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Objective: To study image quality and contrast media dosage in patients
undergoing portal venous phase computed tomography between bolus tracking
method and fixed delay method

Method: A quasi-experiment 2 groups, comparing the use of two methods
in patients undergoing portal venous phase computed tomography in the
Nakornping Hospital Radiology Department, March 8, 2021-31 June 2021, first group
using a fixed-delay method at 70 seconds after administration of contrast agents
and the second group using a bolus tacking method in the aorta. The CT number
use was 150 HU plus a 50 seconds delay time. The calculation of contrast media
dosage was from the non-fat weight value calculation. The quality of the
radiographs from the two methods was measured by CT number in the liver, aorta,
portal vein and inferior vena cava. Radiographic assessment was assessed by
radiologists. Data were also analyzed, Independent t-test and Wilcoxon's ranksum
test when appropriate.

Results: Total 150 patients, mean (SD) age were 58.5 (13.8) years, male 83
(55.3%), female 67 (44.7%), body weight 54.9 (14.8) kg. Mean (SD) of CT number by
bolus tracking method and fixed delay method in liver was 113.7 (10.9) HU. and
107.4 (15) HU. (p=0.004), in inferior vena cava was 116 (19.8) HU. and 109.8 (22.6)
HU. respectively, p=0.62. Median (IOR) of CT number by bolus tracking method and
fixed delay method in aorta was 154.5 (18.9) HU. and 143.7 (27.4) HU. (p=0.001), in
portal vein was 153 (19.6) HU. and 140 (33.2) HU., p=0.002. The median (IQR) use of
contrast agent in bolus tracking method 89 (23) ml while fixed delay method was 80
(20) ml, did not differ statistically (p=0.06), for quality assessment, median (IQR)
mean scores evaluation image quality by radiologists of the bolus tracking method
was 3.7(0.7), the fixed delay method was 3.3(1) statistically significantly different
(p=0.03)

Conclusion: The development of abdominal computed tomography at
Porto-Venous Phase in Nakornping Hospital using bolus tracking technique can
significantly improve the radiographic quality.
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£

Elapsed Time (s>

gﬂﬁ 1 udns3Saunu Bolus Tracking Technique

ASAATIZINE
ASAATIZARALTIUS U0
19n1939A7 CT number faglusunsy
dnSagudimsugaindiesad Infinitt
viewer®  lagviinisinAlseuliieu
3ENWI1990 bolus  tracking wagdd fixed
delay Fisuniaieniulunimaiesdneou
wazndslansiivsdaniaefiinisnsan
1. mMs¥nAn CT number luiifosy
LBONAINANYIG (axial  view) AINNWUN
YOITUNM (thickness) 1.25 mm.fiuans
s19azL8ean183n1AYeFURE main
portal vein, liverright lobe, liver
caudate lobe, liver left lobe, falciform
licament §aA1 CT  number Va3 Ul
FIUY left lobe 1 @Ay, right lobe 2
ALY, caudate lobe 1 #unie Usu
Huiin1sya RO) 1%furenauauin

Uszanad 1 cm’ wanidssusnadiinasn
denndofeulioten Yrafiialdna 4
fundaianadslaeSaaludiuns
WRenfuneuwayndanislansfiuedn 33
bolus tracking waz3d fixed delay Juiin
NE AILARS gﬂﬁ 2

2. M53nA1 CT number luvaen
Fon'” 1denynn neinung (axial view)
N15ASI9818a1STUSIFe AR dn
protocol AUMLIVBIBUAN (thickness)
1.25 mm.szsuRInimasndensifiean
7l (renal vein) Wigetsaunsanand
FulsasALdensi portal vein, inferior
vena cava Wazvasnlionundlg (aorta)
e ROI il ¥adn CT number 9
Rsnarswasnaendonivaulngyu
sUsebiduasnandowialafiuduniu
Audna1svemaeniieninALdIuAngg
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UM 2 uanen19219Aumnen153aAT CT number ludu

mMsAaszsinaBenann
M3UsELliuAuAINUBININE18SIdAN 5
bolus tracking uwax3s fixed delay
Usziulaossdunndaruidadeves
Tsangrurauasiadsuay 3 virudidl
Uszaunisainisvinnulidesnan 5 U ans
Usgiluduwuu blind assessment 1agll
wd9IsnIaTantanaeinisUseiiulu 4
sysfusiatl

