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Clinical application of three-dimensional visualization technology
in assessing the spatial configuration of major hepatic vessels and

liver lobar volume distribution

YAN Jiayan'?, WANG lJiayi’, FENG Hao’, YANG Kaini’, ZHU Zexin’, ZHANG Junzhe®, BU Junfeng’,

HU Jiaming’, GAO Si’, TANG Shuibin’, HUANG Ao', CHEN Tao’, HUA Rong’, SUN Yongwei’,
LIU Yingbin’, FAN Jia', ZHOU Jian', CHEN Wei’

(1. Department of Hepatobiliary Surgery and Liver Transplantation, Liver Cancer Institute 3. Department of Nephrology, Zhongshan
Hospital, Fudan University, Shanghai 200032, China; 2. Department of Biliary-Pancreatic Surgery 4. Department of Liver Surgery,

Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China)

Abstract Background and Aims: The hepatic vascular and biliary systems exhibit substantial anatomical

variability and complex spatial relationships, posing challenges for precise surgical planning based on

conventional two-dimensional imaging. This study aimed to evaluate the clinical value of three-

dimensional visualization in characterizing the spatial architecture of hepatic vasculature and bile ducts

and to explore its association with hepatic volumetric distribution.

Methods: A total of 610 living liver donors and 158 patients with bile duct dilatation were

retrospectively analyzed. Three-dimensional models of the hepatic artery, portal vein, hepatic veins, and

bile ducts were reconstructed from contrast-enhanced CT images. Vascular and biliary anatomical

patterns, spatial relationships, and their correlations with hepatic lobe and segmental volumes were

systematically assessed.

Results: Three-dimensional visualization enabled intuitive and comprehensive depiction of hepatic

vascular and biliary anatomy. Distinct portal vein configurations were associated with significant

differences in regional liver volume distribution, with an increased proportion of the right posterior lobe

observed in patients with specific portal vein branching patterns. The presence of an inferior right hepatic

vein with a diameter =5 mm was also associated with a larger right posterior lobe volume. Analyses of

extrahepatic and intrahepatic spatial relationships revealed relatively consistent positional patterns

between the right hepatic artery, portal vein, and bile ducts, and a significant correlation was observed

between the spatial courses of the right hepatic artery and the right posterior bile duct.

Conclusion: Three-dimensional visualization provides accurate preoperative assessment of hepatic

vascular and biliary anatomy and clarifies complex spatial relationships and their volumetric

implications. This technique offers critical anatomical support for precision hepatobiliary surgery and

liver transplantation.

Key words Imaging, Three-Dimensional; Liver; Blood Vessels; Bile Ducts; Anatomic Variation; Spatial Configuration
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Figure 1

{ETTmH)

Import the CT data into the workstation and perform semi-automatic processing (the operational interface of

IQQA°®-LIVER for the semi-automatic processing of patient multi-slice spiral CT scan data)
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FEAR JEF WE5E B , PEAR N R 7 B Rl 22 1 PR T
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1.4.3 Wk 89 o 2 e dr i = 4E AT AL TAE O
TQQA®-LIVER 4% [ {8 43 #1 )7 v, MRAEsh kI . &

st o

ik 300 0 4iE SR 0T 1 Bk S B AR AE 2 Bl 4y E I B
Joik o T K ORI K R T 5K B IR A AR R . PR AR A
BRI At 22 6 BE 22 HERIE CT /Y — 4k BRI
A% % 0 BT E KA e B . B, HR AR R bk RN
I #5028 R A N A T 3 Tk S ]
ik (FE3) .

