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Study of CT spectral imaging in the differentiation of hepatocellular carcinoma and hepatic hemangioma
LI Wei-xia, LIN Xiao-zhu, ZHANG Jing, et al. Department of Radiology, Ruijin Hospital, Shanghai
Jiaotong University School of Medicine,Shanghai 200025, China

[ Abstract] Objective: To study the value of CT spectral imaging in the differentiation of hepato-
cellular carcinoma (HCC) and hepatic hemangioma (HH) by analyzing the related difference of pa-
rameters. Methods: A total of 44 patients with space occupying lesion of liver including HCC (n=31)
and HH (n=14) were recruited. All underwent spectral CT scanning to obtain a series of spectral im-
ages of arterial phase (AP) and portal vein phase (PP). From 40~140keV in AP and PP, the mean CT
values of single energy,lodine concentration (IC,, ), water concentration (WC,,,WC,,) of the lesions
at every 10keV were measured,and the slope of spectral curves (S,,,S,,) standardized lodine concen-
tration in arterial phase (NIC), lesion lodine uptake ratio (IUR,,) and lodine concentration ratio
(ICR) were calculated. Results: The mean CT values of HH group from 40~ 140kev in AP and from
40~90kev in PP were significantly lower than that of HCC group, with statistic difference (all P<C
0.05). There were statistically significant differences in SD at energy levels from 40 to 100keV during
PP between HCC and HH group. There were significant differences in 1UR,,,IUR,,,S,,,S,,,NIC,,,
1C,,,1C,, and ICR between HCC and HH group (all P<C0.05). The best spectral parameter in differ-
entiating HCC and HH was the mean CT values in AP on 50keV,with the cutoff value as 106. 87HU,
area under the ROC curves (0. 898),the sensitivity and specificity was 90. 3% and 82. 4% respective-
ly. Then, the next was ICR, with the cutoff value as 0. 61,area under ROC 0. 890, and the sensitivity

and specificity in differential diagnosis was 87. 1% and 82. 4% respectively. Conclusion: Multi-parame-
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ter analysis of CT spectral imaging, especially the mean CT value at 50keV in AP and ICR, could be
helpful in the differential diagnosis of HCC from HH.
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X-ray computed; CT spectral imaging; Spectral curve
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SFE B ik B B R AR AR BT RS AR AR
X AE A HCC 5 HH (% % 5112 Wi 15 A — & T Mk
11 i 96 S U3 B 1) 2 112 W RNA T 7 S G B E 2
SO TS B 2R R R i R A M E . A
WEFE N BB CT 3 5 49 4 U fR . e HCC 5 HH
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2. K#Jrk

B B % % A feig CT (Discovery CT750
HD, E Healthcare, Milwaukee, WI, USA) 7 F iE# CT
WA SR g s . 2R E KA AT H MR R AR
B KA HE RA KA oK 800~1000 mL LA
g A AGIE L LR T B BT B4R G &R R

%1 HCCH HH E# M REHRE )

AR HCC HH
B (M/F) 26/5 2/11
FH (%) 57.0416.0 48.0+18.0
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M mA FARVEHRE 120 kVp, B $5 8l 10~
1288085 0. 984 MEE 47 58 J% 0. 625 mm X 64, )22 /JZ
[R5 mm ., 3 9% 49 45 28 A0 J] RF e Dk T S 0T L 7]
W (300 mg I/mL), 5 & &y 80 ~ 100 mL, {3 5 i %
3 mL/s, Bk —BERFA Smart Prep A 80725 I 12
F Bk, W EE S 100 HU , W00 IF 45 1 8] 24 12 s, 1]
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A LS SRR . S A e R Oy 5
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VE 45 fiE (receiver operating characteristic, ROC) i £k
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P<C0.05 ESAGITFEL.
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P A1) SD E 25 5 398 Ge 27 3 L (P {5 4 <C0. 05,
# 3), H HCC 5 HH 4] [1 TUR,,.IUR,,.S,,.S,,.
NIC,,.1C,, . IC,, \ICR 2= 5 ¥ G123 L (P {H <
0. 05,4 4) ; {H P 2H ] 2 ik 3 25 Fr g i CT {19 SD B
CEPg AEA B PR BT Bk 110 ~140 keV B i By
SD fH 25 R B TG 12 L (P {E¥>>0.05,% 3.5),