1. s%du 4 fiflon (excellent) nw
LEARITEAUAINLLANFI(contrast)UDIAINM
Y13-91 (density) sEwinaLiefu
(parenchyma) Aunasnidonludu
(hepatic vessel) qas’mﬁumuué“mﬁum
naoaLdanlusiu(peripheral  vascular
branches) dalauLazAnAIMlneIINVD
ey

2. 536U 3 A (good) NIWLEARIAIIY
wane1e  (contrast)  s¥wIwiesu
(parenchyma) fuvasaldenlusu(hepatic
vessel) TIEaUYUAUAN UBINADALEDA LY
fU (peripheral vascular branches) 19ddl
AN LganelunTItady

3. 5¥AU 2 Yunana (fair) nniana
At duarsusedluidosu
(parenchyma)  waznaoaldoalusu
(hepatic vessel) lsdsnnwe

4. szauU 1 WA (poor) AnLERS
At duarsiusedluidedu
(parenchyma)  wazviasaLdonludu
(hepatic vessel) tiog
nsRseideya

Tasrgideyanlglusunsy
STATA version 14 %AgdUNITNTLINY
Yosase Shaprio-Wilk test afiinssand
Tesunenanisdnuide  anade @
\eauunnsgiu afsegiu wariidunie
Ind Wisuisvasanguilludasesioiu
1neldadf independent t-test @1m5ud
wUsfinsnszarafuund uaz Wilcoxon’s
ranksum test d1m3uuUsiinngnszane
Liund  muusdiauideriufifesay 95
AuEAyNeadfian 0.05
NANISANEN

AUedIwIY 152 sgaglunue
dnsen 2 eduduaefiillutiludugs
(fatty liver) 1 iwaLLaséﬂaaﬁﬁmwﬁuwﬁ&
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(cirrhosis) 1 316 TffUasfliuinaeiiedy
150 srwuvadu 2 ngu Aenduiinsrade
7% bolus tracking Sauffunsiaama
AsawnyU (scan  delay) lUdn 50 3uni
naudl 2 predEiERaaTs ALY
(scan delay) Asfi 70 Fundi Feyaiiugiu
yosnguinogauandlumed 1 nguds
7599 bolus tracking Wuwewne 41 Ay
wAmdls 30 AU 91gLade 64 (SD 11.2) T

wagtmdndfsegiu 50 (or  15) Alanfu
dwifnladsanlasiu Lean body weight
Foyansznedulindfidade 42.3 (D
6.7) Mlan3u ngu3Snya fixed delay 1Ju
WAYe 42 e inemda 33 A Aadeony
52 (SD 13.7) ¥ faudsimiindnisnszane
Ladduldeun@nansspardsegiudu 54
(igr 18) Alan3u

M99 1: YoyaitugIuYeINguiieg1931NN1IMTIA bolus tracking Uae fixed delay

Factor

Scan protocol

fixed delay
(n=75) n (%)

bolus tracking
(n=75) n (%)

Sex, male

Sex, female

Age (years) mean + SD

Body weight (kg) median (igr) (min-
max)

Lean body weight (kg) mean + SD

41(54.8%) 42(56%)
34(45.3%) 33(44%)
64+11.2 52+13.7

50(15)(35 - 88) 54(18)(29 - 145)

42.1+6.7 -

Note: Fixed delay method is retrospective study uses the body weight for calculate

contrast media’s volume but bolus tracking method is prospective study uses lean

body weight.

A9l uiguraldisusu e
JEmsnTIvieEesiseeain independent
t-test Ay Wilcoxon’s ranksum test
WU AeABYes CT  number 989 33
bolus tracking waz3s fixed delay figtedd
TuifesunouldSuansiiutedunnsineiu
ag9ltpdAYN9ads  (p-value=0.004)
Tufedundslasuansivsedunnsneiu
pg1ultud1AYN19anA  (p-value=0.004)
luraendan@n inferior vena cava Ly
wane1anueg Il ded1Agynisada
(p-value=0.62) A s g1uvDds CT
number Turaoalaonume (aorta) LANAY

