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A 7 2YF7<S 47 A%
Bolus Tracking®] #+8A4"

FIE - oA - FHY - ARF - PR - AU

71 flaA= o
28h= Ao Fo3H1-14). %
27] &M=
217] flelAl=
Al A sof ghe}. o] qt A 719 AL A3 71419 =

Zboll A7) Aol 2 AR 39 AES W7 oA 9719 A7)} d2eg, 34" Adr]d ARE
54 CTZ 7o 2337%e] 7t Ided & A% AAY 245739 e 2 + 9 37 ek
b AR Ho 2dF7HE o]’ shxjuic) thofdt 3k ) 29A|Y o) F AR A
Eal7] Sok Aok 31w (4, 7, 8,10,11), = 7] 98 vtAA] CTolA bolus trackingg AH43HA =k

7’3_,
(8—19). =3t o]2idt =AEe] HAsItE A o2 = s
Zel| <13 (6, 20—22) ER U} 2GA Y o]F A|zto] FAlm}c}

2 F:Aolgte i AIAAolBE WS F 3] 3l 7 AAoe] HYE =
Z7}& Holx Folbdl dArs I+ Zlo] F83)c} Al4] CTell A bolus tracking ¥
o] HA 7t 29457t A=l AU} A=A dof Bt

cHAb 9 giy - B8 11492 CT(Somatom plus 4) &5 A3 & 10195 2] xS FH/‘]'°i A
o2 AFslgtt dE2F R 234 T4 F 60%] 20 AP 252 50 oA
37, bolus tracking(C.A.R.E. bolus; Siemens)& A& 1F2 51%o]¢ict. Bolus
trackingS 2 UE] A]7] ol A Zhol| $1X|3F FAl o] g FTto] 2od A 7] F kel vl & 50
Hounsfield units(o]3} HUZ 2F3}h) ol =23}d 6% F Xk 2900] A|2tE]| £ 2 3l =
57 F BE A= 7k A, 7k, el A 24 A 2 o 37 2 £ o 3'4”3
q9-& A3l HUE SAFAL, 24570 A 71 T AEY AHZE G2 A Ful9 &
oA ZA3 HUS| HHX 2 FHAkstsd ). o] 3 7FA AL 60& A A7) & A1 33 3} bOIUS
trackingS AH4-3F 7o) 23E7F A xS v watgdc)

A 3 z3A F F 60 X A7)l 28-S A T 7he] HF 23 FFe 7 A
oA 65.3+16HU, 7}dlolA 67.4+165HU, 3}FdlA 685+19.4HU <3, bolus
tracking & AF8-38F & 7+ A4} 75.2+15.5HU, 7+9] 7}-d|7} 74.4+13.7HU, 7} 3147}
75.6+13.6HUS 2 7} 9] x]e| A F3Z7}2] A E+= bolus tracking 7ol A 234 =9k}
(A3 p=.001, 7}2d] : p=.001, 3}% : p=.003). 3 F7}o] 50HU| =3} o|= 60% A
17] Tl A 43/50(86%), bolus tracking& AH-8-3F Tol| A 50/51(98%)°]d 2L, 60HU )|
=2 = 60 7] TollA] 32/50(64%), bolus trackingS AHEEF FolA] 44/51
(86%)°]141t}. Bolus tracking AF4A] 234 51 F 2tk Aqe] A|zt=] 7| 7}=| 9] A7k
63.8+7.9%(48—79%) 9 12, 70Z7}%] 50HU ZHA| 2] of] =3} %] oFo} 70%0) glejd o2
A& A1 AR ol & 24l L, 0] F 1dlell A Fg 23 F7e] 50HU o] 3k ct.

Zd 2344 CTolA] bolus trackings AF&-3lH 34| F9 F dAZE 2|74l 7+-S

28 ARG 2L oFe] 2FAE AMS S dl, o] 2 719 23F7HE B Ao}

22 AERAY FH o B =S F AR AR

Z2G4 F4 F 208 Ak AI7IE A (23-27).
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CHe 3 2y

oF 27§47} bolus tracking(C.A.R.E. bolus) 7]5°] &
Somatom Plus 4(Siemens medical systems, Erlangen, Ge-
rmany) 2 $i¢tovt AL 2 a5 A A 7w F 4
AARA e s S WHe] AlEe] B Ee &
B ak A4 CTE A3 10199 3kx15 At g gk
o2 A3, vlwAl ZIgte 2 Ak 7t AlAld 3] 39
A = Q9 1= dAtolA Al¢Jstsict xe 244 F
ql & f0xo] APE A3 273 bolus trackingS AHE-
g 4o Fo2 R, 22 50 (EAt : 28, H37t:22), 51
o (A} 34, 2L 17)0)sich 7k 1§ FAe] vole} AlFE
7)238}3 student t ZALE B84}

