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Multislice CT of the Thorax: Effects of con-
trast material pushed with saline solution using
a dual power injector on contrast material dose

and perivenous artifacts

Ryuzo Sekiguchi', Shigeru Nawano",
Mitsuo Satake', Takayuki Hayashi,
Koji Murakami', Katsuhiro Nasu"
and Yutaka Nishiwaki?

A new method of power injection of contrast material flushed
with saline solution for thoracic multislice CT using a dual
power injector was evaluated in 105 patients.

The patients were categorized into 3 groups of 35 patients
each, according to the protocol of contrast material
administration: (1) 100 mL of non-ionic contrast material (300
mgl/mL), (2)75 mL of the same contrast material, and (3)
75 mL of the same contrast material flushed with 30 mL of
saline solution.

Scanning was performed in a caudal-to-cranial direction. Mean
attenuation for the three protocols was measured in the su-
perior vena cava, pulmonary trunk, ascending aorta, and
descending aorta. Vascular opacification and perivenous
artifacts were graded using four-point scoring by a consen-
sus panel of three blinded radiologists. Intravenous injec-
tion of 75 mL of contrast material flushed with saline solu-
tion provided significantly better vascular opacification in
the superior vena cava (p < 0.001)and pulmonary trunk (p <
0.02) than that provided by a 75 mL or 100 mL injection of
contrast material alone. A similar degree of enhancement was
observed in the ascending and descending aorta. Further,
perivenous artifacts in the subclavian vein were significantly
reduced (p < 0.05).
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EERLCTIC BT, BADOIEHEZE &M T/-D12138
Y2 EEADERBEARTRTHY, FOHEEFLHRERN
I TR > T AYY, —MRICHEEIC & A HEBR Y > /38
JRE IR < L4 5B ORHIE 247 5 B fy, Bl d & MRS o0 F Z il
BERZHEICHB T 2 0 EEOE/-5HWTHS. L
A LIS RCT D BdEF A ROV TiE, —EDRMEE
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BRI SR OWEAET T 57280, BOSEEOME 5
MR EZWEEHERT L, DRV ERRITHS
LEWHEOEESE O N AN S S, Lo LIER
PR 2 TERDCT L [AEE L L7356, EA SN EEHAID
METHNS N DREMbER L2012, EFAICLS
HHREEOT7 —F 777 FASRCHEBALTLE LI
MEBELAWEENDH L. SHbhbhE~<VF RS A
ACTZ v, #EAROBEDTEEMEICIOWT, /o4
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HERBLVFHE
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7o, F NEDAR ZEHeHE 2 CT angiography 7 &, #5507
O s 2= TOEHNIE L SN S B L. B
Hid75 130015 1 6), FH4EEIL63.4+11.35% (20~864%) T
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BAEEMAT L2, 3OS0 b3 —)V%Table 1 IZ7RT. 3
Hixeh I m2ssl, L6, F3561C, wmEHlE
100mLEE (70 b3 —IVA), HEEAE7SmLEE (7o ba—
JVB), 1EEANITSmLIZAEIREIEAKIC X %K — 7 2P0
(7o ba—nC)Ths. 3 HOER(TO FI— VAT
62.6£9.15% ; 711 b 2 —)UB F463.6+£14.05% ; 700 b3 —
VCFH64.1£10.65K), FR(T0 Fa—VAFH
161.1+7.9cm ; 7'80 b 2 —)VB¥44161.849.4cm ; 7’0 b 2
— VCHH#162.8+£9.0 cm), HRE (70 Fa—VATFEY
57.1+8.5kg ; 71 F 2 —)VBF56.8+10.4kg ; 71 b I —
JVCHH)57.5+£10.6kg) 12, FEMFHATZEIIZD Sk h
- 72 (Bonferroni/Dunni |2 & 2 £ E L EHE % Hvy, A%
7KH#E0.05 12 THE) .