fueg1eiidediAey  (p-value=0.001) Tu
NaenLanA189dy (portal vein) uANFIA
AuadedltudAy (pvalue=0.02) 1y
(spleen) wansn9Aua g1l dad1Agy
(p-value=0.005) Haf19Y9AT CT
number Tuifesuneuvdsliasiivsed
Yaunnenueg 19l ded1Agn19aia
(p-value=0.02) UFuruarsfiulaunneig
Aueg19lded1Agyn19adf (p-value=0.06)
wazUsunaleleduldunnarsiusgned
Hud1Agyn19adf (p-value=0.05) A4
wanswalilumsad 2
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AN9199 2 NMTUTHUTIBURNALTNUI N a09N159M 579 bolus tracking ey fixed delay

Scan Protocol

Measurement object p-value
bolus tracking fixed delay

Liver parenchyma non contrast (HU)
mean + SD 58.8+5.9 56+5.9 0.004 < 0.05
Liver parenchyma with contrast (HU)
mean + SD 113.7+10.9 107.4+15 0.004 < 0.05
Inferior vena cava with contrast (HU)
mean + SD 111.6+19.8 109.8+22.6 0.62
Abdominal aorta with contrast (HU)
median (igr) (min-max) 154.5(18.9)(120-208) 143.7(27.4)(87.4-254.7)  0.001 < 0.05
Portal vein with contrast (HU)
median (igr) (min-max) 153 (19.6)(104.7-227.8)  140.4(33.2)(77.6-250) 0.02 < 0.05
Spleen with contrast (HU)
median (igr) (min-max) 117.6(16.6)(94.9-157.2)  111.6(19.9)(78.1-182.3)  0.005 < 0.05
Contrast of liver (pre-post) (HU)
median (igr) (min-max) 53.3(13.8)(37.2-84.5) 49.3(17.9)X21.7-96.7) 0.02 < 0.05
Contrast media volume (ml)
median (igr) (min-max) 89(23)(64-120) 80(20)(60-120) 0.06
lodine dose (mg)
median (igr) (min-max) 26.8(6.5)(19.1-39.6) 24(6)(18-36) 0.05

3197t 3 uanaman sz uFY
A MTDINTHaeTaAe 2 F8Tne%ed
wnng 3 MuUSeuiisuaisegIueeaie
a0R Wilcoxon’s ranksum test A11/A1514
7 4 wuihfadunndvinuil 1 Hudnaniw
yaannane3adanisnisasaadisaedly
wanuANA1IRueg 1l Ted 1 Aynieadfd
pvalue=0.3  Feduwngvinuii 2 wiud
AN MBI INENBIEINTENTATIRI

'
aaa

dosunna1nueg19lded 1Ay n1eadan
pvalue=0.01 §e@unmevinud 3 i
AN INYRIN WA IERINTE NIRRT
aosldunnuanaiueg1eidudfgynig
adf7 pvalue=0.1 wlemanisusziiu
veefsdunndiia 3 MnunimAaduda
Wisuifsunuiamninvesiinismans
aouananeiueg e ivedfynieadni
p-value=0.03

A519% 3 maﬂﬁﬂizl,ﬁuﬁmﬂmmwsuaﬂmwé’aﬁmmmimaﬁ] bolus tracking iag fixed delay

bolus tracking (n=75) n (%)

fixed delay (n=75) n (%)

Grade Radiologist1 Radiologist2 Radiologist3 Radiologist1 Radiologist2 Radiologist3
Excellent(4) 58(77.3%) 56(74.8%) 31(41.3%) 51(68%) 40(53.3%) 24(32%)
Good(3) 9(12.1%) 14(18.6%) 33(44%) 17(22.6%) 28(37.3%) 33(44%)
Fair(2) 7(9.3%) 5(6.6%) 11(14.7%) 5(6.7%) 5(6.7%) 17(22.7%)
Poor(1) 1(1.3%) 0 0 2(2.7%) 2(2.7%) 1(1.3%)
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M19199 4 N15TEUTIEUAUANNINYDININS1FUBIN159 529 bolus tracking Uae fixed delay