2. FE RS ENZWRE ) LK

%5 HCC 5 HH M e HERE % o 5 S 50 3l ik
50 keV AR CT A (35 6) . B{f K 106. 87 HU,
ROC £ T AR 0. 898, %5 51|12 Wb 9 & 1) B0 I

%2 HEATEHEHCCE HHWEHCTE (HO

BB K F HH HCC U 14 P i
h bk A

40 keV 102.77+£57.02 210.024125.86 55.00 <C0.001*
50 keV  81.67+36.37 156.91488.30 54.00 <C0.001*
60 keV  66.45423.41 119.42460.51 58.00 <0.001*
70keV  59.31417.24  96.78444.14  62.00 <0.001*
80 keV  54.65415.29  82.41+432.44  66.00 <0.001"
90 keV  48.65+15.52  71.154+26.26 81.00 <0.001*
100 keV  47.45416.05  65.59423.10  98.00 <0.001*
110 keV  46.99£15.41  61.76422.33 118.00 0.002*
120 keV  45.56415.06  59.73420.55 128.50  0.004*
130 keV  44.084+14.76  56.83417.85 139.00 0.007*
140 keV  42.89414.21  53.914£17.17 153.00 0.017*
17 Bk A
40keV  179.57-489.33 246.44-+78.64 116.00 0.001"
50keV  131.95+58.34 176.12450.17 127.00  0.003*
60keV  102.98-£40.96 132.85436.90 134.00 0.005*
70keV  84.44-428.58 105.22425.08 138.00 0.007"
80keV ~ 72.55+22.82  87.80419.68 142.00 0.009*
90keV  64.49419.53  74.59420.77 157.50 0. 022°
100keV  59.0418.46  66.74+22.09 178.00  0.066
110keV  54.73+17.71  60.70420.18 190.00  0.113
120keV  50.80416.64  56.48417.06 202.00  0.185
130keV  47.874£15.76  52.38414.27 213.00  0.276
140keV  47.05415.01  49.15413.31 215.00  0.296
e P RS BCHE R P 45 4 - v 42 4 3 A ;¢ P<<0. 05,
%3 [Th# HCC 5§ HH 3 CT w47 £(SD)

#he AP HH HCC U 14 P&
40keV 125.30473.50 52.414+30.98  74.00 <C0.001*
50keV 81.20446.81  36.39£23.47  77.00 <<0.001*
60keV 54.92431.65 26.65+15.34 81.00 <<0.001*
70keV 39.25421.45  17.6349.29  81.00 <0.001"
80keV 32.81413.96  19.2346.24  82.00 <0.001*
90keV 28.8948.62  21.07410.69 115.00 <0.001*
100keV 27.20+5.05 21.02+13. 36 160. 00 0.026*
110keV 24.88-+6.76  20.76415.49 186.00  0.0276
120keV 24.868.45  20.67416.96 213.00  0.348
130keV 24.724£10.42  20.864£17.96 220.00  0.419
140keV 24.31411.75  20.01£18.69  226.00 —

TR PARSN KB A P ALK v A 3E A R 0 P<<0. 05,

x4 HREIRH HCCH HH AR ERES R LR

REHAK HH HCC U 18 P

Gy (water) ) 75 79 2.0441.51 58.00 <C0.001"
(mg/mL)

IC,, Cwater) 701 2.5641.17  123.00  0.002*
(mg/mlL)

WCq Godine) a7 77411 19 1038.99412.22 256,00  0.0872
(mg/ml)

WGy, Godine) 100 991 16,80 1035, 6741253 242.00 <0, 643
(mg/mL)

ICR 0.45-+0.18 0.8140.26  58.00 <<0.001*
IUR,, 1.22+0. 61 2.70+£1.75  71.00 <C0.001*
IUR,, 0.57-0. 30 0.9340.32  109.00  0.002*
NIC,, 0.06-£0. 06 0.1740.13  97.00 <<0.001"

