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Optimal Concentration of Contrast Medium in
Helical CT of the Thorax

Takeshi Kodaira?, Kazuhiro Shimamoto?,
Hideki Hirota", Shigeki Itoh",
Kengo Itoh?, Noriko Kamata®,

Takeo Ishigaki" and Mitsuru Ikeda?®

In 99 examinations of 89 patients, we took CT images of
the chest after administering one of three concentrations of
contrast medium (iohexol 140 mgl/ml, 240 mgl/ml, 300 mgl/
ml) to determine the optimal iodo-concentration for intra-
venous contrast enhancement in spiral CT. Attenuation
values of the superior vena cava, ascending aorta, descending
aorta, and pulmonary artery were measured to evaluate the
degree of contrast enhancement. Five radiologists judged the
image quality by scoring factors such as vascular opacifica-
tion, delineation of the lung and chest wall, detectability of
calcification, lymphadenopathy and pulmonary nodules, and
the presence of artifacts. The relationships between the
iodo-concentration and the scores were analyzed statisti-
cally. The higher the iodo-concentration of the contrast
medium administered, the stronger the vascular structures
were opacified. There was also a concurrent improvement in
the detection of lymphadenopathy. However, artifacts
appeared on the administration route as a result of the
high-corcentration contrast medium, and the image quality
was degraded. Among the three groups, iohexol 240 mgl/ml
exhibited the best performance , namely, good image quality,
so that a high degree of contrast enhancement of the vas-
culature was obtained with few artifacts due to the contrast
medium. However, we believe that iohexol 140 mgl/ml pres-
ents no significant problems in routine studies.
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12 Bif7% image BB 5N 3 Z & b BIKIGHE Lo
26507, ZoIIL D, KEE CT Tl NEE o
REOFHMEIC DWW CHE I N TE 22579719, FkE Tld~
JANZAX x> OfERIGHE L, EEgloRsREing,
W) % &5 o) phase TSRS EOWELI TR TH 52 &
HHES T 32799 Bl CT |2 kB [ o 540 i
WAIREOUWEF b v, dynamic scan ¥ JGH T 3 RAH
& 1o

ZOF R~ B CT Iz h LIER CT TodEiskid
R, ERARGELZBERL, AL ERMRIELNS
Z &3 Costello 512 L D HES N T W BHM, ~1) )
CT TOERAEBMIREIC D\ T OB I EHE v, K
WFETIE, MR CT OB HE & 7% 5 EiRE &
ka7 —F 777 Mz, AROBEI—-FETEH
LTIEANRERD - E R TH 2 MR L 72,

1 Foemn 1) A 7 X ol s
L. 7Z d IV T L

MR B L UHEk

T 1992910 H 2 HA 6 199344 H 16 H £ Tic4
i BAEEATE W EE Thodhad s CT 25T L 72 89 A, 99
ThH b, EHOWNRITEER21 £, 144, FLE3
&, B osfE 445, KEMRME 144, Hraq F—
A 24, FREGIRIEMGRE 1 4, ML 2 2, WiPkEE
B 234, £ D5 % THH, & H T iohexol
140mgl/ml, 240mgl/ml, 300mgl/ml T& %.99 {4 % %
ISR 2z 35, 30, 34BliciRY o) 72, &#ED
Fip, HREIZRICRL Iz (Tablel), &#HOFERE & U“ﬂi
EiIWiNo 2 BHIZBWTH L 2 Ho t-BsEi &
AEEIREOLN L -7 (p>0.10). R L :f:ﬁﬁﬂi
HZ TCT-900S T, & EE 120kV, % % 150mA, 2
74 ZAJE Smm, 7— 7 WFE) Smm/s DEL T~ A
A2¥ ezt ) lEAn L) RF~? 145mm % 29sec T
P Lz, BUWEE L LEEANIL 60ml %, AR 2ml/s
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Table 1 Patient information for each group

Total 140 mgl/ml 240 mgl/ml 300 mgl/ml
Sex
Male : Female 53:36 21:14 18:12 23:11
Age
Range 21~83 21~83 21~-79 21~77
Mean=+S.D. 56.57+15.64 58.54+16.03 54.83+17.32 56.09:+13.83
Body weight
Range 35~72 35~68 37~72 40.5~72
Mean+S.D. 55.2+8.39 56.524:8.24 53.75+9.23 55.38+7.71
Table 2 Case record form used for survey okEE, ARLOFHE, RSSO HEE, ) o HiOEE

