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Effect of Saline Flush Using Dual Injector
on Abdominal Dynamic Contrast Enhanced
Computed Tomography

Fumiaki Ueda", Yukihiro Matsuura?,
Noboru Terayama', Satoshi Kobayashi',
Takeshi Kobayashi, Toshifumi Gabata',

and Osamu Matsui"

Purpose: To evaluate the efficacy of the saline flush tech-
nique for abdominal multidetector-row cornputed tomogra-
phy (CT).

Methods: As a clinical study, 147 patients with chronic he-
patic disease were divided into two groups: group A, given
100 cc of contrast material flushed with 50 cc of saline; and
group B, given100 cc of contrast material only. The differ-
ence in attenuation values between groups A and B, and cir-
rhotic liver and non-cirrhotic liver were evaluated. As an in-
vitro experimental study, time vs. peak pressure curve was
obtained changing injection devices.

Results: Group B showed a greater contrast enhancement ef-
fect in the early arterial equilibrium phase of the aorta and
late arterial phase of the liver. In cirrhotic liver, the aorta
showed greater contrast enhancement in the early arterial
phase in group A. Attenuation values of hypervascular he-
patic nodules showed no statistically significant difference
between groups A and B. Time to reach peak pressure was
prolonged when using saline flush devices in vitro. Flow of
contrast material from the contrast material cylinder to the
saline cylinder was also discovered.

Conclusion: Saline flush causes peak arterial contrast to be
strong for a short duration. Abdominal organ attenuation val-
ues are not necessarily increased in the saline flush method.
It is important to know that contrast enhancement is depen-
dent on the injection device.
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Key words: saline flush, computed tomography, contrast
enhancement
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5 {2 AS AT fiE 12 2 o Zomultidetector-row CT (LLF
MDCT) # W T4 1+ 3 v 2CT%47H) B, EEHIE
ANEBICAERYAEKIZT T Iy Y azfr) & & TRER
RHFFEE, MIIROBE SRR A ATE A BME A L 'U:
AThHI LR, ERAOHEEZHLIENFTERTHLRL
DIED R ST VEDS),

LElbiubi, EEYAF Iy 2 CTHIRTR BN
[ BN AT 5 IR E RS CTIRE (S B\ W TR IR K 7 7
v a BT LAY, FEERIER R0 4 Mk I IS O s A B
BEENSRICED L) BT SO RE L.
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*ﬁl&ﬁéh%ﬂé‘?r DI R R e L7z (ABE13458, B
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CT#E i; i;tGE $ii's< 165IMDCT (LightSpeed Ultral6) % {3

L7z, A¥y Y HERTRTERFHAOREEL, A74

23



24 RET Ty aDEHERY M+ 3 v 2 CTHE RO

AJE1.25mm, 1 HIVE »F0.562:1, 20mm3T ) A — 4 —
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o — MERE LT
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HEAAE=FIZTFaTINT— 4 > 27 % — (BAEK
HAHDUAL SHOT) & iV TiT o 72, ZOESERHIS ) »
VICEE=REREO R E, ZHiEROM S ZED10cm
ROF 2 — 712 T50ccDEBMEIEKRKD A o722) vk
HAE L, POl A 21GRIRG F 723 EF = — 71238 L
7e22GREEE~ L L7z, BEHIEEHA ) o Ub S EE
21GHEE F /- EHEF 2 — 7% 4 L T22G B4~ & Higs
L, BARE = Fcc/BIZTEAZIT 72

CTH{&ITELAIR FRI OIS E AT - 7218, EEHAEAR
a7 520807 (RIIBIARMD) , 35807 (RIIBIRAE), 1208014
CREAR) 1ZBE T 2 5 4 3 7O TRIG 247072 1) —
ZNZH 7 B WG 1080 TH 5.

Db 4 Bl OH(ED S HEHFEMIZFE LA T 4 ADOKE
Wk, HFhE, FORR, WERK, MEEOCTEZEHIL, REMIoE
WHICTIE & DEZFE L7z, FHANIKEINR, FFEIE FIOR,
TR, WAL B\ TR AIAICA T4 A0 E, f, F3
Epr 2% LE—OW 4 XOBLEBEEL, #AF 3
AT A XA O EAEOFHCTEMHT 21T o 72, ZIMEAFIERE
2B L CIAERP N E B B Ol R iRE L, A—2 54
BT HEBFOCTE E OZEFFHE L 72,

TRETFROBRAT
1. {REOREH g

ATE33% & BER226I D I % Student’s t test|Z THRE L 7.
2, 3, 4. CTHEHERIILEL

BHEMED S [EHHECTIE - BERATCTIE = contrast en-
hancement index (CEI) ] 41 L, *HEOD 2w (-5 10 THe
EEATH7, ZMPEIFERIZH L X[ ocTil— E
JFDCTE = nodule contrast enhancement index (nCEI) ] %
HWT, MieD%2w -REIZTREER T 7.