Scan Protocol
Radiologist p-value

bolus tracking fixed delay
Radiologist 1 median (igr) (min-max) 4(0)(1-4) 4(1)(1-4) 0.3
Radiologist 2 median (igr) (min-max) 4(1)(2-4) 4(1)(1-4) 0.01 < 0.05
Radiologist 3 median (igr) (min-max) 3(1)(2-4) 3(1)(1-4) 0.1
Average median (igr) (min-max) 3.7(0.7)1.7-4) 3.3(1)(1-4) 0.03 < 0.05
n1saAuTIeNa Tunsawnuatendsandidnansiivsedly

nsfnuitnguizasdiiie
DOALUULAENAUINLNATANITATID
Ahedelsadeinioaenisdnsufinnes
U94909%09 portal venous phase Twil
ANULLUET TN AUANBULLANIZAIVDY
HUlsusazAuLazninvafuAMaNwy
maamsawiﬂmummwuu NATANYT
U9 Masayuki Kanematsu® WavAnzi304
“Portal Venous-Phase CT of the Liver
in Patients without Chronic Liver
Damage: Does Portal-Inflow Tracking
Improve  Enhancement and Image
Quality” TnamuuanILnLanig19 bolus
tracking Tuduunilesing 9 AunUIINITIN
ALY bolus tracking Tunasaidanen
superior mesenteric vein T duves
a1siuadluszegueInIInTIvEIgaRAny
FoRana1nlun15I19AIULNUIN1TIng
levvinunasmdeniautmbniings
wdoulmamynielainlidundaly
wluoukaylAAIUSuMENTTUSYE  (peak
enhancement)  luidiosulsigavirfings
A15AN®IV8Y Matthew  Benbow' uae
ANIZLEBY “Timing  of  portovenous
(hepatic) phase abdominal CT” wWui1
arlunisaunulusses portal  venous
phase flunzaudandu 2 whwesaii
A1 CT. number lunasaidon aorta
#8 bolus tracking Heszauiifiviun 3
Dululfennluma fianias fvusdiaan

Wwi1 Gary D. Schweiger® wazmnyl
¥in1sfinuwides “Optimizing  Contrast
Enhancement During Helical CT of the
Liver: A Comparison of Two Bolus
Tracking Technique” WUI1IBNITALNU
(dynamic scan) Annuan1sinavesans
ﬁ’u%’qaa‘ehwimﬁawul.%"]gimamLﬁam
portal vein ud3uawnuasnanduszes
994 portal venous phase mnﬁqmmﬁﬁ
TigUaglasuusunusiduagansiiviedun
Auly andesriadinuluanuidedinarnn
Aidedslaeenuuuismansivluidlagfinw
WiguisuminlBalTinauaznunmues
Anssdnumatian1sesanuuANNUI Tu
N19M919L0NWLIIABUNILADITDIN O3]
aYozdmunedidfylunisnsefesu
fedudddnmusssulunisUsaduannin
29901150573 108570 wan 1sAnw UL
Usunandlewseuifisunisunsnszane
(enhancement) wasansiiufedluifosu
91nA" CT number T8Ve33n15AT399 2
WUI1I5 bolus tracking #A15E1INS 90.6
HU s 142.5 HU Anwads 113.7 (SD 10.9)
HU 78 fixed delay #A198%3I19 68.6 HU
41575 HU eede 1043 (D 15)
ALaABY8935 bolus tracking  ganinis
fixed delay og198dpd1AYNIADH
(p-value=0.004) \flenaasun1snszany
Joyasig Shapiro and Wilk test 40467
wsUSmnailitnauaimusinisnsiafe
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#1 CT number Tuilesufilsuansiivyed
NaDALAOALLAY aorta aBALABAA portal
vein Laznasnldona inferior vena cava
U35 bolus tracking in1snszanedies

Bolus tracking

lusyaugeuazainianandnis fixed delay
waneliifiuinn1sns1anie3s bolus
tracking ¢/luszue portal venous phase
v 1
NNANTD fixed  delay  993UN 3

p<0.001 p<0.001

. L ]
p=0.17

24
~ =0.03
- p=0.006 .
=2 .
=3 . '
% - —
5 _ p=0.8
23, Po° —
c
3
E . * +
g1 2 .
- 3
1
2 i
I Liver with contrast
ST Portal Vein

