DAR-100 (+)

small=small cell carcinoma, adeno=adenccarcinoma, squamous=squamous cell carcinoma,
large==large cell carcinoma, H=hilar type, P= peripheral type, Evaluation @ (+)=obvious
attenuation with minimal artifacts, () =attenuation with moderate artifacts, (—) =no attenua-

tion

#E 12 DAR-100F 72X DVI-II #FA L 7=, &
HEOFERUTO®BY ThbH., FTHEELRY
& ETHBEAL & L, %ki22,000~3,000cm’®D
70%Xenon F itz Lic = 283y 7%, =HiER
AL THEREOHRICEE Slc~< 2 7 LER
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M 2T L C70% Xenon & 3B SR X
Z D10~ 20% i 12 H 5 19 7 BB e 47 78 - T sub-
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IJ) TER

BHNC o NTDFEREMEFOEFHRE LT
misregistration artifact DEEIZ X > TLL T D
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Fig. 3 Case 1. A 67-year-old male with squamous cell carcinoma. a) Chest
radiograph. b} Xenon inhalation image obtained from DAR-100 shows de-
creasied xenon distribution in left 5° and lower ling field. ¢) Ventilation seinti-
graphy using "™ Kr gas revealed similar defecte,

EAEESEGLD, (28BS KA arti AECTHITFCEEETF v LSRR 26 R

fact DL & b0, (—)ERITHRE 1t TRORTHEDLY, chbld~NTorvessrs
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() 11l (44%), (=) 228 (8%) TH - FEIFRI L LT HBE B - 2807

= (Table), REWA54L00 20 (8%) dotodl, deme
FHIEEHELI0M O 5 SO FFETEE - 9 it e o Lo TRAEETIehcEEL L

ALEERIC-H L TEEoE T it Znts, c)] EFET

IS5 5 S MBI RETIETS b, EFL, 6TRBMHE (Fig 3,

FE DRI R 2 FRICIT - 29"Kr # = g 7 BB O R P L BASTER. IeslstF vz

WAL S vrrs 7  LHELE ERfolA 2B 50, FKHEINTz iRy
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4B R oy, DAR-100IC & A70%Xenon A 6 P ol B s, ETHEC ST
Tit, BiEFoEiirimmg e, T 2 UTREF TS, NMEEECRTROMBRSELL LA
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Fig. 4 Case 2. A 63-year-old male with small cell carcinoma. a) Chest radio-
graph. b) Tomograph shows severe stenosis of left inferior trunk (arrow). ¢)
Sequential images using DAR-100 show the change of xenon distribution and
consistent defect in the left lower lung after the initiation of xenon rebreathing.

Defect of #"Kr gas (d) and trapping of “*Xe gas (e) are noticed in the same
darea.
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e lc L BB v F 7 7 7« T, FEIKC
FhFEheifl: ) F v wRIEDIC,

fEM 3, 56 (Fig. 5.

£ FEBSORTE FAEMER, MBS T
14 LB S6em oA 60 5, DVLEHI
i ABAER Rl ELTABR, £
DEEE artifact Iok - THEEE A TV-S,

SEM 4, 44t (Fig. 6),
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# F\+7- Bjork Bo#iEsrs 5", Zhid Xenon
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3k HBHE Nenon # & iC k 5 RFTAER T

AR, 18 SRR ER 1o T 2080 0 P I
& 2EFES LE AR, EREEL LTOR
BEEZ Livatz, $hshsdBlcihitkT
14 % 7 digital fluorography 1= X % 20Ok
BLMEIATVEY, ChbHEHLTEELD
F 1 DSA % | & B\ 7= digital fluorography
oL 2 RFiRSEECcH S, CoBe, FRM
[ e I* & artifact e K oBS £
7o L AEE L, SEEHEREEIC contine
cusmode ¥ WA LT, chiHdLi, EiXR
fmeci, HFo&EEiovwTt7r ¥
BT 20 EH L BN TR L 7=,

a) RBOWRIZ20T

HBAYHER 1 Io3 T, 70%Xenon 8o HIRHY
B IR %12 DAR-1000# & Tmm, DVI-II oISy
mmirh, BEFRETDVIISNE S 5T,

-+ DAR-100T 1 ~2cm® ¥ X =3\ T profile
curve DA LRI BHRSH, CORBICEL,
< 70%Xenon S W EHMICEETS =X

- M
W

- & B

ab

Fig. 5 Case 3. A S6-year-old male with squamous cell earcinoma. a) Chest
radiograph. b) Xenon inhalation image using DV I-11 shows ventilation defect

due to the tumor,
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DVIIIX b $@e 2 Hh 5, ¥DAR- 100D
Ho, ERERRESERICHECE D HMWM
SEETHESIOIHL, DVLI T, kST
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BRICL T, BHBRO—BoRE L LB
DB TTEE L Bbh s,

AEER 2 LRl 7 7 b — A0 B
Slem* @ % Lcie, Lo iiime

IV TFA
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RPREOBIENTERE, COEEHANESL
FREhToHLTWA LEETHIE RO
Xenon BER#1.7%, BAXOf#EMIL13cm T

fib

Fig. 6 Case 4. A 44-year-old female with adenccarcinoma. a) Chest radiograph.
b) Xenon inhalation image with slight misregistration artifacts, obtained from
DV, shows ventilation defect in the left lower lung. ¢) Similar defect is

noticed by scintigraphy using *"Kr gas.
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