Hwiz= 7 25 4 ACT%( I3 Aquilion multislice CT (B
EAFAANKTR)TH L. |MFEMEE, XBEET
135KVp, X#EEIL150mAs, AF v »HIX0.58/ Mz
T, A7 7 %M@3mm x4 5], N)H)VEyF55, @
FEHER IS Smm, TR M RE Smm e L7,

NI —A T x5 =%, =PIy ZAA-50 (RAE
MRE) & — PNy ZA250 RAEHE) D 2 B OEE)
HEAZRE 1 RO T — LT3 2 72dual power injectorib i % /E

L]
Each injector holds a 200-mL syringe. One syringe was filled with

Fig. 1 Dual power injector.
a nonionic contrast agent, and the other, with 0.9% saline solu-
tion.

Table 1

Protocols of the contrast material administration
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B LE W7z (Fig. 1), £nFho BEhEAZRIF200 mLoO &
N TVERBEEL, F— PV RA250ICIEEEH -, 4
=PI U AAS0IC AR A A L V7 (Fig.a
T, MHEEZEN LTI, EBEEALES L7,

FEREOFERIIY > T, FHRIZFToTwhw), 2K
) U, FhENETEIEFMST A2 —, by )%

f$1F 7260cmiit FE F 2. — 7' (L-30, RALEHE) 2/ LT3 H
EeRE 7Sy ooy s, by ) EEREETHN,

Fw 7zl i Zlopamidol (300mgl/mL, HARY x—1) >
7)Chhb. wEEAEIL, 7O ba—IVATIZIOONL, FO
FI—IVBTIZ7SmL, 7’0 b 33—l C TIZ75mLiEAE#E
L0 EFEIEARI0mL OB A — T A1EAEAT - 72 (Table
1). &EHHB & UK F R Fh2mL sec DEEE TRHT
BEDORRHR & D, 20-22GDREEE &/ L THHES NIz, A
Rz BFIR & 0 &R B & OB AR OBHED 2 S 71
% <, HMUREHIRD S E S NAENXOSB, 720 B
IR 2 6 i S ERNIZ 1060 TH 5.

Wldf oy — (A — Pz AA250) L [RIHES
o, EANEARETER L DR LY ERARIC D> T
W L7z, $6oT, 70 F 2 VAIZEEHEABLES0R
BLh, 7O0ba—-LBB LTI b a—LCITERHITEAN
FI637. 5B & DB R L7, WICE LR EE
1274108, #diOF913352.3£32.5 mmTH 5.

B B 5¥ i

EREOW R 2WT, FEMEDCTHERIE *1T ) &
il &, EEIMFOERNRE L CHRBBEO T — 57
77 MZ2OWTOREFMEIT o 72,
1) & 2 5
CTEDE L, MBIRAEL NV TiF-72, EXER,
FiighiREe, LATKEIR, TATABIAR® 4 SUCRE.CEI % 7%
EL, ThENOCTHEEE, kL. &BICBIT5E
KR, MiBbARES, AT KEIR, TATKBIROCTED MR
FMAEEMENL, Bonferroni/DunniEiZ ) 5% EIiHE
RV, ERAKHE.0SICTHREEZIT 7.
2) REFFAE
PFLRHME M RO AR & BIREEAO 7 —F7 7 2
MZDWT, ZRFN4BREDZ 2 7T 3 L0
FIEE (N.S, MLS, T.H) 12 & D HIE R T o 72, MERDELR
REBLUHIREEO T —F7 7 7 F OHEIHES Table 2 |12
AT, MERDEEHRIIOVTL, EAFIR, FEHR,
LATKEIAR, TATKEIARD 4 ROMEIC
DWTHE LR, BREBO7-F7 7

Volume of 300mgl/mL  Volume of 0.9%

7 MZonwTiE, EEAEAROSET
IR B X OBisEEIR, EREIRD 3 A0

Protocal Contrast material (mL) saline (mL) Total volume (mL)
A 100 0 100
B 75 0 75
C 75 30 105

HHRICOWTHIERIT o 72 (Fig. 2). #R
SR (21, PRIE & s S R
AP DNET, —Hwindow width 400
HU, window level 50 HUD ST X1 7

SERC134E8 H 25 H
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Table 2 Scoring of vascular opacification and perivenous artifacts