A) Vascular opacification
1. Excellent The best quality of vascular opacification is archived

2. Good Good quality slightly inferior to “excellent”

3. Fair No disturbance is found on diagnostic-quality,
but slight insufficiency of vascular opacification
exists

4. Poor Insufficient for diagnosis

B) Suspected cause for insufficient vascular opacification
1. Insufficient amount of contrast material
2. Cardio-vascular disease
3. Venous occlusion or stenosis due to mass lesion or thrombus
4. Others
C) Artifacts
1. None Artitacts cannot be seen
2. Slight Artifacts exist, but image quality is acceptable
3. Moderate Artifacts exist, and disturb image quality a little

4. Severe  Severe artifacts are noticed, and insufficient for
diagnosis

TA40ml AL, BEEEAEE lml/s THRE L7z, &5
FERRHEOFEK L D 20G F 7213 226G B EEH» 6 BE)
WAL E HWRE L, sy 20 g 5
1T 7z, E{EHEHERIE 10mm MR TTV, fiEhE, R
4% E# % window ZRGEMHT7 4 v bICREsL 72,
VR REli 5 203 CT it & S EBRTH 5, CTE
& BRIk, BBhAR, EATKEIAR, TATREHAR Z MfShARA
BOLV-~LTEHI L 72, SEPIOHEIX 7 4 VA ET 4 AD
B BREEME S &0 5 AoBU®EHE (NK, KI, KS,
SI, TK) 2k W UTFiRTHEHBICOEHE L7z, #HaE
HiZE#ANICRIRT 2208013012 L -~ LB I D
THMEt M2 7z, T4 b b EMtRAnE, MifngEonsE
MR (LUTHRRIC R 2o WA 7 L E i LAk, Bif9o
EWHRD BT ERREET), T—F 777+, il

fiti, MgBEmE, KAMEEFHETH 2, SEDEE - &
WMz A sy 7 TlRBSBRUNOEIRIZIE E A EiEEHR
PERLNLWDT, LHEROREMEE L 133 B EhIR &
T D1 KAy H, MR %2 f48 & L7z, TP o Efsh Rl i
WA SERIC L ) THi#kE THX—TE T s
H% <, FIChiMERMBIIROERIRE R E L, £H
Hiz # 2N 4 DOFHiiE I 5 S 117z (Table 2), #
AR TR R LEN T B LEZ 57z excellent LIt
FHli oA I E N FNERRDOAR & - 2RI
WTHRET L7, T—F 777 FTlRZALDE DOHFR
HDHENTBRICE, ZoOMMEREICOWTHEEKL .
(Table 2). 7—F 77 7 b 0MatEpfrid # @R % 4 o
DV RG LIT- 2. T b bbEfko ), BisE
Bk & SRR, SUEAWEA M, WML D TR
DOWGH TH 5, HEH I TR AE R OB
MsENLh o, ZaT oG EEROHEE T
L7z % ZDfEF R & L7z, BuigdEE T E 2 0%
IS, BB SA T ADVERTE L O TEBRMES S
D5 BB TEHUEO—BHRLN T WEHAIBRA L L
2. BAEORIETIE, RiGZE&EL 2. 2& KH0F
G, JLEE ) NEBIVER SR AR ICEOER L 72, KRICB
W 2 Ea 2 5 FH%E 13 oneway analysis TT - 72,

& ®
FoREEIR, AT REINR, TATKBIAR, M@K ER
KoLz 517 5 CT ek S % Table 3 I27R T,
WA X CTEOMICIZ, FHILzwWTFhosThe
FICHEBBE S L (p<0.0001).
PR EBNC L 0 ARSI X IV ATl o [H T/ 8 2o AHBY

Table 3 Attenation values of each point

Concentration CT attenuation value(H.U,; Mean+S5.D.)
(mgl/ml) SVC* Ascending aorta Descending aorta Pulrnonary artery
140 218+81.3 137+26.0 134-£28.9 131+£28.6
240 279+111 178+£34.0 173£31.7 160£52.2
300 339137 198+231.6 189--29.6 189£34.6