Sap 1.01+0. 98 2.78+2.06  58.00 <C0.001*

Spp 2.34=+1.36 3.48+1.58  123.00 0.007*
E: e PSS HEH AP AKX T EE LR P<0.05,
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%5 sk HCC § HH ¥ CT @ #yr £ (SD)

k7 BEEIRENARELZESHN ROCH LML R

LN HH HCC U 1L P 1

40keV 74.15454.18  62.04=£20.15 217.00 0. 407
50keV 48.04+35.43  42.53420.06 243.50 0. 666
60keV 33.63+23.01 32.38413.48 257.00 0. 889
70keV 23.63415.87 21.8246.81  257.00 0. 889
80keV 21.84+£7.10 20.6146.27  232.00 0. 497
90keV 23.60x4.95 19.8749.70  206.00 0.215
100keV 24.2446.80 19.714£12.49  225.00 0.551
110keV 23.0047.59 20.26+14.37  228.00 0. 444
120keV 23.23%£8.71 19.52£15.70  236.00 0.553
130keV 23.45%+9.56 19.64£16.79  238.00 0.583
140keV 23.67210.21 19.44=217.64  235.00 0. 539

E TR PALSN BB A P w4 W FE A R P<<0. 05,
e S BE 4 R 90, 3% F 82, 4% s Hik Sl ICR(F 7) L
50 0.61,ROC £ T AL Ry 0. 890, % 5l 12 Wr i &
) AR R R S BB 0 9 Sl 87 1Y A 82. 4%, 1) ki
SD %) HCC 5 HH e H R i KPRy 40 ke V(R
8) . [ {E N 98. 08, ROC {1 £k T mi £ 0. 860, % 51 2
W7 PR 5 14 R B R R S 8 4 0] 82. 404 T 90. 3%,
FTHKA-25 CT AE %% HCC 5 HH % & 5 fe i K
A 40 ke V(R 9, B A 195. 36 HU,ROC #i£k

10 AR 0. 780, % 51l 12 Wt 1 24 1) BICIRR BE ARy S5 B 43 i)

h 83. 9% Hl 64. 7%,

%6 #ik# HCCH HH #3 CTEHROC g4t R

40keV 0. 896 151. 16 87.1 88.2 <0.001"
50keV 0.898 106. 87 90.3 82.4 <0.001*
60keV 0. 890 84.76 90. 3 82.4 <0.001*
70keV 0. 882 70. 83 90. 3 82.4 <0.001*
80keV 0. 875 60. 37 90. 3 76.5 <0.001*
90keV 0. 846 57.19 83.9 76.5 <0.001*
100keV 0.814 62.93 58.1 94.1 0. 001"
110keV 0.776 60.92 54. 8 94.1 0.002*
120keV 0.756 59.65 51.6 100 0.004"
130keV 0.736 55.32 54.8 94.1 0.007"
140keV 0.710 54. 47 48. 4 94.1 0.017"

E:" P<0.05.PHAATHHMMELEETFH CTMHEATERNS
Wi HCC 5 HH & £ %t % & L. P<<0. 05 mM A A %t % & L ROC
WA SR E AR LT T (Tiﬁ%\kyﬁé%\ﬁfiﬂﬁﬁ HCC,

— BART  HAG  BEE HAA
Fi A A N S
1C,, 0. 890 13. 66 80. 6 88.2 <20.001"
1C,, 0.767 22. 36 71.0 76.5 0.002"
WC,, 0.514 1039. 04 51.6 64.7 0.872
WC,, 0.541 1039. 05 47.1 74.2 0.643
ICR 0. 890 0.61 87.1 82.4 <C0.001~
TUR,, 0. 865 1.52 83.9 88.2 <20.001~
IUR,, 0.793  0.74  77.4  82.4  0.001"
NIC,, 0. 816 0.08 90. 3 76.5 <£0. 001"
Sip 0. 890 1. 85 80. 6 88.2 <0.001"
S, 0.767  3.03 710 76.5  0.002"

A" P<<0.05,P Ak ®F BRI AT BRI & 38 2 A %M T %

4 HCC 5 HH A £ 4it & L. P<<0. 05 M R & H 4%it 3 & 3L
ROC ¥ K MR 2 A & ik 2 T AHEM K, MA & T4 w4 HCC,

%8 [TH#HHCC 5 HH #3 CT & SD # ROC & & 247 4 &

boop = WEART B8 AR F 5t &

it T JE AT M re
T0keV  0.860  98.08  82.4  90.3 <0.001°
50keV 0. 854 64. 35 82.4 90. 3 <20. 001~
60keV  0.846 42,84  88.2  83.9  <0.001°
70keV  0.846  29.99  88.2  87.1 <0.001"
$okeV  0.844 22,07 941  77.4  <0.001"
90keV  0.780 24,08  88.2 645  0.001"
100keV  0.696  23.52 82,4 645  0.026°
10keV  0.647  20.82  88.2 5.6 0.095
120keV  0.596  23.33 58,8 710  0.393
130keV  0.583  16.22 941  35.5  0.348
140keV 0571 1578 94.1  35.5  0.419