Score Vascular opacification Perivenous artifacts

Excellent, high degree

- None, distinct anatomic detail
of vascular opacification

2 Good, diagnostic Minimal, without notable obscuration of
quality adjacent structures, diagnostic quality

3 Fair, enhancement may be Moderate, partially obscuring adjacent
insufficient for diagnosis structures

4 Poor, no visible enhancement, Extensive, completely obscuring adjacent
insufficient for diagnosis structures
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Fig. 2 Multislice CT scans at the level of subclavian vein in four patients.
A: grade-1 perivenous artifact.
B: grade-2 perivenous artifact.
C: grade-3 perivenous artifact.
D: grade-4 perivenous artifact.
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LIV BIZBEEFIT - b D Hv iz, ZF OB E IR =

L, HE&Ic7la ba—unghbhnk izl 72

HESEMREEIL 3 BT » VAU HIELTTo 72,

ﬁ SHIOMET A EHEL, TukeyDS B HEBUHRE % H
A EKHE0.05 I TRE #4T - 7.

= R

AHRI105BZ BT, EEAOMEINREL B & UHEEH 7
LVF—-Z 1 BlbRD S Nahotz. F46 | FEREE
TICREZITT A2 AT,

ERED LREHIR, MiBIIRE:, EATKEIR, TATAEHARD
CTE V9B & UHRERZE, €04 EHEMER S % Table 3
WRY. EREIRTIEZE b a2— 0 COFEHCTIEIZ348.3
HUL 70 b 2= VAD273.4HUB L UF 70 b 2 — VBD
270.2HUICHN, BAHEMICABRCHMEEZR LA (p =
0.0005, p=0.0003). HfiBhiR#EICB VTS 70 b a3—-LCD
FHCTIEIZ243.6HU L, 7O b 2—)VAMD212.1HU, 7O
b I—IVBD1933HUICHA, #MEt#MICABICEMEERL
72(p=0.0172, p = 0.0003). FATKEMEB L O F47 KBk
DFEHCTAEIX 3 #E & H12230~250HU & (ZIZFEFREET, ¥
FIZAE A EELFZED SN o7,

BREO LRMHIR, MBIIR, LATKBHR, FATABIRDE
RN TN B A B RS S & Fig. 3 10RT. EAEIRD
BWAIRIZBWT, 70 b 2— LB TiExcellent & Fffi 2
FHEBAIBIE, o ba—-LADI8Hl, o ba—uC
DIIFN IR dr o 7295, METEMEEZEIIZD L
oz, LA L, MBMROBEREDRICOWTIE, FTora
— VB TidFair L iFfli S NAFEFATT I &£ <, FBba—
WAB L TF7O b 0= VCIZ AR B SRR R
PN E WS FHIITH - 72 (p<0.05). HTKEIRB L OF
TTRENR DOIEEE ROV TIL 3 BIIZRABEOEM T, B
BICHETENABEZIIBD O N o 72,

BREOEZREABOHE THIRS X OhisEik, LK
FHROEIRBFE DT —F 7 7 7 MIxb3 5 58 Sl 52+
Fig. 4 IZ/RY. $F THIREBOT7—F77 2 M3, 7ua
FI—NVCTH b7 {, Moderate & 5T & 72 5EH13 6 141
L, 70 ba—=IAB LSO P a2— VBOIBIOH LR
T, M FMICEBIIEREAEOT —F7 7 7 bbb iw
&) FHIEiAE 5 7z (p <0.05) . BEZESHIR B & U F AR
BBOT7—F7 7 7 MiZowTid 3 BiIZIZFEBEDFE T,
HMICHAIFNAEEE IO SN o 7.

£ =

AEOMRES T, 300mgl/mLOIEFH75mL I 4B £k
30mLIZ & 5K — 7 G EABHEE(T 0 b a—)vC)Hs, 41
REKICE B K= F RFEAGH E21TD % b o 7238 5#1100
mLIEARE (7D b I3 —VA) F0375mLiEARE (70 b a—
WBIZHA, EAEIRS X UTHBIIR D& a2 BV Tl