FHLTE2A25H

*SVC=superior vena cava
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Iodo-concentration versus clinical evaluation of wvascular opacification on the

upper mediastinum and the pulmonary hilus

Concentration

Clinical evaluation

(mgl/ml) Excellent Good  Fair Poor Omitted
140 16 13 1 0 )
Upper mediastinum 240 26 1 0 1 2
300 33 1 0 0 0
140 14 9 3 1 8
Pulmonary hilus 240 22 4 0 1 3
300 30 4 0 ] 0

BRIEED bz iz, Lt OEREIE, Mo
R, BMEEMAICILZT—F 777 F (WEBRED -
¥, B L UBEFRD 5 SESBER O L ~L), ) o

DR, 7 L THRERHETH - 72,

Lo, MMoEEEn LB 22T %
Table 4 i2/”7, LFHtREOEZDRIZMED FA L 2 iz
A L, AR Z2HEBIBERAR L iz (p<0.0001).
MiFg &R & MBED T L A R A HEBIBIR A L &b e
(p<0.05). FHEAEFANMWEINKC %4 2 L FREEOFHED
=B H8 | 72, 140mgl/ml BE T3 _L#ERRSE T 35 1
t 5B, BFIERT 8 Blic @B & L7z, 240mgl/ml BT &
55 DFHE L poor TH - 72 1fliE, ZLHH8, HEN
AR DR T, 4 BIOMRETT BTl LI ED D - 72
TEFITH D, FWEHOREINC B W TIE &R TR
Dighr o2 lgE R FNFNFig . 1, 2, 3IRT, 3200
BRI T 2 A TR R DA +5 TH B & FHl & L7z £E B
# Fig. 41279, -#itha, WMo ish® T good LITF &
H5E & N2 BEOHER S - BEFR % Table 5 12777, _#itha

ia

Fig. 1
(DeBakey type 2). Scan were performed just above the aortic

Helical CT scan in a 69 y.o. man with dissecting aneurysm

valve. The intimal flap (arrow), the right coronary artery (wide
arrow head), and the left coronary artery (narrow arrow head),
are visualized well. Note that “streak-like” artifact exists around
the spine and the ribs. (300 mgl/ml iohexol, B.W. 76 kg)
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Fig. 2 Helical CT scan in a 69 y.o. man with squamous cell

carcinoma of the left upper lobe of the lung (T4N3MO0).
Hypoattenuating mass on the left pulmonary hilus is visualized.
Tumor invades the left trunks of the pulmonary artery (arrow).
There is a lower attenuation area in the lesion thought to be the
turnor in the secondary atelectasis (narrow arrow heads). Besides
the superior vena cava, a slight artifact due to high-concentration
contrast medium exist (wide arrow head). (240 mgl/ml iohexol B.
W. 55 kg)

scan in a 50 y.0. man w1th medlastma]

Fig. 3 Helical CT
lymphnode metastasis of short bowel tumor. Hypoattenuating

mass is visualized on the mediastinum. The superior vena cava
(arrow) and the trachea are compressed by the mass lesion. The
shape and the vascular opacification of the aortic arch are visual-
ized well. (140 mgl/ml iohexol, B.W. 68 kg)

HAARER 4 $55% $35
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Fig. 4 Helical CT scan in a 65 y.o. woman of non-Hodgkin's

lymphoma who has mitral regurgitation. Marked cardiomegaly is
noted. Vascular structures are not opacified clearly because of
insufficient amount of contrast medium. (140 mgl/ml iohexol, B.
W. 45 kg. The scores of vascular opacification both of the upper
mediastinum and the pulmonary hilus are fair.)
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DIERRR FHili D TH B CCH BE R SR Tl E IR B
DEEE LT, 405 HkEBYNI4 20 ThbE
ZREGR/OIFRL T2 e FZ N bOHHL- 72, 8
12 140mgl/ml Tl EPar < icfgi s nz, P ok
MEDA RO L IZITR RO A58 5 iz, bt
R, B &feshRadifii T, 227 & &itills oz
CTfEnMIziZ A 2 T AhEvi3 & CT A\ & v 5 4B
L7z (Table 6 p<0.0001),
LHEFEOEMGED 2 3T LIRKEOBRIIBED A7 Bt
CHEEISROBYE W) HBEBEFRY»R L N2 A
(p<0.02), MM OEFEED 2 2 7 134KE & HEEE»*R