In vitroiE A £
(FEB& 1)

EREDOEER B, &) YV L2IGRIRE 2 E
Bl L%, EBEAC) Y UDOHEF2—TR ML T
2GR ES L ERE LR, BEAIY) Y UNLENERE
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Table 1 Patients’ body weights

Mean body weight

Protocol Number
Average SD p
A 33 61.91 10.65 p=0.385
B 22 59.61 10.77

Table 2 Contrast enhancement index (CEl)of aorta

Early arterial phase (average)

Protocal MNumber

Average sSD p
A 73 183.53 63.77 p=0.0016
B 74 203.14 67.00 EES

Late arterial phase (average)

Protocol Number

Average sD p
A 73 259.10 51.74 p=0.1778
B 74 252.41 653.97

Equlibrium phase (average)

Protocol Number

Average sD p
A 73 81.07 16.73 p<0.0001
B 74 87.15 14.63 eskeske

skak: 19 value, #3%3%: 0.1% value

(%5 2)

FREEAICREEOBICTHEL, SHEREANLT
21GHURST & A L, H51350cc BT EIEAKD A - 72
VT EHREL, BRERE L FAMROREER L. 20
AP OIEAAE — Fce/FI THERIDIEGH % A 7.

B/ R

R ERARET

FE R E TablelZ R T,

FREAKHE, % [ 5%FE, %% 1%, *%x%:0.1%
BFEY LTERLE.

1. A, BEMIZFEOFERZIIRD 5N -7 (p=0.385)
(Table 1).

2. CTYEHER i

KEPAR OB B LT3, FEHISIRMIZ B\ CBEET
BELCTHEEADRD N7z (p=0.0016). BRI
BUTCTELA A TE P o P EEEIITD O NLE o
72(p=0.1778). FHAHTIIBETHEICCTED LA
572 (p<0.0001) (Table 2). FFifOMIHHHFIEE LTI,
BMBIRIE I B W TBHOAELCTE LA D7 (p <

HAERSE 654 15
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Table 3 Contrast enhancement index (CEI)of liver

Early arterial phase (average)
Protocol Number Ty ik g

i 6 % 25

Table 4 Contrast enhancement index (CEIl)of portal vein

Early arterial phase (average)

Average SD p
A 73 4.34 5.02 p=0.1218
B 74 4.98 3.81

Late arterial phase (average)

Protocol Number

Average sD p
A 73 17.83 11.54 p<0.0001
B 74 22.92 14.97 deskesk

Equlibrium phase (average)

Protocol Number

Average sD p
A 73 44.51 12.01 p=0.4237
B 74 45.40 9.03

Protocol Nurnber
rotoco . Average SD p
A 73 15.59 14.83 p=0.0012
B 74 22.01 22.04 Bl

Late arterial phase (average)

Protocol Number

Average SD p
A 73 87.20 41.10 p<0.0001
B 74 105.73 46.76 R

Equlibrium phase (average)

destesk: 0.1% value

Table 5 Contrast enhancement index (CEI)of pancreas

Early arterial phase (average)
Protocol Number

Average SD p
A 73 27.81 16.82 p=0.0195
B 74 31.61 17.07 s

Late arterial phase (average)

Protocol Number

Protocol Nurnber
Average SD p
A 73 87.50 17.98 p:=0.0041
B 74 92.30 16.84 sk

de3k: 19 value, 33<3k: 0.1% value

Table 6 Contrast enhancement index (CEl) of spleen

Early arterial phase (average)

Average sD p
A 73 67.72 18.87 p=0.0006
B 74 74.42 21.60 Ak

Equlibrium phase (average)

Protocol Number

Average sD p
A 73 40.11 11.88 p=0.0006
B 74 44.26 13.24 sk

Protocol Number
rotoco ! Average sSD p
A 73 23.31 17.64 p=0.005
B 74 29.78 21.06 sk
Late arterial phase (average)
Protocol Nurnber
Average SD p
A 73 75.60 2896  p<0.0001
B 74 89.19 31.70 seske s

Equlibrium phase (average)

Protocol Number

%: 5% value, #:3k: 1% value

0.0001) (Table 3). MINRICEE L TIXEHO 3 I NTIZE
WTBHEOCTHO A E 2 EA 278D 7 (p £0.0041) (Table
4). BRI L THEmo 3 HETIZBWIBHOCTHED
HER FR D72 (p £0.0195) (Table 5). MBI LT
LEHD I METICBVWIBHOCTEDEE LR LA L
W7z (p £0.005) (Table 6).

