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DI1~D3 XIAHSCHE R R E ST 5 22 d 2k 1A 437 J5 2 P JH4a 4830 A LT RE Y S i P 2R
SR 2 RAMbE SR FLV . FLD B WAR T 50 — M (3 P<0.01) 5 K32 R4 D1 XK
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Abstract

Key words

Background and Aims: Existing studies have shown that hepatic vascular involvement and tumor compression
are closely related to the decline of regional liver function. Dynamic SPECT/CT *"Tc-galactosyl-human serum
albumin (GSA) imaging has been proved to be a more accurate technique for regional assessment of liver
function. Previous studies have used this technique to elucidate the changes of regional liver function after vascular
involvement, but there is still a lack of quantitative research on the effect of tumor mechanical compression on
regional liver function. The purpose of this study was to investigate the effect of mechanical compression of tumor
on the function of its adjacent liver tissue.

Methods: The SPECT/CT imaging and clinical data of 45 patients with primary liver cancer were retrospectively
analyzed. Of the patients, 14 patients had vascular or biliary invasion or received liver radiotherapy (affected
group), and 31 patients had no such situations (non-affected group). After the corresponding areas at 2, 4 and
6 cm from the edge of the tumor (D1, D2, D3) and hemihepatic lobe regions on the CT images were drawn, the
morphological liver volume (MLV) of above areas were calculated. Functional liver volume (FLV), functional liver
density (FLD) and hepatocyte uptake rate constant (GSA-K) of bilateral lobes and D1-D3 regions were calculated
after further fusion of SPECT image and CT image. The relevant variables of liver lobes in affected group and of
D1-D3 regions within the two groups were compared. Correlation analysis and multiple linear regression analysis
were used to analyze the influencing factors of the function of liver tissue adjacent to primary liver cancer.

Results: In the affected group, the FLV and FLD of tumor-bearing lobe were significantly lower than those of the
other side (both P<0.01); the FLD of D1 region in non-affected group was significantly lower than that in the D2
and D3 regions (both P<0.01). The results of correlation analysis showed that tumor diameter and tumor volume
were related factors affecting the FLD of D1 region in the non-affected group (both P<0.05); Child-Pugh grade
was related factor influencing FLD of D2 region in the non-affected group (P<0.05). The result of multiple linear
regression analysis showed that tumor diameter was the main factor affecting FLD of D1 region in non-affected
group (P<0.0S).

Conclusion: The mechanical compression of tumor may be an important factor affecting the function of liver
tissue adjacent to primary liver cancer and thereby leading to the decline of regional liver function. When the
tumor diameter is large, the risk of hepatectomy may be overestimated in patients with marginal reserved liver
volume, which affects the choice of treatment for such patients.

Liver Neoplasms; Tomography, Emission-Computed, Single-Photon; Galactose Human Serum Albumin;
Regional Liver Function

CLC number: R735.7

Ji 2 M T g o TR B O A S 1 e 2 —, IF
DIBR T ARAE O 32 283697 I 2SR AR W BR o Ak
F1 ] I O PR A% A9 T S BT . R0 A T U ) 2 RE 23 X
JHE O B 8 WU e AR e s 1R 2 R
L R AR BB, ROREERITIE (future
liver remnant, FLR) A&, WiIEH ARG
i ( post-hepatectomy liver failure, PHLF ) Ay
R o PHLF 2 FFUIBR T AR AT T2 1 25 R
AT A AR #E kAR ZEAR (portal vein
embolism, PVE ) FIJTAF & B BES ] # bk gt 4L —
WIHFIBEAR (associating liver partition and portal
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vein ligation for staged hepatectomy, ALPPS)
JE AR IR VR TR R T R A A DI RE Y O 20, H
EAFHERR BT R CIiEe” BRI A
Ao DRI A I I B A BT R X RE A R R R
SC, UG R R VPAR T0RR M n i A T A0
T8 J5 % Ve BT e J8 b, U O R — i 2 2
Z RN R, B SRR AR A —E, 1k
Bf 2 AR S i T B WL 239 (computed
tomography, CT ) #EF7 B & Jo ik X 4> D) REPE
AR DI REVE A P L 2L, A% PR 2 BAR BORTE I J7
DA A 3 O P A R A A 1 2 FLBE A 1M
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M4 M (acid-galactosyl-human serum album,
GSA ) nJ DURE S ¥ b 5 200 i = Th7 2 W YR T AR 4
EETELN (asialoglycoprotein receptor, ASGP-R)
Zie, ot T kMBI RN BAREA
( single-photon emission computed tomography,
SPECT ) #a A5, il op Bl IR A5 2 iF
WEDIREMEFE 42", HATC A " "Te-GSAWFFE R,
MAEGE . TR I IR SZ R, HORE R Y X
Iy fE 2 th AN R A B o T RO M AT I X
Hogo e, BFORE RS2 BN R R ETT B
A 5T 2 W1 far 6 ek D e R RE, (RR AR R AR
F18) e e xof Jl LT 20 40 )% 3 5 By X ) BE 2 Ak E
HEOFSE MR WA IE . ASBIESE B AR R IR Kk M T
I8 R TLAMCE T 30 X 408 30 T 2 2 ) RE 1Y B2 i