A e :?‘: (Tahkla 7)

HREDEREDIHDOT—F7 7 7 M3, 4BECHT
gl ) bTLEFD 2R, T bbERER LD L
7, BEEEERIRD & RE GBI O D 2 -2 v~V TIERA
WEDF NI EZ DG RBOBHERNDT—F 77 7 b dF
FELWwewnokRTtho7z (Table8), WESKE D BF
DFEAL (p<0.0001 Fig. 5), Busdilis & S5 BER o f
(p<0.002) & LEHABELT—F 777 PO i

Table 5 Suspected causes for insufficient vascular opacification

140 mgl/ml 240 mgl/ml 300 mgl/ml

Upper mediastinum

Insufficient amount 14 1 0

Cardio-vascular disease 2 1 0

Venous occlusion or stenosis 1 0
Pulmonary hilus

Insufficient amount 16 5 0

Cardio-vascular disease 3 0 0

Venous occlusion or stenosis 0 1 0

Table 6 CT attenuation value versus clinical evaluation of vascular opacification

CT attenuation value (H.U.; Mean+S.D.)

Clinical evaluation SVC* Ascending aorta Descending aorta  Pulmonary artery
Excellent 3054123 182+35.8 176329 168:+36.2
- Good 193454 131+19.4 123+£25 127+279
Upper mediastinum .
Fair
Poor 118 101 120 102
Excellent 3124126 187+33.5 180+32.2 173+34.3
. Good 236+66.4 148+23 147+£20.8 140:£25.2
Pulmonary hilus . N
Fair 157443 125+16.2 104+38.3 108:£26
Poor 95 87 84

*SVC=superior vena cava

Table 7 Body weight versus clinical evaluation of vascular opacification

Clinical evaluation

Body weight (kg ; Mean+S8.1.)

Excellent 53.4+8.30
Upper mediastinum Good 60.6+7.20
Poor 53.0
Excellent 54.6+3.52
Good 51.8£8.77
Pulmonary hilus
" A Fair 64.0+5.66
Poor 57.5%6.36

ER 742 A 25 H
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Table 8 Iodo-concentration versus grade of artifact due to high-concentration contrast medium

Concentration

Location None Slight Moderate Severe Omitted
(mgl/ml)
Ahove the 140 10 23 1 0 1
brachiocephalic 240 3 14 10 0 3
vein 300 14 12 3 5
Between the 140 33 2 0 0
brachiocephalic 240 22 7 0 0 1
vein and the carina 300 15 12 2 0 5
Table 9 Total assessment of image quality in each group

Fig. 5 Helical CT scan in a 23 y.o. woman for screening of lung
metastasis of invasive mole. A conspicuous artifact is shown on
the right subclavian vein caused by high-concentration contrast
medium. (300 mgl/ml iohexol, B.W. 52 kg. The score of the
artifact is severe.)

BIBtRAEED bz, ZDELDIMDOT—F 77 7 iz
DWW TIE, AAEAEE A S P o [ T slight @) R4 A¢
300mgl/ml BT 2 PIBREE I L7z, FiliZe E AL 720
DT —F7 7 7+ O L ERAME » oMICHEBIIZR S
% - 72, moderate DFHMiIE, BidAFRIRD: & 508 5k
T 140mgl/ml #ET 1 4, AR A S il M o [
TR LNz, W, BN 7—F 77 27 FiE4E
DR T, Fo(BEEN L -2, KEDMK, K
EhARFE, HEFRIESE 2 2 ) mass lesion *PHWEE A DD H 7
EDREBIZIZ, “streak artifact”’2BEEE iz, ZHT—
F7 7 7 M L MHEBMRIZR S NT, slight @ FHil
24K 9, moderate R 3 Flic L% S 7z,

) > @ DFHEOEE TILEMRIBES R ITE Z DR
i <, MmFDEICHBEBER» RS2 (p<0.05).
13 & A & DF5EH] T excellent, good O & FEiAsE LT v
f—n

NhAER G, A IRAG -G,  Hifidk i o> IR oo S,
Mkt EHEDITAEH TIZE & OMBEBERIIR LN H -
7z,

A B EHE FEAT ¢ 2 s SR EE AT I E RS BRI o
ZaTHEL, HEBR ZES 5 (p<0.01,
Table 9). fair LT OBV TH - 72012, WEENEIC
ZNENS, 1,140 T 140mgl/ml B 2 B % » T \» 72
excellent i Z 240mgl/ml BElz 5 £ - 72,