E.° P<0.05,PAAAFIMRMELG T T CT ey SD A T X
#4 ¥ HCC 5 HH ﬁﬁ%fr%%x,P<o 05 W K EZ A %t 5 &
ROC 2 #1624 S M 546 5 F 4 CT A K A A G T4 b
HCC,

%9 MEHHCCEH HH T4 CTE# ROC B & 411 % &

oo WET R R
40keV 0.780  195.36  83.9 64.7 0.001*
50keV 0.759  162.24  67.7 82. 4 0.003*
60keV 0.746  106.26  83.9 64.7 0. 005"
70keV 0.738  91.59 77.4 70.6 0.007*
80keV 0.731  80.21 67.7 76.5 0.009*
90keV 0.701 69. 37 64.5 76.5 0.022*
100keV 0.662  61.40 64.5 70. 6 0.065
110keV 0.639  60.58 51.6 76.5 0.113
120keV 0.617  56.29 51.6 70. 6 0.185
130keV 0.596  59.06 32.3 94. 1 0.276
140keV 0.592  54.64 38.7 8.2 0.296

E: P<0.05,PHEATIIMRBAELEETTFH CTHEATERNS
Wy HCC 5 HH A £ %4t % & L, P<<0. 05 W & & A %3+ % & 3L; ROC
W 2K 5 AR T A S AR AT CT A K, M4 & T4 i 4 HCC,
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HHr, geil CT Zh AR 5315 1 T4 b & %5112
Wr HCC 5 HH % SCHk [ A st 0 43 B
FF I S 806 BR AR SCAR AR G2 43 B 1 3 iOm e 171 ik
] 40~140 keV H:F% 10 keV 3£ 11 A FLfE 5 K7 (-
¥ CT {8 K SD AR . ik PP AG 1 2 bk 9 22 1T Bk 1C,,,
IC,, .WC,,. WC,,.NIC.S,,.S,, . IUR,, .TUR,, % & &
ZHAE %2 HCC 5 HH i E .

GSI 5 4 g% CT (Discovery CT750HD) #2441
BT A BRI 40~140 keV 3£ 101 A4~ keV [y HR
A%, — 7 1 a] DA AT Y 101 A HRE = RS
KWL EE F 43 B kb B RRAE L o5 — T T, B AR A R R e
ZAL SR A BE A AR T A 2 AR B AL PR 52 BT T OR 1 52
Wi AT DA SRAS RS g CT 0 DTG R P AT fig
LSRG R D CT I (B AH T e A i 25 5], A
WEFE 3l Bk 1 40 ~ 140 keV BE & B 1T Bk 40 ~
90 ke VREH Bt HH H 1Y & P Hfe s CT (11 B E A%
T HCC A, 25 ¥ A G123 L (P {E#4<<0.05), H
LK 50 keV 1734 CT {1912 W 40 1 55 & » 9918
Sy 106. 87 HU, #J8k JB FRe 5 5 43 51 24 90. 3% F0I
82.4 %0 s F WA '] Bk 01 B BE /K F- Ol 40 keV [y SD
{E, BB 2l 98. 08, HIURK B LRy 5 5 43 00 oy 82. 406 il
90. 3%, TWITHKHIF¥ CT {H% 512 W HCC 5 HH
() fe A B BE UK R 40 keV, B A 195. 36 HU,
ROC iy £ & 1 A2 0. 780, 5% BE FRR ¢ 8 43 )
83. 9% M 64. 7% . DAL E RS T W E 1%
S2 W, HAE— o 8 b 5 R G 2% 3 BT iR B 1 HRRE i
R JEH AR 70~90 keV K P Br i e & CT {H4A
F/N HCC (G AR AF 2 AR B 9T 45 3 B on HH
TPk 40~100 keV e i B SD {H i ¥ & T HCC
4 .4¢/x HH 5 HCC 4 7E T Pk A By bk iy 22 7 B
A Gt F B BAE MR R R A L

GST E A eI CT RSB T 3 W) 5 43 B3 A0 3 1 47
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