1 AR5 RFE

1.1 —RER

WeHE20104E 1 H —20144F 12 H f# ikt 75 3 1 B
A5 J5 % P P98 R 2 SPEC T/ CTRAAR 27 L) K I PR ¢
B, Hrh B34, 116l FE36~72%, A
W (52+10) %, 45618 Fd, 5k MR R L
3afl, Z Rk 111 Mg a T AL, A
A3, Ar RT3, 14450 B B A BE 1R
2K A 18 W B 2 R S BRIE S ) k. R Bk
JIEL A8 A A A N /B8 52 30 b 9es = A0 RN B4 57 A I
CAHRTY, WONIFTREZ Bl (2 R4l) 5 314
BEARFBRER AW TEK . JFFK . S
oA G H H AR Z o G YT, &I
Uie Rz BA ( Kz R ) o AUFIEEE R F
REEFRN, A RHE KR EFE SR E R
I3 ) R B A0 B 2 5y AL .
1.2 WNFRETNHERRARE

PARRHE: (1) AR FIZWER G W2
Wi ok SR & R T s (2) REAR 2 R IR 0% R} o8 2
(3) fEBe A AT Bh A SPECT™ " T-GSAK: A . HE
B bm . (1) 7 72 A0 o A7 1R 05 28 = A0 51 % 38 JiF
HIE s (2) I B 01 8] R AT S A SPECT " T-GSA K 4
(3) SPECT”"T-GSAK A& i A7 fL 2267 15 (4) 1%
SR IR B8R
1.3 ik
1.3.1 3 A& SPECT/CT “mTc-GSA ¥ 4& SPECT/
CT W18 1 #% M Siemens Symbia T6, HifiikS%
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SCEk U, R O M O B TSk, Rk
X e b E A B AT CT 4, T A A
K| SPECT i . SPECT 454 i FHAK B8 5 43 9% vl
B, WL TEEME, S mCi”mTe i
W5 3 mg GSA (b sl 259 il by ) e K
“mTe-GSA #E 10 min J&, 0 i & bk 5 0 5,
IE S WS sh sh A W2 R R R T, OBUER Sk B IEH%
L 26 cm [, FZETOIERE 1 min 19 180° %
Ll R AR, AW R SR AEIL 26 T, T 25 Wity
1 min REE 1M, &5 1 WK S min RE. 5L
Brab3# LI CT 5 SPECT 55 26 Wil 2 EZ 1Y il & 4
Beah, AR [ 095 AL ST AR kAT
1.8.2 W& F 4 (morphological liver volume,
MLV ) @93t 76 CT B LEE R Mg M 2. 4.
6 cm i D1, D2, D3 X (K1), FIH PACS
EE ) B e T VA A SR A SR D B DA
JZE, MR R MLV W 2 X R
A 7 3 AT B30 e S KA JF MLV .
1.3.3 3 #& M 4K A (functional liver volume,
FLV )&+ 5 LR ARJG 5 Wilal— )2 m ) f e KR,
W2 AR R (voxel ) M H KTHEUE . R 4 SCik
WA LA T S DL, D2, D3 XIS AN
R FLV
1.3.4 I %9 Je 4% B i & % 4 (hepatocyte uptake
rate constant, GSA-K ) #9itHE HKPE C (t) =Cmax
(1-e™) BREHIA S HARXIEAECR C (1) -
BEED (o) BHER, v, MBI b 27 & WA 172 B
BEEL, R G, 35S S 8K, TS 245 B b
X GSA-K.
1.3.5 & M % & (functional liver density,
FLD ) 93t 5 AR4ECwk "™, i MLV il FLV i#f—
A A R X FLD .
1.4 WERIEHR

