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Application of basis material decomposition technique with energy spectral CT in the quantitative

study on blood flows in cirrhotic liver and healthy liver
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Abstract: Objective To evaluate the application value of basis material decomposition technique with energy spectral CT in the
quantitative study of blood flows in Child-Pugh A cirrhotic liver and healthy liver. Methods Thirty patients who were diagnosed
with Child-Pugh A liver cirrhosis and examined with upper-abdomen enhanced CT were enrolled as liver cirrhosis group, while
30 subjects without any abnormality in the enhanced CT examination of liver and portal vein were selected as healthy liver group.
All patients underwent energy spectral CT imaging, and the images of 70 keV monochromatic energy and iodine-based material
decomposition were reconstructed. The CT values and iodine concentrations of different liver lobes (caudate lobe, left lateral
lobe, left inner lobe, right anterior lobe and right posterior lobe) were measured on 70 keV monochromatic energy and iodine-
based material decomposition images in both arterial phase and portal venous phase. The arterial iodine fraction and portal venous
iodine concentration (PVIC) of the liver were also calculated. These spectral parameters between two groups were compared
with independent sample ¢ test. Finally, receiver operating characteristic curve was used for analyzing the diagnostic performance
of each spectral parameter. Results The CT values and iodine concentrations of liver cirrhosis group in the arterial phase were
similar to those of healthy liver group (P>0.05), but the CT values and iodine concentrations of liver cirrhosis group in the portal
venous phase were significantly lower than those of healthy liver group (P<0.05). Compared with healthy liver group, liver
cirrhosis group had slightly higher arterial iodine fractions (£>0.05) and significantly lower PVIC (P<0.05). The average iodine

concentration of liver in the portal venous phase which was 21.47 mg/mL was used as the threshold value to evaluate the blood

(75 B #7]2019-05-07

(BT E 1By B 24 K s S0 Zeado s mr s H (2017jg06)
(1B RN VTS, WA W57 1] : BB EAZ 2, E-mail: 395654582@qq.com
[EfEEE VS ok, 3R B0, TF5E 7 ) IR 122 , E-mail: 113124329@qq.com



10

, & CT

e

[l

il

flow between cirrhotic liver and healthy liver, the area under receiver operating characteristic curve was 0.790, with a sensitivity
of 77.8% and a specificity of 83.3%, which was significantly higher than the diagnostic performance of CT values and PVIC.
Conclusion The basis material decomposition technique with energy spectral CT can be used to assess the hemodynamic changes
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and differences between cirrhotic liver and healthy liver, providing more evidence for the early diagnosis of liver cirrhosis.
Keywords: energy spectral CT; material decomposition; liver cirrhosis; blood flow quantification

JFAE A I B DL AR P P, B L~
AR I 20 0 A 5 T8 SV RO AL I 2T 24 20 2
A SR8 A B JIF 2T AL T REABL/ N 5 PR A 51 1Y
FERAE o IFREA R AR IR Z2 A B 2, B 72
(R 4 T , T IIE 2 2 45

CT -4 S = )3 kG Fr AT K 1T R IOk I 2 R vk R
HOIEH PR . WAFAFEIE=18 %, AJES 540
5, I R 1 7 B4 TR R RE i
SR 2 AR T AR 65 A T R 1T T g

BN [T JF O o 328 o4 e A #5840 A, 5 R P 30

FESRAG AL HEBR TP
G 8 IRTETE R S < A A SHTN

A PRSI R DA | 1] DK ST R S B LA v S
JFFAE I 45 5 A E 5 FFAE , DTS B0l PR U A

o REYPADITE 60 41, FFELLLE 30491, S50 17 4],

LE 13 B, A 43~78 % - 24 i (63.50+10.15)
4 TE IFIEAL 30 61, FPE 15 01, L bE 15 01 4R
46~77 % SFIAFIE (59.90412.52) % . TG 58 # 1
HEFHER CT 2292 B AT I B0, HL i 2y
‘ B B 2
FEY P, FRFRBCR R R B TIIT | e
T EER UG L EE . 22 IRE CT KA n] L P A v FH B T EE 25 K 22 W R I B GE
R HFRE AR EEIEAS IS G2 A R K S5 2 Discovery 750 HD 5 /1 REiif CT BUEHL . K mir bk
SRR ARAERE DB ML Sh ) ST MR LR iy o o 8 AR AT RUR S, TP
B3 5 CTJFFIEHE T AR B SR AT DS A3t A 0 34 1 2 B2 B WO |2 958 U3k | IR s % 4 s A
REAH B, 5L CT BT JUEHE LE U A B S T AT R i
$ DR FET RS BRI BB CTHURIE N s
AR B B T AL 58 CT IR CT (Hi2 B
P R, BETE CT 53 B HOA R LA i R H A3
FRE R R 2R R A (ANl 15T K ZE R4S
H AT DIy Jo 5 i A7 5 1