BE R 2 294571 ARE AA s VxR
AHEE) 8 2re] F7F Axe] sk & = 5 R
z4 A CT 23-% 49k F 2F EF 120ml9] vje] 24 =
o3A)al  Iopromide(Ultravist 300 ; Shering AG, Berlin,
Germany)Z 18gauge 7}H|EES %3] F317](MedRad ;
Pittsburgh, PA) S Al&3t] =% 3mlZ FA}3}d )

Bolus trackingS AH&3le] dArS A= AL L3 72
t}. Bolus tracking RUE X|7]¢} 2k A7 X|7]7} gl &=H,
WA BUE A|7|d] 24573 Aol 7k F7F A xellA] A WAt
Al <F(50mA, 0.67 29 =% A]7F; 33mAs)S A= 2y
B3 208 AL H, EF diFa3 7k A 4] 49E %
sl ar, ZF AR Yol = d3tolt v Yo #4] 3o
A dx2 Folslydct. o 15709 dA5A <l
AEZ 3133, 234 T4 A2 FAlodl 2700] X|2s]
w z} A0 apole] A7k 55-7.5%4c} ZF A W #A] of
o] CT 32 29 A 7]EA 3ol FA AHsA o2 A4ls
o] zFA Fq1 F A7t Aol whe} Ak} aH 2 FAR
t}. o] CT %re] 50 Hounsfield units(¢]3} HUZ 2}3h) o] T
D31 "Ho|&o] At 2] AAtE|= AR X EHE A
7t} gkate] 3 F A Aol D37 A7l 62 F At 27 A7)
7} A2 =% stk (Fig. 1).

702742 50HU A Aol =231 dsks well= A=
73S 77] 93 0%l A2 A XA G E
A %& 50HUZ A3 71-2 Heiken 5(7)°ll 2|3 7¢
T= sl o2 Aslsic) Bolus tracking
7} 60% 2171+ 120kVp, 200mAsS AH-3191 1,
79} 10mm/sec Elo] & o]F S22 ghHo 5
N A
259 20 o] 43 7ke) A, 7R, 3}
, 2 1A Hia 7k
o] 37l #A] dH9& A
o A2 & 3749 7k
73Aksksich 0|3 A Ak e R

v w3}l 77, Analysis of covarianc
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40

3kz}e] ol 60% x|e17] ol A 54.1+144) 913, bolus
tracking oA 57.9+16M 2 F F 7bel] EAI5HAQl z}o]
= 993 (p=.25), AFX 60% x|7] Foll4] 57.8 +9%g, bo-
lus tracking FellA] 57.6+9kg o 2 z}o)7} ¢l (p=.91). =
AA F4 F 602 A A7) 20E AP’ 7o) 7] HHF =
3573 7k ARl 653+16HU, 7FedlelA] 67.4+16.
5HU, 3}f-ellA 68.5+19.4HU 4¢3, bolus tracking &2 7t
AH874 75.2+15.5HU, 7re] 7147} 74.4+13.7HU, 7} 8¢
7} 75.6+13.6HULZ 7zt 9 x|d|A] F3dZ7}2] AT bolus
tracking oA 93] EcH A p=.001, 7} : p=
001, 3% : p=.003)(Table 1).

Z3%7 o] S0HUS| =3t ol 60% A 7] FelA 43
/50(86%), bolus tracking o4 50/51(98%)°]%la, 60
HUd| =23t o= 60% A7) o4 32/50(64%), bolus

Table 1. Mean Hepatic Enhancement Above Baseline

Technique 60sec Bolus

. ) P value
Location Delay Tracklng
Upper Liver(HU)  65.3t16 75.24+15.5  .001
Middle Liver(HU) 67.4+16.5 74.4+13.7 .00l
Lower Liver(HU) 68.5+19.4 75.6+13.6 .003

Fig. 1. Monitoring CT scan of bolus tracking.

Upper left shows baseline scan with regions of interest in
liver (1) and aorta (2). Upper right shows the last moni-
toring scan with enhancement. Lower left shows graphic
display for liver (1) and aorta (2). Y-axis of graph
indicates enhancement over baseline and X-axis indicates
time from start of injection of contrast material. Horizon-
tal line indicates threshold (S0HU). Lower right shows
time (in seconds) and enhancement over baseline for each
monitoring scan completed.

— 120 —



CHEHLAIMO|SHSIXI 1998;38:119—123

tracking Tl 4] 44/51(86%)°] %t}

Bolus tracking ¥l el A A 1] ¥ 2k A0 A=t
H7)7hA)8) A7Fe 63.8+7.95(48—792) A5, 705744 50
HU & 2ol =2317] 9ko} 70Z0) Q1914 o2 A70-& A|=hgh
o= 2493, o] 5 1dlelA FdF 2357 o] S0HU o]3} &
c}.