) Z Z4HPMmAFHMLY, FLV, FLD I
GSA-KMLb# . (2) MAMNDI~D3IXE MLV |
FLV. FLDMIGSA-KIY tL#K . (3) sEmi Rz B4lR
KM T 9 48 3 BT A 2 1) 8 A 6 52 e R 2 A b
DI~D3XBFLD MY AHSCH ) X2, AL 4% P .
4 . BMI. Child-PughZy%% . AFfEfL . PLT.
TBIL. ALT. AFP, ICG-K. Mg B AL . Mk
B M TNM 8. WM AR . TR o 1 2 R
AJCCHINE PR (UICC) B8 TNM 4>
WIARE
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B1 MELTAR (RENXE ), MELGZSEREBEHNXEN D1 XiE; BER&5HEB&ZEHN D2 XKE; HR&5F

FEZziEA D3 X

Figure 1 The tumor located in the right liver (low uptake area), D1: the area surrounded by the edge of the tumor and the blue line;

D2: the area between the blue line and the yellow line; D3: the area between the yellow line and the cyan line

1.5 ZitF4bE

B FSPSS 25. 088 T4 F #E AT o0 M o IR A
3t SO AR £ ARifE2E (K xs) RoR, PIZH
FoBcR e ey, Z 2 ) L R 7 2200 i o R AS
A TR GO DL 2 R (M) EKon, P HER
%FﬁMann—Whitney URL A5, £ 4 n) L3k
Kruskal-Wallis HFEFIRG 5 . THE000 R DL 48 %) 50
R, LA HBCR AT x RS B Fisher B D) AR R 0
KM PearsonSpearman 43 M1 #1740 M1 J&
E— 2l Zou etk M e (F 2RI ) #1712 K
oM. P<0.05K 225 A G #E L

2 & R

2.1 ZR2AFHMATHATIhBE L8

% ZA N2 R E R R R R R e A
e 1 U T = % S ) N W [ O <l R
G PR AF MLV, FLV ., GSA-K. FLD{HZ%
R (801 £351) mL, (241+116) mL,
(0.20+0.06) /min. 0.32+0.10, %—ffFHMLV .
FLV., GSA-K. FLD{HZ5 %R N (643 +238) mL,

(422+180) mL., (0.20£0.06) /min .
0.66£0.14, WM ZHEFLV., FLD{H 2 %A
it E X (t=2.937., 6.869, #P<0.01) ,
MMLV ., GSA-KEZ M EZSF TS it2E X (t=
-1.290, 0.284, ¥P>0.05) .

22 ZRREASKZRANXIFGAFINAELLER

Z B2HMNDI~D3IX MLV, FLD{E Z ] % 5
BHSitaE X (#P<0.05) , TFLV. GSA-K{H
ZIZERTLG =B (¥P>0.05) (F£1) . i
— LT Z EH R A, D15 D3X A
MLVIE2Z S A %12 & XL (t=3.084, P<0.01) ,
D15D2. DI 5D3XIA LLFLDIH 22 5 A it ¢ &
X (Z=-2.160. -2.068, ¥/P<0.05) .

K% BHNDI~D3IXIBMLY | FLD{H =z 0] 2
SH G E X (P<0.058P<0.01) , MFLV,
GSA-KHZ M 2ER LG %48 X (¥P>0.05)
(L2) . #F—PHFATHAMN L H LK LN,
DISD3IXIRAIEMLVEZ R H G ITEE X (Z=
-2.612, P<0.01) , D15D2., DI15D3X LA
FLDHZ R At 2 X (Z=-3.020, -2.654,
P<0.01) .

£1 BRATEXEFIHEIROLE (n=14)

Table 1 Comparison of liver function indexes in different regions of the affected group (n=14)

[X u; MLV [mL, x+s3% M (5[ ) | FLV (mL, x+s) GSA-K (x+s) FLD [x+s 3% M (i) |
D1 236 + 146 110 £ 60 0.18 £0.07 0.51 £0.15
D2 191 (18~214) 94 + 45 0.20 + 0.06 0.63 (0.22~0.80)
D3 107 + 60 70 + 46 0.19 £ 0.08 0.70 (0.02~0.91)
F/H 7.953 2.283 0.313 6.186
P <0.05 >0.05 >0.05 <0.05
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®2 RZRAAFEXIFATINREIERAIELE (n=31)

Table2 Comparison of liver function indexes in different regions of the non-affected group (n=31)

[X Ja; MLV [mL, x+s8% M ({5 ) ] FLV (mL, x+s) GSA-K (x+5) FLD [x+s 8, M (5 ) ]