BH o DEAT RS B A, I B VAT A Uk
ach-el]
MR 2F] 2 0 AR g A2 1L

SE , T P )
?}ZIiEU-SJ

H

1) 356 B 15— 2 O6F b 7] AR B (350 mgl/mL) ,
BT LI B S R 2H 2 OB T AR IR O T4

T 4.0 mL/s. K H

K FHAE [ Ulrich @& H B G148, it 18-22 S He ik B8 &
B2 I E A g ki A % HE A B 0.8 mL/kg, X HE 7

o SCHRARIE 1 18 P08 T

AETE CT =W s 19 B i3, 1
TG ANGTH 05 1 em AP T4 FJ7 1 em, Sk
HFEAN [7) 344 5 S A A J38 I v L I 42 S e AR A 155 2
PP AL R AR A R, A S A R AR
CT X AR A5 16 AE A Sl IS R0 T Rk 0 ) O
CT {ELANIR BE A TN &, 31530 P IE 50 k) 73

] (Arterial Phase, AP ) % FH & & B {E fish & £ A, 7617
(Arterial Iodine Fraction, AIF) 1] #f [k 39 filt & &
A HeTE

TR J7 1 om 2 108 3 30 KA 6 PR 00 JR M X ik
(Region of Interest, ROL) , /i F 2l k4 N CT(HIA
200 HU B figh A2 4714, S BRI 45 U5 7354818 30

HHZE S mm, ZEEE S mm.,

=
120 s 71 1k 9] (Venous Phase, VP) | FE 3 14 ,
(Portal Venous lodine Concentration, PVIC) , § £ &

CT ZZBUSUR VAL T RE AL 55 1B 5 JTFE XU
I E TS AR A (EL

1 MR AE*E
1.1 HFEITH

WS B PG v = 24 A B R B 2018 4F 1 23
H &5 RI2 Wik i Ak Child-Pugh A 2% , H AR 2851

TR BRSO JTFAE AL 82, TR A L R PR e

1.3 #iEN=

A4 58 BT Fe Sl BRI L 1T 0 R R i 43 i)
F 70 keV HLRE R EIMG, HA)Z)E 1.25 mm, )2 8] H
1.25 mm, i f5 B L 1% 2 AW4.6 TAESH
THEARED G, >R GS1AHT R 4 A 2 A sy o 43
B EMG  SEBU T2 LR s AR 224

N P LN =1 L N S DT

01T FAUT PO 23 SR 3 S ELAR 24 10 mm 1Y
CT PN =S sl A A UL LB TS 72 K 1 ik

ROI, ROI A4 i & A PN 3 AL 145, 23 )i s 4
35 AN ROI 1M EL(H (Todine Concentration, IC) , BUT 4%
0585 728 £ Ao 4 (AR 2 ) 5 R R UAc 4 B T

-3/~ ROT A9-F-$2 B0 45 JF I 4 At J2 (P 1 A ]
2) AR T A B (3B T R A5 - 3 ok 2 sy



- 1202 - r [ R A A B

ARG %36 4%

%% ( Arterial Todine Fraction, AIF) FI11) 5 fiik 20y o & &
(Portal Venous Iodine Concentration, PVIC) , H.H' AIF
FE SCA I B0 ik BT a1 55 1 e IOk B A B 1) LA
(ATF=ICu/ICw) , PVIC 5& SR [) bk ST vk 132 5 5
Wi B 22 25 (PVIC=ICy-1Car ) o AR I 45 1 il
S5y IR A2 A I35 DA I A
M | HC v 2 A it 5 1 A2 N IO Y P 2
R A O B A T 5 A TS R Y
PR R A P B 8, I o P A RS AL 1)~ 206

b:70 keV E#BkEA R GEEE]

1 IEHEATREE

JHF IS 24 e O P 356 (1 %) A R A O,
TR B2 5 W) A AR P AIE 45 1 ATF A1 PVIC A A2
JHAT I ISP 34 LRI EL ATF F PVIC, Horp A2
A5 25 N ATF F1PVIC (5218 4 T 22 1 ATF
FPVIC, fFA7 AT M5 /47 J5 1 ATF 1 PVIC B2
A4 ATF A PVIC, FFAE FLI ATF #1 PVIC f9°F-3%
{84 T SE27 ATF F1PVIC, JTE .- AIF 1 PVIC Y
SRR PR A3 ATF AT PVIC,

c: B KERR AL [E d: [ IERBKEARAE[E

REEEIRMBEE

Fig.1 Monochromatic energy image and iodine—based material decomposition image of healthy liver
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Fig.2 Monochromatic energy image and iodine—based material decomposition image of cirrhotic liver
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Tab.1 General information in two groups of patients