22

Concentration . .
Excellent Good Fair Poor Omitted

(mgl/ml)
140 5 22 8 0 0
240 9 18 0 1
300 5 28 1 0 0

ARG R ROMEE, PRI DWW T &R ME I3 8
5Hi{% T paired t-test i &k ZMETHEEBZI RN D
o fz, EHAI DY & ORFPIRIZFH X Nich - 72 h 8
GO M A A% 240, 300mgl/m] 7 &#ET 161§ D@L
SNz, BREALE 300mgl/ml @B T L Hi 1% T paired  t-
test Iz £ ZMETHEZEIR L7z (p<0.05). 300mgl/
ml T 1 LI PRif o LA g & iz,

MAEHOBRIZE LHHFZ 2ERED L DD 240mgl/ml T
2, 300mgl/ml T3HlH -7, BZic L D@ Tah
BT 140, 240, 300mgl/m]l H&FT6, 11, 14
BT H - 72. 140mgl/ml > B O #B& O F& 4 9 E 12
240mgl/ml (p<0.05), 300mgl/ml (p<0.01) @iz *f
L THBEICED - 72, 240, 300mgl/m] @ EERIC 12 H 5 2
BEDEFRD L -7 (p>0.05), &Ehiid4H DM
TR 1IFILBEI N -k, MELETSEIERIL
300mgl/ml BT 1 Blic ¥ 5412 BhPA, REELMHBES
1, steroid #5217z,

A RIOFET TV N FHli 7 8: T b B R A 0 I & 3
RIS AR E AT T SN TH - 72, iR
DEREIT IR ENEEH TL BB L RARETH - 7225,
NP DIERERED 2 2 T I IE A E A < 7 213 & iR
ROFRDHMEDMERA R S L, Lb LY RO
IZBWTEBY 25D 5 O30T 2 Bl IR R 74
I3 % RNz,

TR ERARAIET T 5 LB ROHEICTEED
REER, SERANROR LN, FUMREOIN A EHRb i
W22 EBbiz, L L, “EEEL” SRR
23Tk KB LHBCTEE L (AL TH Y,

HABERSE #5548 H35
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i LTRE LB -2 b b,
EEIREARORREIZ G - WD I I TREZR
ERHITRELTWieZZ NS T2, 22
D& iz, CHERRBIIRE L & AERDIERA D 55
BREEMROTR BRI k-2t BbE,. L
G AE L RE O M CtaT e HABIBIR R s iz 2
i3, #5EMADKREIMEERMBRICHLARL Tz
ZEDEIEHAROBERTH -2 BbiL b,

—H i DERRE CTHE L BIRY TR S N h - T2 D3l
BB DIRERREDWE D I 4 2 > I HEHTE L WER
o720 ThHHH, KENSWEE, #BRE EEE

=7 ﬁg:ﬂ-m-ﬂﬁ' FolrreldHLE S EE L LIF 2 P HE LeE 7 4
H 7 @aG-BYAKE < C WIS TR LY o WS A a0 e U

DD, FbFRINISEMETL 725 LR BEN L
#H1 140mgl/ml THIZITRIT L EMRIB/LNS &
EZbND, ZOBRSI—FRIZLTHIC84g T, &
# @ 300mgl/ml @ 100ml $¢ 555 o ¥ & 30g D b § 4 28
%4 X7\, helical scan 2 v 3 2 & TR 5RO KIE
LIMADTEETH ), EhELEREIETOR S 1 5 mEH
THEEHOBRGEL2BHERT 2 Z L F L WESTD
REBEDWIGHHERTE B L35 2 512207,

T 28HE T AR, BEEERRIR, EKERZE EomiENDE
BEOEXKIDIHELZT—F 77 7 | piiEHloBE
FHETIIYRETHY), BEICHELF I EPLLH
BEMENEZEE L, Frcighsich2b B A X
v CIRMAIC L ) HARE NS LIRT & HI D e 5-
BLTTP—F 777 LTHESN, BoREDERH
T, EEHMESEN L LEEENHILIC D% D> T
7z