D1 164 (24~738) 79 (11~368) 0.21 +0.07 0.59 +0.18

D2 133 £ 82 88 + 54 0.22 +0.07 0.78 (0.19~0.92 )

D3 77 (14~285) 70 £42 0.22 +0.09 0.75 (0.09~0.97 )

F/H 7.227 3.196 0.059 11.070

p <0.05 >0.05 >0.05 <0.01
2.3 AZEAXIEIFEZMEZSHH HICG-KE5D1. D2, D3XIHIHGSA-KIH = b 47

AH S ME 2y BT 4 R WoR . B B AR . MR ik FERIFEME (r=0.760, 0.790, 0.638, P<0.01) .
HR IR ZHADIXMFLDE AN E (1 EIR- R ALNERS R T TN F )

P<0.05) ; Child-Pugh/ e mAZ R4ID2IX W AZ RADIXBFLDMEMHEE (P<0.05)
MEFLDIEM A XEE R (P<0.05) (£3) . KZH (£4) .

R3 EImkZEZA 31 fEE D1~-D3 KiF, FLD EHMEEES 7

Table 3 Correlation analysis of FLD values in D1-D3 region of the 31 patients in non-affected group

= " D1 D2 D3
2t ﬁ{ﬁ r P r P r P
PR [n (%) ]

L) 25 (80.7)

% 6(193) 0.027 0.884 -0.037 0.845 0.046 0.807
iy (%, x+s 53.6+ 10.6 0.201 0.279 -0.068 0.716 0.199 0.284
BMI (kg/m®, =+ s) 239134 0.270 0.143 -0.057 0.760 0.133 0.475
Child-Pugh 5 n (%) ]

A 27 (87.1)

- 4 (229) -0.258 0.161 -0.387 0.031 -0.280 0.128
HFtAl (n (%) |

4 23 (74.2)

i g (258) 0.099 0.597 0.173 0.352 -0.016 0.930
PLT (10°/L, x+s) 152.8 + 84.2 —0.080 0.669 0.141 0.448 -0.078 0.676
TBIL (pumol/L, x+s) 17.1+11.1 0.146 0.433 -0.104 0.576 0.024 0.897
ALT (U/L, x+s) 402 £34.9 —0.074 0.691 -0.102 0.585 -0.049 0.793
ICG-K (/min, x+s) 02+0.1 0.024 0.899 0.219 0.236 0.068 0.716
AFP [ng/mL, M (JE[f) ] 127.3 (1.2~229 67.0) 0.093 0.619 0.179 0.336 0.197 0.289
R AT (em, x+s) 7137 -0.396 0.027 -0.171 0.359 -0.322 0.077
BRI R (mL, M (5[ ) ] 129.5 (4.8~1131.7) -0.420 0.019 -0.145 0.437 -0.268 0.145
JihgeE TNM 238 [n (%) ]

I 19 (61.3)

II 4(129)

o 4(129) -0.178 0.339 0.192 0.301 -0.038 0.838

A% 4(12.9)

F4 HMKRZREA 3N FlEE D1 Xig FLD ER S TLER TS

Table 4 Multiple linear regression analysis of FLD values in D1 region of the 31 patients in nonaffected group

Fahn B t 95% CI P
Jbfed A% -0.396 -2.324 -0.036~-0.002 0.027
i A —0.447 -1.496 — 0.146
Ay 0.163 0.951 — 0.350
BMI 0.242 1.442 — 0.160
AL 0.004 0.020 — 0.984
2.4 ﬂ_,\rﬂ%ﬂi“‘ B 52 5 200 A 52 AP JRg R AR T, T S R X A

AU 2 BRI 2 om P X 0RT UL % 3 INHEERIE S (812) o
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B2 ALREFRI (HE x100) A Hf
Figure 2 Histopathological findings (HE x100)

Yoy -

B: Normal hepatic lobules far away from the tumor

JHF JUE X 35 3y e 104 v A DAk 2 A o 1 B} 1 B 2
WZE, Xl RPHLFA E EENE X, YR
R T, CTIAAS A TE 25 B B 1 1
e X 3R HF D fiE o (EJE 24 XU I AR OR 8 R, ot
I FH CT 25 R T80 19 JFF R BEUAS R o ff b S5 e
XA TSRO YT e-GS A AR A n] L v
1 B 0 X3 0% Ty RE M I A M i, RS A e
B R T S e BT R . AR, Y
JIFL S 7 AR B REL L 1] Tk S Dk o 3 32 0 52 e 1k
A7 E 38 IR B FIL AP R 3 i, HOR O i B X 4k
TIfie 2 th BUAS R R 1 R R0 B g 4 SRR B
N UK 2 ROIEBURS, 32 BT FLY &
FLD 3 (8 TR 2 B0 Xt 5 2% 3 H A Z i
SR —5: q—MrT#kE T2 80, 28
AU FEF /5% 00 F I B F LV B ARG T AR R A MLV Y He
" IR 9 B FEATPVESS , B ENFFFLY
MFLDH M JERT R R SR, g B I 31 X6
205 3T DX I T 8 14 52 i) 1 R UL 2R et 1