ZH JHeEfbeH  ERHIEE St PE
P 17/13 15/15 0.184*°  >0.05
AEiS/% 64.50£10.18  59.94+12.82  1.537°  >0.05
1R kg 57.02+11.48  56.06£7.39  0.497°  >0.05

Fr/em 168.56+9.66  166.78+6.86  0.131°  >0.05

RIS U/kg - m®  20.50£3.46  20.28+3.33 03150 >0.05

aFR X' H:bFoR ofH

JHF A 2 P 3 ik 2 0 B ) bk 2R 8 0L 43 1T 1Y)
JE R A, e 249 25% B9 A IfL 3 F A B Bk A i,
75% 1 I 1M 38 P 1Tt af, HLAE RSk R 58 517
Ik R G eV 2 A 2@ S BRI 3l ik it
TR Mk L7 P 2 0 B T I AR 2E A A
SECE 5 VA LB Sk 10 I B G I L 37 8 7 2 )
BUEE . eI CT 2 AE— BRI ok FH IR
H T )34 R (80 KV 55 140 kV UL ), 77/ 40 keV &

=2 DEKEISEBKIARTAE &Rt CT ERILLER

Tab.2 Comparison of CT values of different liver lobes in arterial phase and portal venous phase

- kY CT {E/HU FR Ik CT {/HU
JHAEA2H EH L i P{H St 2H TEH L i PfH
JF ARt 70.14+6.47 72.11£7.21 -0.862 >0.05 113.02+15.58  129.79+18.84  -2.900  <0.05
JFZe5 67.29+9.98 69.48+6.71 -0.772 >0.05 111.92+13.39  124.87£14.65 -2.769  <0.05
JHZE 69.33+6.66 67.19+8.23 -0.855 >0.05 112781475  130.58+15.55  -3.523  <0.05
S i 69.81£9.05 69.78+5.59 0.012 >0.05 114.75+12.45  131.08+16.10  -3.403  <0.05
A R 69.52+9.30 69.30+7.67 0.078 >0.05 112541262 128.31£19.02  -2.929  <0.05
¥zt 67.24+8.67 69.41+6.32 -0.854 >0.05 112.35+13.41  127.73+14.34 3323  <0.05
JHA 69.6748.76 69.54+6.51 0.049 >0.05 113.65+12.28  129.69£17.31  -3.207  <0.05
FFAEFICT 68.46+8.08 69.47+5.91 -0.431 >0.05 113.00£12.59  128.71£15.33  -3.360  <0.05
FFRE A CT A 343.96+37.48  350.00+29.87 -0.534 >0.05 565.02£64.22  644.63£78.25 -3.337  <0.05
=3 BHAKERSERBKEART AL & IR E AUEE R
Tab.3 Comparison of iodine concentrations of different liver lobes in arterial phase and portal venous phase
58 KR (IC.) I TR B (1C.,)
JFREfRZ] EEFEEA A P{H SRl EEIFEEA A P{H
JH AR 9.66+2.72 9.64+2.44  0.031  >0.05 22.15+4.44  25.99+4.57 2564  <0.05
FZEshnt: 5.77+2.52 6.18+1.89  -0.555  >0.05 19.08£3.93  21.98+3.43 2363  <0.05
JF At 5.72+2.07 5.67+1.83 0.080  >0.05 19.39+3.65  23.14+4.02  -2.928  <0.05
AR 6.17+2.24 5.5742.05 0.837  >0.05 19.65£3.53  23.34+3.81  -3.014  <0.05
A R 6.41£2.50 5.98+2.14  0.557  >0.05 19.56+3.08  22.81+4.93 2372 <0.05
ST et 5.75+2.24 593+£1.80 -0.266  >0.05 19.23+3.67  22.56£3.56  -2.759  <0.05
A 6.29+2.26 5.78+2.05 0718  >0.05 19.61£3.19  23.08+429  -2.752  <0.05
JHFHEET- Yoy e 6.02+2.12 585179 0256  >0.05 19.42+£328  22.82+3.83  -2.859  <0.05
S S plge JiE 33.74+10.84  33.04+9.28  0.208  >0.05 99.83+16.65 117.27+19.45 -2.890  <0.05

140 keV 14 HLRE I GORIRED) 50 70 25 R A R 4]
A8 N T AR A e JSE T LA DA A A S 3
JEF S JB e AL A9y J P9 BB, T AL oA DA o HE R ) =
TR Y, 28 o MU AR A Bt I 800 0 4 AT