3. FFREZSA SRR

KBIAR O P HIBYIRAH TIIATEF A AT A ERCTHELE
AMRO N7z (p=0.0159) (Table 7A). EHABHIRE TIZA
B ER O/ B2 CTE EAMRED 617z (p = 0.0292)
(Table 7B). i CIZABEIFELEER OF B2 CTE LA
AT B 17z (p =0.0209) (Table 7C). FFED FIABHIRAH T

EH17E1H25H

Average SD p
A 73 51.65 11.20 p=0.0005
B 74 54.96 8.17 &k

sk 1% value, sk 0.19% value

WBHIFEEERIIAELRCTHELEAE o (p =
0.0341) (Table 8A). P TIIABEIFHLEIEOAFERCT
il FF-%3BD 72 (p=0.0198) (Table 8B). Pk D#EIATIRH
2BV TBHEOFFEEAII AR LCTE EAARRD Sz
(p=0.0010) (Table 9). g FHIBARA I B\ TABEDHTF
WA F TR CTE EAA532% 5172 (p=0.0078) (Table
10). HE o Ffi I BV CBEEIFR A T I ERCTE L
HEFD (p=0.0012) (Table 11), _EFLISD FFiE D #H
BHIRAE, FINROFHABHARA, PIRROFAEAE, Bl BIK
M, RO FHrA, RO SIBIIRAE, BRI E) IR
IR RN B ELRO Lh o7,

F 72 ATE & BREO LTI O FIREIIRAR & *FHiAH O R
IO AHEEOBRFHERTIIRO bk o ZBHOCTH L
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Table 7 A: Liver cirrhosis (LC)with non-LC correlation
Early arterial phase (Aorta)

Table 8 A: Liver cirrhosis (LG)with non-LC correlation
Early arterial phase (Liver)

Early arterial phase é Early arterial pl E
Protocol Number =Uide ol (average) Protocol Number ety esterial phade {average)
Average sSD p Average SD p
LC+A 50 190.36 62.72 p=0.0159 LC+A 50 4.3 3.64 p=0.8906
Non-LC+A 23 168.31 63.9 kS Non-LC+A 23 ) 4,42 7.16
LC+B 52 205.33 63.87 p=0.3634 LC+A 50 4.30 3.64 p==0.0368
Non-LC+B 22 195.29 78.21 LC+B 52 5.22 413 *
%: 5% value LC+B 52 5.22 413 ==0.0341
Non-LC+B 22 4.24 2.71 *
#: 5% value

Table 7 B: Liver cirrhosis (LC)with non-LC correlation
Late arterial phase (Aorta)

Lat ial ph eral
S Number ate arterial phase (average)
Average SD p

LC+A 50 254.08 50.18 p=0.0292
Non-LLC+A 23 270.28 53.76 *
LC+B 52 250.62 54.15 p=0.3643
Non-.C+B 22 257.91 54.63

*: 5% value

Table 7 C: Liver cirrhosis (LC)with non-LC correlation
Equlibrium phase (Aorta)

Equlibri
Protocol Number qulibrium phase (average)
Average SD p

LC+A 50 79.35 16.44 p=0.0209
Non-LC+A 23 84.9 16.86 ES
LC+B 52 86.95 15.14 p=0.9196
Non-L.C+B 22 87.17 13.52

*: 5% value

FZHAT A 75 (p £0.0368) % #%7 (Table 8A, B).

4. ZIYERRECTEMAT
A, BEEMIZEIFIFRE S OCTED FSICITEEIEIZED
b o 72 (Table 12).

In vitrof&st
(£81)

5 EOFRI B 5 E— B MiEE 2R (Fig. 1). =Hig
BEERH D) VLB FEHEF 2 — 7Oz
FESEDLIEIZLY, EFMHISET HEBEP R 4 DIE
L7,

(£8& 2)
WRERED RIS > T 2 7 4 —TOENBEI S# T HD
M, SEMEEKOAS72) Y IOKIIEHEREML
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Table 8 B: Liver cirrhosis (LC)with non-LC correlation
Equlibrium phase (Liver)

Equlibri hi ere
Protocol Number SHexUin phsse (averege)
Average SD p

LC+A 50 431 9.18 p=:0.0198
Non-LC+A 23 47.86 16.12 *
LC+A 50 43.10 9.18 p=0.0113
LC+B 52 45.62 8.57 =k
LC+B 52 45.62 8.57 p=0.3319
Non-LC+B 22 44 .4 9.23

#: 5% value

Table 9 Liver cirrhosis (LC)with non-L.C correlation
Late arterial phase (Portal vein)

Late arterial phase (average)

Protocol Number
oco Average SD p
LC+A 50 88.8 41,01 p=0.4806
Non-LC+A 23 84.54 4214
LC+B 52 103.76 45.97 p=0.0010
Non-LC+B 22 80.17 49.19 ek
%%: 1% value
THEH Lkt 7z (Fig. 2).
zZ =