[E2EN Aorta

—_ 4 ] Inferior Vena Cava

5UN 3 wanenaUseuliisun1snszaneuasnnin CT numberyainisnsaa bolus tracking was fixed delay

dlehnszsivsunanisldansiiv
LeAnuintednsianisnsaaliunnsnaiy
0819 8d1Any (pvalue=0.06)  udiile
VAAOUNTINTEABVBITBLANUTNTF bolus
tracking (p-value=0.2) fin15n3za186

Bolus tracking

80

Contrast Media Volume(ml)

asianendni’ fixed delay (p-
value=0.004) uansloifiuinnisldansiiv
$9d1uds bolus tracking fAudwIzAU
dhuedngannninis fixed delay LaAIAs
gﬂﬁ il

Fixed delay

p-value=0.16

p-value=0.005

3Uf 4 ugasnsiSeuliisunisnszanevastBinanislyansiiuiedveinimea bolus tracking uas fixed delay
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Fatunslddminuesiiaevia
Tasulasiunanadsunaeansiusdany
BildlunsfnuIsdianumnzausuei
fUasunndinisldimdnlassauun
AUSIIMEIENAL Tuiunnn
Tnon1sUsziiuvesfedunndinn 3 vinu
NUIANLIEEFIUTDINANITUSTIIUAMAIN
Tneiadedd bolus tracking Wiy 3.7 (0.7)
11NN3133 fixed delay fidiAwiafu 3.3 (1)
wandafueg1eddod1dyni1sadad
p-value=0.03

a v

daiilgannmsanuidedae 1an
TunsaununsIafiudugduiusiusns
nsivadeuladinuaznedaninvesUae
mlrnmaesidaiunsaunanisigaziden
nene3nianaznesaninlansemiud
WNIRBINITINDINsIAUSIauansTIUSd
ﬁL%mwauﬁUQﬂwLmasiw ldunuse
ﬁfa’aLﬁuvLiJT,mEJLawwiuﬁjﬂwﬁﬁmﬁmaﬂw
guvseiin1izeiu MANANSANT LA
USuraazaunmuansliiiuinisnig
A339LNULIIABUNILADSUDIV B89 Porto-
Venous Phase #7835 bolus tracking
fini135 fixed delay WldogiAnogadl
YA 19ans
Jaduanuzlunisiinanisideluly

ITNIRTIAENYLTIADUNILADS
48971949 Porto-Venous Phase alginaila
bolus tracking 1Juisfivaeifiuniny
wslugaaanlunsaLALAINTINT NS
TUSunaansiiused i zauenaiinay
Ejasnml,auﬁm%umau szegaanlunisg
WEeuns19uInTuLAR A NSy

TnglanizegaBadunguiiaeiineis
annesssuuluaivulainuaziiaineil
waneas Ysenauiumsldisnisnsiaiiy
finsldUsunmansfiusadnladsinisfu
dnwmMeianigiivesUiesiudia
AMNUALIA1YBINTTALAUATITdDARa DY
AUANYUENIINIBTAIALATNEITANIN
FafuisnsnsiafiennuuuLasRauITy
Imamﬁﬂﬁugmmm’luﬁﬂwﬁ%’wmﬂ 1
wmaauLLaxgﬁmmiimﬁ’uLmﬁﬂ’i‘%mﬁﬁ
AnfuLiisdusdanumunzauiunisld
mumu@ma”nwmzﬂuaqLﬂ%“aqﬁ%’maw%w
Yamheay Ahdyiavtisansyesiian
TunawFeunsnsafe s asuichoy
asiudeyanisguasiiaslinsudaundy
drunatulnUSunuansivsedliatamin
AASinauneurnIsnsIaaz sl
msu’%ﬂﬁ@:ﬂwﬁﬂﬁimﬁa?ﬁsﬁu
Fowsvauuzlumsinisendesialy
nannIshayIsn1styansiused
g19asundasluniuanududuaes
lolefu 8ns1n15lrasiiused Tnetanny
SUZLIAIVDINIINTIITLMUIZEL T99719
Fududeafiungunaaeuiiouyuidsu
Hadesnerlnntudielildnansmnassd
s umeAugiaenindeiu uenaini
wuIRRAINNTSANYIIdeludIuveInS A
ansfiufedigaanunsailuussgndldiy
A15ASINYLTIABUNILABDSVDID T
SueiielinimaneSdanunsouanssy i
AUULANAIIUD A1 I71USE (contrast
enhancement) Mufiesnis
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