U, DA TG 368 ek %o JE S A R 25 O Al e Ry i ok
RS R L 3AE PR A2 A o Ik 0 A 2 e e fi 3 fk
R AL, D P D AU 58 S RIS ok B A £ 0 e
A3 FFFAE AT D) S5z P30 Jpk i F46 £ FEPAEE L 3 v e
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Tab.4 Comparison of arterial iodine fraction and portal venous iodine concentration
— BRI E (ATF ) /% I B IR i (PVIC ) /mgl - mL™
- L EANEME dE P FPRE(LAL  EANFME oE PMA
JiT Rk 45.03+14.47  38.10£11.05 1.614  >0.05 12.48+4.63 16.36£5.10  -2.386  <0.05
JHZehmE 31.71%15.11 28.7149.24 0.717 >0.05 13.30+4.47 16.80£3.80  -1.803  <0.05
FZE Pyt 30.58£12.60  25.22+9.12 1463 >0.05 13.67£3.97  17.47+4.41 2717  <0.05
JHA i 32.60+14.44  24.52+9.85 1.961 >0.05 13.48+3.89  17.77+4.34  -3.121  <0.05
Mt 33.53+14.91 27.14+10.68 1.479 >0.05 13.15+3.78 16.84£5.07  -2.473  <0.05
J et 31.08+£13.47  26.92+8.92 1.090  >0.05 13.49+4.08  16.63+4.01  -2.333  <0.05
i 33.03£14.12  25.79+10.09 1.770  >0.05 13.3243.70  17.30+4.63  -2.851  <0.05
JF RS- 254 32.06£13.49  26.38+9.06 1482 >0.05 13.40£3.77  16.97+423  -2.672  <0.05
FFNESFME  235.56+13.36  196.40+9.19 1.546  >0.05 66.09+18.92 842332149 -2.688  <0.05
&5 TJERBKEA CTERBLRE \ PVIC £ Child—Pugh A T AE{L 5 E B AT ATAIS BT HAE
Tab.5 Diagnostic performance of the CT value and iodine concentration in portal venous phase and PVIC in Child-
Pugh A cirrhotic liver and healthy liver
24 EYIED ik FHEA(AUC) U % FESEEE% B HEE(YD)
IO LK /mg - mL! 21.47 0.790 77.8 83.3 0.611
BRI S B /mg - mL 118.89 0.775 77.8 72.2 0.500
FebkIV-34 CT {E/HU 125.63 0.765 72.2 83.3 0.555
Fi I B CT {i/HU 605.30 0.738 55.6 88.9 0.445
ST RIS /mg - mL! 18.38 0.722 38.9 100.0 0.389
S TR PRI £ /mg - mL! 85.50 0.719 50.0 88.9 0.389
10 ROC i £ TEAWTFE R, i3 He AL 3l DK K 1] e Jik 0 JH I
et CTEAIREE  BFSCAE SR BUIFIE SN CT (A
um R BT ERFREALA S 1 H EEESE 225 5 (P>0.05),
—5FLE

o.4j>

0.0 T T
0.0 0.2 0.4 0.6 0.8 1.0

1P

3 NS EREAEEKE . CT EFR PVIC B ROC #h%k

Fig.3 Receiver operating characteristic (ROC) curves of iodine

concentration, CT value and PVIC in cirrhotic liver and healthy liver
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BEELBIAY 75% , 1117 RS AL IS T 555 45 ¥ A £ i AL YR
JHF LR A MU 4 7 1 sh 2SR A LA R B/ I 5 P A
TG, T 2O P9 T & A AR T R 1] R Dk
b I 7] 308 A e A o 7 A DR Ik s R 1D bk el
JUE 46 i BH S /0 TR BT LA Y B B R R T
DA JHF 20 Jok ARt AR A P 14, 51 Ak U 1 3 i e e
FOF A, 76 CT BUE L 51 CT (E FR AL A BB 1 AL
Pl b 7= A 1) e Ik 0 ) e 3 B S T B, T sh kG C T
{EURDRMLR B A AN 8 25 ATF S AT Bl Bk ft i o
JHFRE A %) E ), PVIC 2 BRI 8 1D bk A i o, A
WF5E Ak ATF R 8 1E 5 JFFRE (P>0.05 ) , T i A
16 PVIC & 1L F 1E 5 AR (P<0.05) , 3% A Bl 4 T A
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o FH AP M0 308 2 o A I ARAF 5 285 5w I R R
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Eb A1) 2 9
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GRS 5 G, AN AT LA s PR 36 A48 1 £ 11
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