LI

] o} 3ka}ol| A 7k o] 47} Hxle] A8 AA | F
Zhell 7] A 5-22] AolhE A3 0|22 (2, 3,6)

2b7] Yl 2 AR 27kl izl HAS
Zo] F23}cH(1—14). 3pAqt 1A H CTZE 71 &
7o 2 ols) AA 2377 Yol 205 B4 5 gl o,
] CT7} =]]=wA] wh2A] 7k AAE 208 5 oA 5
AA o] zojZrto] Hu7} 5= HAR A7) Ak
Al =ik AF7HA] 42zl YA CTell 49 7He] &
3745 97] 93 AAF A7) = 0-75% A x0]A|

(8, 19, 26), o}=] HA3t xjad7]ol| A= g7} o] Foi]
A 931 913(10, 11, 17, 19), m=3F 23 A9 o, 294 74
S o ae} thefsich(10-21).

o]zt 9|54 29l o= A} F7], AF, A e, o
AL A, SR AR, AR 7, AT AAL 39 A7 A
3}, 7t Az 5o YA 2Qld s x 7k 2§ F7te]
kS uberh(6, 20—22). 2GA9) F] 3 FQ & 5 F
3] vhE A sla FY3 A7) 2SS E, ol gt W
HA 2915l o3l 3puich 2odA o] 3 o]F A|Zke] o}
oFste] 7ke] i xgF7kel A1717F A& ohEch debA Al
2] CT7} g2 A7tel 7F AAE 28 5= Qe A o] stz
= 3}ol wg} 23 A0 3 W o]F AZte] tfE2EE, Zo
A 79 F A= A|7]ol| 2E AP A9, 7 AAAo] FH
2 2= A715 27 Azte] YN wEAY 25 5 9l
o}

Bolus trackings AH8-3pd o], A, AF 5 o 714
ke WA 4ol A Qlo] fdke Y 23S AR
7} Agd o) 20%  g9leng, ogdt FAE = A
A% 9 A2 AzEr o7 F3olA] o] A S By
slar QJoH(23—-27). Silvermann 5-(26)-2 150mLE A48 60
Z A417]¢} 125mLE AF-3F bolus tracking # o] 7+ =3
%7} A %7} v]4=38}e] bolus trackings ©]4-3pH 26mLe] =
FAE Ak g sioha st AR Al A= 602 A
7] 2t} bolus trackingg AHEE FollA 7 227} A
=7} ol 3 E9kaL, 78] Al A 10HU, 7he-dle|A] THU,
oA THU A X o] E=9bc} wdl 2o3=7}0] 50HU &2
3 A= 60 A7) FellA] 86%, bolus trackingS- AHE-3F
Tl A B%AIL, 60H| =23 A= 602 AA7] T4
64%, bolus trackinge AMEZF TollA 86%F EF bolus
trackingS AF2-8F ol A o] & ZAE Bk 2994 79
F Ak i) A2k 7]| 71| &) A7 - 6325 wAE
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60z A7k vlsstdAlt, A E B -T922 tofste] #
Apmiet 23 A9 o)F AZke] Pk Aoz ztE, o] F#
22 thoFAl-S bolus tracking AHE- A] BAE 4= 9l 7k 23
5749 Axo| 71&3t 7he] H 3 2GF7) wf 2700] o] Fo]
A8 60 AA7| B} 7F 2957 0] =9k Ao A4
o} 28] 3 2% 3mLe] F4} £x, 125mLe] 234 o, A
FAF & RS vl5d 27122 bolus trackingS AH-314
22 ZA7H26) ¢} vt AR 7F 2357 A =TT 71
A, 7R, sl A B Egke), oAt 3kRke) Al A)o]
Z Tlkg3} 58kg o2 A 2HE2] tfA} A} Al Fo] A7) o
© 2 P7F3eH(20—-22).