E2 FahFEFREELFRZEFHEEMELR (A8), B> ZH4ERIRE]

Figure 2 Manual adjustment of liver contour boundaries [layer-by-layer manual correction of the liver boundary (red) to

reduce errors in three-dimensional reconstruction|

e | A

. | C
B3 RBrshbk. 8RRk, FTERBXANEE M B SHRE
J#; D: N T HIRAREE T bR ik

Figure 3 Segmentation and annotation of the hepatic artery, portal vein, hepatic veins, and bile ducts

A: WIEFEhIKEEE; B:

— ——

R HIK S IR AE R C: BRI

A: Reconstruction of

the hepatic artery contour; B: Reconstruction of the portal vein and hepatic veins; C: Reconstruction of the bile duct

contour; D: Manual segmentation and annotation of the portal vein and hepatic veins
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Figure 4 Reconstruction of portal venous territories and geometric analysis for hepatic lobe volumetric measurement

A: Segmentation and labeling of the left and right portal vein branches; B: Segmentation and labeling of the right anterior

and right posterior portal vein branches; C: Segmentation and labeling of the left medial and left lateral portal vein

branches; D: Hepatic lobe partitioning based on portal vein branching
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Figure 5 Three-dimensional visualization models of portal vein classifications

A: Type I portal vein; B: Type II portal vein; C:

Type III portal vein; D: Type IV portal vein; E: Type V portal vein

R1 610 BIERAFRAEMIKRIAT IR 5K IEE 0 (%) |

Table 1 Portal vein configurations at the hepatic hilum in 610 living liver donors [n (%)]

B (T TR T kA 2 ) EudlEl
DRI E 53 o e A3, A0l A ZE A B 522(85.6)
LR (1 Tk A3 =SB, 43 B AT S A S RTAE 52) 21(3.4)
TEL (P IHIRAT R SOk A A232) 56(9.2)
IVEL(THHIKA J5 3ok A 2230) 1(0.2)
VEL(T TR 9 PU SR, 53550 A 70 32 AT R 6 B A3 7 Bedy ) 2(0.3)
HoAt 8(1.3)

j=San 610(100.0)
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Figure 6 Proportions of hepatic lobe volumes in donors with different portal vein configurations at the hepatic hilum
A: Proportion of RAL volume; B: Proportion of RPL volume; C: Proportion of LML volume; D: Proportion of LLL volume

X, o >
W A N5 B
E7 MHVAMLHVICAIVCEE=#AANEKREE A 11 B: 27
Figure 7 Three-dimensional visualization models of MHV and LHV drainage into the IVC  A: Type 1; B: Type 2

£2 610 F)FIEFTFRBEMEE MHV FILHVICAIVCEE [n (%) |
Table 2 Drainage patterns of the MHV and LHYV into the IVC in 610 living liver donors [n (%)]

LI GCATVC J520) A
1R CISZIC AL, MHV T LHV 2350071 A TVE) 424(69.5)
2 (FEFHE AR, MHV F1 LHV ICA 8 E TR FHLAIVE) 186(30.5)
&1t 610(100.0)
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Figure 8 Proportions of hepatic lobe volumes in donors with different MHV and LHV drainage patterns into the IVC
A: Proportion of RAL volume; B: Proportion of RPL volume; C: Proportion of LML volume; D: Proportion of LLL volume
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Figure 9 Three-dimensional visualization models of different IRHV types
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Table 3 IRHYV types in 610 living liver donors [n (%))

: [

Hy C. A
A: Type I; B: Type 1I; C: Type 111

KR GEARFFE) gl
DR GRS AR K IIRHY) 187(30.7)
A (IRHV FHA£<5 mm) 291(47.7)
AL (IRHV FA%£>5 mm) 132(21.6)
B 610(100.0)
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Figure 10 Proportions of hepatic lobe volumes in donors with different IRHV types

A: RALEFLH; B: RPLISFLLEH; C: LMLAARI L H; D: LLLAK

A: Proportion of RAL volume;

B: Proportion of RPL volume; C: Proportion of LML volume; D: Proportion of LLL volume
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B AERAEHELEARX  A: 18] B: 2781 C: 38; D: 47!
Figure 11 Different confluence patterns of the right hepatic duct A: Type 1; B: Type 2; C: Type 3; D: Type 4

x4 158GIEEY KEBELFEBRFICETE (%) ]
Table 4 Anatomical confluence patterns of the right hepatic duct in 158 patients with bile duct dilatation [n (%)]