FRE134E8 H25 H

FFE T LY ENHIHAEE /R L (Table 3, Fig. 3), 58T
HIREIRO 7 —F7 7 7 MERZELR D Mt FA EE TR
TRRO LN (Fig. 4). EREHIRE X OlFBIRERDCTIEIL,
EEANEAR TRHICREEZEL, FOEZRL ) 2EIET
5 EDOno LY DRSS A 3 v 2 CTIZ & B W] — s
HMOEIC L Y S Twa, EEAHEKOBINEA
(&, BEEHI DR AN, L 7R 2 _EKHR 3B & O
IRE#IZ5-2, FEOCTHERZ5IERI LIzb0LEZS
iz, EXBIROCTIEFEE, AR —F A A
JHREL3483HU &, R ERITD R Do il kEEICS
%R L7:. ERKEREEOT —F7 7 7 M B HEET
liTiL, ABAEAR—F ZAFEAPEHEEIZ BT, Moderate

LT —F7 727 bRilOIERIL 45 L, MO 1 FICE
R AN, 3HMICEELSTED S, FAEIR
DCTHELEAA, ERMIREBEOT —F7 727 MR 5E
%%%of%(iﬁﬁd%%&@ot.Eﬂﬁﬁmﬁuﬁx
EAGFHABECBNT —F 777 MEROWE Doz
NonefEF L1561 T, I’]ﬁ@ﬁ%ﬁ | % i\ 72 BT SmLEED
13BN IS (B Sz (Fig. 4). EKEHROCTE -8
109.8HU &, fho#:?DS55.8HU, 89.011UL:11:A‘17K3 WE[A A
HHENTEY (Table 3), HIZRLRITL2%5HB I AL
KEHIRFEBE T —F 7 7 2 b OBEFEEHII I8 LT 5] et
PREENTz, HETHIREEOT—F7 72 Mg, ABf
WAKAR =T ZFEAGRHBIZBWT, 7—F 7727 28Dk
VNonel210fi] &, 1B#FED 2 F135 X U°3 fli2 =% {, Mod-
erate’2 7 —F 7 7 7 FBEAGNIIERIL 6 &, fHEED11
BN DA h o7z (Fig. 4). 72, BiEEREEO 7 —F
7 7 7 MiE, Moderate % 7-13Extensive 2 7 —F 7 7 7 b &
RO %, EHAEKR— 5 2AFEAEREICB VT,
MinimalZe 7 —=F 7 7 7 b BBOEGIL 2 B &, EED 4
BB L5 Pt~ e h oz (Fig. 4). Thbid, HHA
TKODIBIFEAZS, BHIRPIER L T 2SRRI ORI 242
H#L, $HETHIRERS L OBEERERO 7 —F7 7 7 b
Bz ool EZ LR,

Haage 5713, bivbh & FkICARARKOBINEA Z
Ty, 20% DEEFAEOEME L U EKBIREFEO T —F
777 MREEDHE LN EHE L TWwWA, F 7-Hopper 59

, ERCHI & AR E EF—3 ) Y UICEAL, EH
ﬁfﬁn;ééwm77;/;%mn?wuwﬁ AT,
125mLOEFF M E AEOEEHREIBON, T—F7
77 FPOBERBEOONIERELTWA, L LEEHK
PR E ZFH—2) Y I THWAHE, EHOWS]
EFRCLEEA L ABAKKEPRELTLE) 20, K
FIEMEI® - ) LT REDSDH ), RiExEREE TH
WBIZIEMET, HEICHVWAZ LdELY. SEbhb
MNDER L7z 2 RO ) v PR BT AIEDTEL A~
Tz —I3EH, AR AR A AT
BET, #MEIHEMTHY, BROBYTHENHTALZ L
WUEETH B, ZIVF AT A ACT TR RN HoEAT
T 5728, FEASNAERAIDME THR S50 b5
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Fig. 3 Vascular opacification.
Graphic depictions of qualitative results for each protocol described in Table 1.
A = protocol A, B = protocol B, C = protocol C.
35 = ™
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Fig. 4 Perivenous artifacts.