o] 9] AlFFH e 2= A, bolus trackinge Rk A7
A17] Aol ZUE A]7]7} ¢)o{ 4], bolus trackingS A}
7re] zod 57kl Adrt He E97] JAE 4& A%
FAE A& T gk o]l W FAH o2 7H Egte vt ¥
TA Aol 2L 1¥AAY FI&= FU7] JAo] FL3ER
(28—30) o] WHl< AEA12 5 giet. 2] AR F31
AH7} F97] GA A Ho|Av Fu7] AR FH7
Gl A o B Boichs Xt gle](3l, 32) #47] 4
At A& A% WY A ZA71 S 5 sl 22 of
A7HA AR e Ao 579 oA diAes
obx] ZAgo] WAl v} glu, 7|5 A8FeEN FTHE
A1ZE, v, WAL e 5o A7) 9L7] ool o]ef diajA
= %22 o] B A7t sl ezt ARl AR o] 24
L 2= YA FH9] HExs HA 7k 2 FAe]
o EFETE F8l F3 9 W o] ZUNE AoE A%
Hu, 23419 FAN F A= g2} kg s ouck £ A
TolAe 7F AR 2937} Az} AERA Fo A&
o] AABA ] g A7} o] Fo A A] b A7 ] L,
So® 7 AR ol A4 39S At g oA o
A CTE A5t A|7F 77l b2 7F AR} e 7e] 2
& o] & dotie A7t despch AMAR AAeS B
Ye 2714 7] 29357} A% S Heiken 5(7)0] A+
g 7] H I 2357kl R3] RUE R 2837 Ak 27 A
o]e] A|7+& wEjsle] S0HUR Asldct. Heiken 5(7)0] %
3 25mLY FAF £, 125mLe] Z3A] oF, 44 (mono-
phasic) FAF 5 AAE vlgt WS AHEsIA A, A
e AF 2] 5o A2 o 27122 Qls 50HU== &
AR7F AgstA] & 71 ek webA old #AAH 5 A
g 293357 A E As] M= feive AREES
thAke 2 &}o] bolus trackingr] AHE-sl= A3t 234 o3}
FA S22 7 29570 AIHEE FAS = o A
T7F sdefok st viA e 2 RUE A7) 9} 2k A7 A]7]
Atole] ZbAo]| A1, 53] AFA AZte] Aof BUE A]7]l|A
298 Apol9] A|7te] ZojA A &3HA] 50HUH dAte] vrept
A 3 A5 A A S0HUE dolAl A1 64 dAte] et
u, o]uj F-E] 62 F vk Ao] ARt 2 AMAIAFe] gHA A
£ 50HU o]Ate| A=a}E2] #A-$- 50.1 —87.2HU(HH ; 60.5
HU) 2 ojefslsict. o]23t A4l do 2 7)< walo] gl

— 1), —
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Values of Bolus Tracking Methods for Optimal Hepatic Enhancement’

Dal Mo Yang, M.D., Seon Kyu Lee, M.D., Myung Hwan Yoon, M.D.
Hak Soo Kim, M.D., Hyung Sik Kim, M.D., Jin Woo Chung, M.D.

IDepartment of Diagnostic Radiology, Chung-Ang Gil Hospital

Purpose: Most hepatic metastases are hypovascular, and CT scanning during peak hepatic en-
hancement is thus important for the detection of hepatic lesions. The purpose of this study was to
determine whether images obtained by bolus tracking show greater hepatic enhancement.

Materials and Methods: We prospectively evaluated 101 patients who underwent helical CT of
the abdomen, using either a fixed 60-sec delay(n=50) or bolus tracking(n=51). For the latter, we
used a hepatic enhancement threshold of 50HU over baseline on monitor phase to determine a 6-sec
delay between the monitor and diagnostic scanning phase. For all patients, three region-of-interest
measurements were recorded, one at each of the upper, middle, and lower levels of the liver;the
measurements were averaged and subtracted from the baseline density that measured CT values in
three different hepatic segments at the mid-level of the liver. We compared mean enhancement
above the baseline of the liver between fixed 60-sec delay and bolus tracking.

Results: A statistically significant difference in the enhancement level of the liver(upper, p=.001;
middle, p=.001;lower, p=.003) was noted between fixed 60-sec delay(upper, 65.3+16HU ; middle,
67.41+16.5HU ; lower, 68.5+19.4HU) and bolus tracking(upper, 75.2+15.5HU; middle, 74.4+13.
7HU ; lower, 75.6+13.6HU). With fixed delay, 86% of patients reached 50HU of enhancement, but
with bolus tracking, 98% reached this level. For on enhancement value of 60HU, the corresponding
figures were 64% and 86%. Mean delay for the transition between monitoring scans and diagnostic
scan initiation was 63.8i7.9(range, 48—79) secs. For two patients in whom the enhancement curve
did not reach threshold(50HU), the default time was 70 sec;one subsequently failed to reach this
same threshold.

Conclusion: Using the same amounts of contrast material, bolus tracking provides a greater level
of hepatic enhancement than a fixed 60-ses delay, and is thus helpful for the detection of
hypovascular masses such as metastatic lesions.

Index words: Liver, CT
Computed Tomography(CT), helical

Address reprint requests to: Dal Mo Yang, M.D., Department of Radiology Chung-Ang Gil Hospital,
# 1198, Kuwol-Dong, Namdong-Ku, Incheon 405-220, Korea.
Tel. 82-32-460-3060 Fax. 82-32-460-3055
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