WERCTHRA OB, EFAEARICERNEEKRICE ST
T yaedr) TET, KMEERIRD S IR R L
PRI R LI T Z L TE A0, SR EEAIER
BEBMOTIENTED LOBEIHRENBY, F72H
FeDRRIF THEFANC & 5 KBYR R BRI W25 DO 1e5h%h 2
FEOLIENTEDLLEOHRELTD LB,

bivbh b FRkORREEE LAFREITo 7288, Ak
Higm I35 R ICEORD LN AT O WEEHIEA
Blte 2 5 2084% (F-EABHARAE) O KBk DHERZNRI2B VT

HAEREHE Fe5% #£15
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Table 10 Liver cirrhosis (LC)with non-LC correlation Table 11 Liver cirrhosis (LC)with non-LC correlation
Early arterial phase (Pancreas) Equlibrium phase (Spleen)
Early arterial phase (average Equlibrium phase (average
Protocol Number y ap {vemgs) Protocol Number d P ( ge)
Average SD p Average SD p
LC+A 50 30.01 15.31 p=0.0078 LC+A 50 51.23 9.91 p=0.4678
Non-LC+A 23 22.75 19.04 dok Non-LC+A 23 52.65 13.87
LC+B 52 31.99 17.07 p=0.4930 L.C+B 52 55.97 8.04 p=0.0012
Non-LC+B 22 30.22 17.42 Non-LC+B 22 52.09 7.86 ok
%3k: 1% value dek: 1% value
Table 12 Hypervascular hepatic mass nodule contrast enhance-
ment index 9
Early arterial phase 8 R
il
Protocol ~ Number Average sD p o 7 [ ———
E 6 s
A 13 4.50 2118 p=0.6771 P / /7
B 19 2.46 11.94 T /[ [/
)/ /A
Late arterial phase o 3 1
g, J',' b
Protocol Number Average SD p 1 ‘ ;{; i /x
A 13 21.01 20.91 p=0.7925 0 -"é I I L 1 L
B 19 22.31 18.12 0 2 4 6 8 10 12 14
time (sec)
Sl b —— 21G metal butterfly needle
Protocol Number Average SD p : -~ —— 22G non-metal cannulae
' 3 way valve & 21G metal butterfly needle
A 13 1.00 33.22 p=0.0994 | | _____ o needle
B 19 -11.49 11.34 —— one-way valve & 21G metal butterfly needle
Fig. 1 Time to pressure curve of power injectors of different

ERE 1741 258

devices. Injection rate was 3 cc/sec in all cases.

. V|
i

Fig. 2 Actual double-syringe system. Contrast material is stained
with red ink. During contrast material injection at a rate of 3 cc/
sec, stained contrast material flowed from the contrast material

syringe to the saline syringe (arrow).

27
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R FREMR GO0, BN EEKkO T T v 2
22 & B HGATNRAKBIRDRBIRA TRRO S5 L %
RIHBRENEBDNGS, KEIROEEHRE TORERHHY
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LD RIABHIRFE & B R A o W R PR AR IR B 72
9, BUBIRETOBHOE B IRE LR &% > THA,
120F0EDFMHAH TI2 b 1Z0KBIIRIC BT 5 R IHEIIRAE & [
CHahRO s 4 3 0 JIEBETW A0 BLIEE LA
BRDHHEN VDb ANV, 2F ) ZOFHEITIE, I
ERIIBTAHEHEOE — 7 ZEBHAIEKR TS v L a
HTiRbUbh O TIIRE SN LD o72358 & ViEL
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T4 ITIZBWIBHOFICEERRE PR 23D TV A
», ZORBEEMIILDTFERINLZDDELEIELLLDT
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LFIEBIC BT 5A, BEEMICEEREIRD O e, -
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N, MIROWEE FA-EBREFFEEAHOBRIBIIRM T
AELRCTE LS TH o 7248, BRIMEDRE LR 2bhb
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5l TH Y, 2130 FFEEER ToOBRRE LA & [
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% I PEFRESE O B BAT & OCTHOZ L BRI <l b
T TH Y, WIESE %I - 72double arterial phase CT Dk
BB, A0 & HEEREARGD 52080 X
DEWE A IV 7R RATRETREVEEZEZ RS, 2
O BB FE T SN TV A SRS SR SR
LERMEOWESY 1 I > 7T 2B L 8T 50 0,
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ORFHEIZERL TS LW Bhoiz.

BIE, bbb LIIIAT—F Ly TEF RN
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G aDFEEELTWALI L, CTHED 5 % K8k
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DETHEV)ZLTHDLEEbNS, Lizhio THEIHY
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