Graphic depictions of qualitative results for each protocol described in Table 1.
A = protocol A, B = protocol B, C = protocol C.
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Table 3 Results of quantitative Measurement
CT attenuation value (HU; mean+SD)
Protocol Superior vena cava Pulmonary trunk Ascending aorta Descending aorta

273.4 £ 55.8 2121 £ 345 251.4 + 38.5 2451 + 39.9

B 270.2 £ 89.0 193.3 £ 55.0 244.6 £ 47.4 237.6 +43.3

C 348.3+ 109.8 2436 +73.3 235.0 + 43.9 232.2 + 43.0
A versus B p =0.8803 p=0.1810 p=0.5156 p==0.4616
A versus C p =0.0005 p=0.0172 p=0.1164 p =0.2051
B versus C p =0.0003 p = 0.0003 p =0.3540 p == 0.5929

MShbH., BEACL@IRBET—F7 72 b, HicH
BTEIRERT —F7 7 7 MERO 7O IZEEAEAD
=T EAMIIEFIZER B HETH Y, SH~ILFAT
A ACTZ H\ W7 IR AT 2 BV T, dual injectord &
LEEBIHHEEL T b Ebh s,

CTHHIZ & 2 ERAFM B & OWHREFE O 7 —F7 7 7 MiC
WY BREFAMIC BT, FSEEHEORL L EEA
100mLAE & @ EHI75mLEE & DI, Mg 351380
SN dr o7z (Table 3, Fig.4). LA LHEIEMIC & 5 5%
WARNRTIE, BBIIR I B\ Tl ERITSmLEED S, B iR %
WL, BEEROWHRAS, FEIIREFE, H5HiPEE 02 K
FEDIRT % 5| &#2 2 0 fetid 7R S 7z (Fig. 3). #&#%
ROFFMiZEHE (Table 2) 12 & 0, FiBHIREROCTIEY % A 5
&, HEAN00mLEES & OHEHI7TSmLEET, Fair(Score 3)
EEHEi & Bk EhEN 1 BB L U7 BT, CTEEIE
ZNEN148.2HUB L U169.0HUTH » 7. £, Good
(Score 2) L FHli S NPl FNEN S BHIB LU SHIT, CT
EF91£179.9HU % X UF180.9HU TH » 72. WL~z
i, MEREOCTEATIT0HU TIEA T4 TH 5 THMENS
<, 180HULL LABE & SN A TREPEARIZ S L7z,

HIRBEO T —-F7 7 7 MERIZE LT, ik EmL
DOF M HE ST 249, Rubinb?id, EEH M4
R\ EIATHRL, FHREEH EIREE 7 —
F777 MEBIIARTH 72 ELTWA. LAL,
ERBIRD EFARAICTEFH T150~190HU & #: L Tl
DWW DT, BEMICIELT LS FohEes
RERPBORTVAS LTV R, T, BEDM, REl
EORLLBHEEH) BROBIIBNT, WiEECTRES
A RIIERH % A B ALK AT 2 i3 IR o g
ThHY, RBEEEHSEGSE LCREICFIHTE 254
ZhE, BRAMICIEZIT AR,

TR EHE L A5, FEMEERICHIR, S R~
WEEATH L, HEASRIERANC X 28REEO 7 — 5
77 7 PHEHETEIRD S EREIRICIT T D 5 R
B, Fiz, N)HCTEH T | MEREETFICHige t e
R D% AT D e, W TR L % 2 HRE OB X (12

FER 1348 H25H

LBET7—F777 b LITLISRRD NS, 4D
T—F7 77 bEBEETAHWT, HRIIEEAEANERS
IV RFEYERIZID 2 TT o7, ENc L AT —F7
77 bEBOLHIEE L, BRBABEOT—-F7 72 3,

BN B D L SN BScore 3 LLEDFIETT F a—
S D BARL B, HETEIRTIZ20.0~42.9%, Fishs
RTIZ 0%, EAKEIRTIZ2.9~11.4%DIEBIIZFED B DA
Aol (Fig. 4). F/z, Bk Wik frbhTws
Bie, EEAEOMINCEL, BREBEOT—F7 72 b
PR T B L OWED D B39, AHBEF L VI|EZITO
L&D, EFEHN00mML F 72k 7SmLAW B E OIS, &
SRR OBINIG C7- 8RB 7 —F 7 7 7 » OREEIZE
B3N G oz, W HICE LPittman 5213, IRk
AN HNVCTIZEWT, MigRE Y RHFF 723 & 1 gk