SHEIGEA T HE
1B (RABD FIRPBD &5 WA FAS SR IG5 22 IFEH1 45 CHD) 105(66.5)
2 #1(RABD .RPBD Fll ZE 45 5 = A4 4 CHD) 12(7.6)
3 (RABD A ZMAE 8 RPBD 4% A CHD) 13(8.2)
47 (RPBD LA ZENFAE B RABD EHHA CHD) 27(17.1)
A 1(0.6)

T 158(100.0)

601 50

:.- . 40 ¥ - .

o ® - s ®e ee
40+ — . T _ . ik,
5 o oy s SR a4 I NEAd I e
= e ) 1 5 ] = 20— -.‘ .o.
T 0 -~ . ° z e x

10
0 T T T T C T T T T
174 27 37 475 17 27 37 475
A B
40 40
30 ° 30
o - -
— -~ : .’ ~ % ) - oo
< 204 < : I I T R T P -
= e s 2% fr = = "o Poss]
= et e = = b I A B
104 e ° ° 10 > .
0 T T T T C T T T T
17 2% 37 47 17 2% 37 47
© D

B12 AEAEHELAAREENFESHHERSE A RALKBS; B: RPLIABLNLL; C: LML Y L
D: LLLIAR L
Figure 12 Proportions of hepatic lobe volumes in patients with different right hepatic duct confluence patterns A: Proportion
of RAL volume; B: Proportion of RPL volume; C: Proportion of LML volume; D: Proportion of LLL volume
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E13 AEERFELEARX A I8; B: I4; C: A
Figure 13 Different confluence patterns of the left hepatic duct A: Type I; B: Type II; C: Type 111
RS IS8BIEEY KEBENAMELEANX I (%) ]
Table 5 Confluence patterns of the left hepatic duct in 158 patients with bile duct dilatation [n (%)]
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1R (B2 A B3 I A3 /5 H T F 5 B4IES) 127(80.4)
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11178 (B2 B3 Fl B4 R4 52 = R 4) 2(1.3)
it 158(100.0)
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Figure 14 Proportions of hepatic lobe volumes in patients with different left hepatic duct confluence patterns A: Proportion
of RAL volume; B: Proportion of RPL volume; C: Proportion of LML volume; D: Proportion of LLL volume
2.4 RFSMRFBNBK. BB R BRE R = B A BYSFAE ik BT 2 (B Bk B AT U5 ) A 91.8%  (145/158)

ARFFAET IS8 GIREY KA HH3DVELR, W WRA, T8GR (ShIkgE)E ) &
eSSBS TR BRI A I SE R A WAL 1] 8.2% (13/158) ([ 15) (3£ 6) . AN 47 3h Bk
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(right hepatic artery, RHA) 5 CHD =5 [a] 52 &4 M i 82% (13/158); IRE R (shfkraifa W) &
— . CHDJG® (Bhfk&)577) 591.1% (144/158), 0.6% (1/158) (K 16) (%£7).
Jpdn Nf B S A, CHD R A (3h Bk S R O

E15 BFOMFFRRANIIR A E T EX R HERNERE A [TERIKETRUTSNITSIK: B: RIS BUTFSMITF sk

Figure 15 Three-dimensional visualization models of the spatial relationship between the extrahepatic hepatic artery and the

main portal vein trunk A: Extrahepatic hepatic artery anterior to the portal vein; B: Extrahepatic hepatic artery
posterior to the portal vein

F6 158GIREY HKEZRTIMNTENEKS ERKZ B X R4FEn (%) |

Table 6 Spatial relationship characteristics between the extrahepatic hepatic artery and the portal vein in 158 patients with
bile duct dilatation [n (%)]

eGSR S P HfH (%)
I IFR KRR (RHA BTS20 s 5 T T8 bkai 77 ) 145(91.8)
I TS B (RHA ST R 8h ik GetT-F I T #k)E 77) 13(8.2)
it 158(100.0)