AHFSEE A" Te-GSA AL R 815 5
(FLV . FLD R GSA-KWFFEHE B M6 cm L Py XI5
MRFREAE AL, 45 R ER, KZBADIXEFLD
AR T D2AD3IX S, 33X 445 R 2 W1 i ml e X
DX 38 0 2 R o R R . i — 2 A R B, R
HARSEEMRE2 cm il FI AR R AAHSE, X
A5 3 0 iR 38 1T R S B4R T X I8 E 2 g
TR BRI 45 S W 20RO BB FLD 34 (/1
T AR 2 M AT BEFLD I, AHF 58 45 SR ik — 25
SR TR LA M R T S X T R R R
4 20 ARG A B — B S R . oA s
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IR 2 cm DA XIS LIS B 0 52 P s 3

A: Hepatic parenchymal cells compressed by the tumor within 2 cm from the tumor;

4
A B

B T R DI/ N LE

P R 38 DX 3 2 A e AR 1 AT B D AL A - R
FELF S B IR T HE M D e B 15, RAER T . R
b o 1T K BB 2R 2 Ak DL K Kupffer 4 i 3% £

H mi bl 25 CT = 4 & 80 3% K i L, R
BE Ui ] DL B B AR >5 em B R PR BT BB
it b E AT ) B A R R WGP AL, DA AE 4 b S
Jiti JFF U0 I T R 200 Xk T BRI R AR AL A R
9 %, RATIS LR 9 )7 8 IPVEFIAPPLS
S E . NaginoZEP IR 5 R PVER] L% 445 5
N FFLR<40% H 8 020 2 K 5 F85.5 pmol/LIY
AHAE 9 B Terasawa%[zs]ﬁfmﬁ‘ﬂ:ﬁﬁé>5 cm
FA) JTF 40 6B AR, U0 B R TR g Bk Ak O R 2
A (transcatheter arterial chemoembolization,
TACE ) BCAPVELL S AP VER L B o Hh ) 38
FLRI A I K (R B GE 2815 00 40 (9 LS o Wang %"
K BLE AN BT ) BR B 40 MR B 2 ALPPS AN
AT LA 3KA5340% L FRIFLR, I H AR G 4 77 5%
WAL TTACE. ChanZEP a5 & BLAE 148 451 i
ST EAE>ST em 40 M (4 h, ALPPSALR
H BB R A I VIR 0 B S PVEAL R H 1 HUS
TS WA, AR — AR S W
APPLSIAYT B4R K JR & M i /B 3 7T AR A%
BRI F LRI K R BARAE R (HE, BT IR
EPVEFAPPLSZ &5 X I ) 68 (1 PFAf 77 76 R HE B
£, BeppuZ5F 58 & PVEAR 5 FLR I fE R T
B S TR S K, LA R R T
CT Al U0 B A i JHF it 25 T B AT R 5 8052 B T 1)
feisbr R FH R TIEFARBIT TR, MaEE
e A S Wi %) N [ N A o 1) A N S 6|
CTIAR B 2 m Al I SC B DI B %, RIAE T R R 80 F
AR N TIE 5 B 0 e AR, A A5 A T RA IR T R Ak
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gi LT ik, ABETEE KOE B T ORI E
AR AF LXK DI RE, iR A4 AL AR T 38 ik
SR 5 W iR AR T AT A AU RE L AT B X BT
NRET FER R . MR AR R, CT
TE 25 2 A PP A 114 25 R A7 6 1 Al I 52 s DT BR R 19
AIRE o AR A B SEAFAE — L8R R, B O[] B
PEBIFFE LA KR A 5 55/ Al RE 23 0 45 2R 7™ A2 — & i
far o BEAh, ABTTEA UL 2 W LU 40 T
T, H b B T A B R T AT RE S 2 B — 4
Z b . REARBFTFTRUE, LU B A R 28 7
(14 Jie 8 s 3 % J] 6D AT 2L 4R 0 BE B 52
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