A L BTl 2 5 4 28D, 2, 5,10mm B

LENTwW3, Hall, ~VANZAX%>TiEAZ74 ZABD
548 » 7¢ 3 the full width at half maximum (FWHM) #¢
274 ZJE 10mm, 7— 7 V8 10mm/sec D HEEEIC
20~30 %W Z & BEEL 0N, fRiGS), Z2HSEREE
HERFT B 726 5mm DA T A4 AJETT— 7 NFE) 5mm/
sec DI EMBE L 72 72 OIS HPR I FIBR A2 L 72,
F 7o Z DM TR % WTRE LR D IR & 5 LEEWRIZ
150mA ifilBRE N, 274 ZE, FRBOHIRLRE &
BbhnsmEefbyBEI N, DF D KE 7 mass
lesion %, MEFALERDE 2 & ORFIZIE, “streak arti-
fact” BRI N, MEEDEECH DG IC X2 EL
AL E LN, T 51T helical scan DfEICHEK T
530 TIR U, BMELZBEEELSS/NEOETEL
b L2z EBEbN3®, ZhbidFEko AR, #l
M EOSRRIC L Mg o Bl & THREL Y 2 LR
bils,

AEREE L 2 Hik T, HBEBRORES LN h o7z
MOMEIIEE, T 7% bbb, ARG,
*EE O EE, MWEE D I3 ERR L RIE 720 v i v B A
ST,

ARy EVE 2R T 12 240, 300mgl/ml @ 2 BEIC 1 EVE

FHTHE2H2BAH
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S AR S Lz o c i LT, 140mgl/ml DB Tld 45 1/4
@ 8PN EER LT EEEH D v FHiiATS Nz, &
OWREPERTT 5 &, OpeB 1B, BhIRE 2 B, MRl
26, ZEOMK LB EHH Y, OILEROLEBCHE
DG Fil O EBPEE A E RN LS o2 & b
72, F2ZOBTOFEEAE 60.1kg KR L DE
(, BERARDOBER E o2& Bbie. &R
LIz 8l o THE I R3S L TWwWie - 72,

L L, o 3/4 B Tlid ~FHlidF S, ERBE L&
RIS R L & 2 b N7z 240mgl/ml @ 60ml # 5
(M3 — N 144g) LVHBTEL M D5 2 Bb

47 Z
qLet,

ERHERROBEO MBLIC L, B5HES, S
B, REEKICL > TH2 L VRIS L VHECES DY
AROFFERITFRE NAEHENTH 5202929, CHR LI
EHRE DB BIEHORESHEL TS L) #t
HIXR L N wpe»d), SEOE 2 OGS TIRERLH O R
EAEWITE, REROBBIIERL 2. REGHIROM
FE, BRIGCIERBEIC B L 22 BbnskRiIBosny
B2 T, BREMOKTIITHOBRE T MEILZ W
LBbhiz,

& £

MR CT iz~ ANA X v 2IGH L, BeERFNOE
WERRIME I O EMET L 2. 4 RMER L 72 140, 240,
300mgl/ml o fifi Fil i §2 51 ) 7c A Tl 240mgl/ml o 8L 5%
FE L 2EWERESR LN, RSO FIRED
WA L 2T —F 77 7 F BRETH Y 5 FHliHTE S
572, L L 140mgl/ml & v 5 {Ew M EE T b BRI &
BEORMBIZE LW EEZ b, BREROTEMEICD
WTIEA RO TH L HEBOEIRLN LA - 72
Y, IRIREEE R OB TRBEDFEERISMZ LTV
72, MEREE CT iz~ AR X v 2ATA I EIC L
N, EEFIRSREEELT S EHRET, REEBRIK
BEEAL, TetEoml, REROERHTFHE TEMH
DEMFBAERTE B EBbNS,

ARG O—IBIE 8 52 [ B AR ESFE AR (1993 4 4
B, #E) loBwWwTRERL 2,

i [

1) Tello R, Scholz E, Finn JP, et al: subclavian vein
thrombosis detected with spiral CT and three-dimen-
sional reconstraction. AJR 160 : 33-34, 1993

2) Zimmerman RA, Gusmard DA, Bilaniuk LT:
Pediatric craniocervical spiral CT. Neuroradiology
34: 112-116, 1992

3) Suojaunen JN, Mukherji SK, Duphy DE, et al: Spiral
CT in evaluation of head and neck lesions: work in
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