FNZHRE S N7z 2 OB OMEE gz TV, BF X b jfi
G- THRIE SN W{EDS, HIREFEPEEICL ST
=F77 2 b, FEONEDELIER, WHEY ~ /3 @ifiHo
FTRTEZBWTER TV LHE LTS, SEbibh
b, WM ERE L VRAFIICTAILICLY, KB
T—=F777 bBIUEEACI2BIREB T —F7 72

PR ESEEZEHTE, WEEECTIREICB VT,
R & IERFENORE E I HOFEE L +RETH
HrEzohi,

FAE, 4 OWRBBIIS L TI|METEL LI, &
RIOBYLHBADTHAZ R L, BENEZ3EA8MIC
MELRBT LI LEDTEL T 7)o — a ~ (RealPrep,
SmartPrepZs E) D BH L TETWAE, ZH LT ) r—
vayOFIER, s OERKEIZIG U S5E R R ORE
FELZELRD, EHHO S b4 L MEOTHENE, FHE
TRIREE, FERRNEAGEREE, ARANKIZE K-35 A6
B, WMEY1 I I TAREL IR A ERT
WS RENHE, FhFNFRTAACTIZBWTIE,
TAT 7 —BBLUN)HINE g Fh EORELEEIC L
2Th, HETA7—F 7727 FOREFELR LI LB
LbNTWE, YVFAT M4 ACTEHWTREEZTH B4,
EEROWHFEDA L ST, T LlEg s 21—-%1
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EEL, 70 ba-VEEHLTWLLESS S,

B &

AP — 5 AEPFHIC L D, SEEHI25% DEEE AT
WEEThol. Kikid, EREIRB L OBIIR O &5 R
CERTB), HETHRERT —F7 7 7 MERHRED
Rooh, ZHBEMLEIKE(EESTEbDLEDLR
fo. Eh, WEHFMERFLVMRFEIITAIEICL
O, KB 7T—F 772 b BLUEEHIC L AEIRIERT —
FT777 PEREESEH I ENTEL, AR CIREN#K
TL, EASNEZHORHRENLEROE 7 IVF A
74 ACT % AW MRE IC BT, |mEAmILE

JE DR E L, ERAERKFK -7 AEEXFHT S22
EAEFT L <, dual power injector® B & & b IZARIEDNTE
Rabobiifesns.

W
MM S h el wi-hBRERM, 77— AhicT
pAAAYADRARY Ax i b S WAl kg D

FEICOERIL, 60 HAELREHRFESES HF, 2001)
ICTHEFLE., BBRMIEEO—EIL, T4 EEE RN oe s
& s L UEAEEI AR SRR 2T 7.

X &

1) Costello P: Thoracic helical CT. RadioGraphics 14: 913-918,
1994

2) Cascade PN, Gross BH, Kazerooni EA, et al: Variability in the
detection of enlarged mediastinal lymph nodes in staging lung
cancer: a comparison of contrast-enhanced and unenhanced CT.
AJR 170: 927--931, 1998

3) Costello P, Dupuy DE, Ecker CP, et al: Spiral CT of the tho-
rax with reduced volume of contrast material: a comparative
study. Radiology 183: 663--666, 1992

4)EHI %, BAMEHL, EEIGE, b Wi~ ) ALCTICE
VT % EERHIBE QWG HARBERSEE 55 1 138-144,
1995

5) Rubin GD, Lane MJ, Block DA, et al: Optimization of thoracic
spiral CT: effects of iodinated contrast medium concentration.

38

Radiology 201: 785-791, 1996

6) Hopper KD, Mosher TJ, Kasales CJ, et al: Thoracic spiral CT:
delivery of contrast material pushed with injectable saline so-
lution in a power injector. Radiology 205: 269-271, 1997

7) Haage P, Schmitz-Rode T, Hubner D, et al: Reduction of con-
trast material dose and artifacts by a saline flush usin';g a double
power injector in helical CT of the thorax. AJR 174: 1049-1053,
2000

8) Ono S, Akaizawa T, Gotou R, et al: Analysis of time-density
curves of contrast media for improvernent of chest dynamic
incremental CT. J Comput Assist Tomogr 23: 753-757, 1999

9) Pittman CE, Barrett B, O’Keefe JB, et al: CT scanning of the
thorax: a comparison of two protocols. Radiology 217 (P): 383,
2000

BARERESE #6145 Hox