El16 RAFSMETBIRKFN CHD =R R =4 AT LR ZLE (AS: BRAESERBOAK; A678: FTREG6. 7. 8EZHAK) A: CHDJRZ!;
B: CHDHjA!; C: IRAH
Figure 16 Three-dimensional visualization models of the spatial relationship between the extrahepatic hepatic artery and the
CHD (AS: segment V hepatic artery; A678: segment VI, VII, and VIII hepatic arteries) A: CHD-posterior type;
B: CHD-anterior type; C: Mixed type

&7 158GIRREY KEBEAINTHIKS CHD B X BR4HEn (%) )
Table 7 Spatial relationship characteristics between the extrahepatic hepatic artery and the CHD in 158 patients with bile
duct dilatation [n (%)]

I (FFAMTF IS CHD 28 [ 26 2 ) EdlEN
CHD J5 %I (RHA {5 T CHD Ji5 7)) 144(91.1)
CHD i 7 (RHA ¥ F CHD i Jy) 13(8.2)
TRA T (RHA 43 AW 32, 40K 5T CHD 11 5 FE J7) 1(0.6)

R 158(100.0)
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2.5 BFHBTEhBk. 8RRk R BB E A = B A9 BU4FAE BAFE S TTH KA XS B R 8 =8 1]
T 158 1l IHAE B ok # 9 3DVE 25 R, % bk s 88.6% (140/158) , MAEXT M,

RHA 5 [T Bk A7 SRy 25 [\ 6 & 50 g = AL 1] ik FTHRIK AL 6.9% (11/158) 5 1RA I 4.4% (7/158)

R E W, & 75.9% (120/158); ]k LA & (E18) ($£9),

19.6% (31/158); IRAM 5 4.4% (7/158) (17) (8).

E17 RHAS|#RAXTEAXRZZHAALERE (RAHA: FFARTEIEK; RPHA: BFA/EEIBk; A6: AFAE 6 BR3NAk;
A7: BFRE7EZZhAK) A TTERIKTR RS B. [TERIK LAY, C. IRAR

Figure 17 Three-dimensional visualization models of the spatial relationship between the RHA and the right portal vein

branch (RAHA: right anterior hepatic artery; RPHA: right posterior hepatic artery; A6: segment VI hepatic
artery; A7: segment VII hepatic artery) A: Infraportal type; B: Supraportal type; C: Mixed type

8 158GIREE Y KEBEN RHA 5NEHKAZNZEXREFHER (%) ]
Table 8 Spatial relationship characteristics between the RHA and the right portal vein branch in 158 patients with bile duct
dilatation [n (%)]

ZEHI(RHA 51 kA 255 26 R ) Al
[Tk T 8 (RPHA DT T8Ik AT 30 i gead, SCBUFIE RPL) 120(75.9)
[Tk 7 (RPHA M Tk A7 52 by 48, SZCHAE RPL) 31(19.6)
TREA T (RPHA 43P 3, — ST TR SR i, o3 — ST Tk S by e, L) SCRCFAE RPL) 7(4.4)

Sl 158(100.0)

E18 ARESIHRAXITEXRZETRULEIE A 1§k A B: [#EKFE; C: R

Figure 18 Three-dimensional visualization models of the spatial relationship between the right hepatic duct and the right

portal vein branch A: Supraportal type; B: Infraportal type; C: Mixed type
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®9 1SSGIEET KBENAES I TFHMRAINZEXRRFER (%) ]
Table 9 Spatial relationship characteristics between the right hepatic duct and the right portal vein branch in 158 patients

with bile duct dilatation [n (%)]

FR (5 S 51T TR S e &) AdIE
[Tk 2 (RPBD M Tk A 32 588k, 5 1Rt HEAE RPL G YT ) 140(88.6)
[T 5 (RPBD AT T#HKAT 3 B 5 et , 5 1 IAE RPL A EY ) 11(7.0)
TRA T (B6 A1 B7 I 43I T K AT 3N A L géad, 5 AR RPL (W AR ) 7(4.4)
At 158(100.0)

2.6 RHA-|]#Rk5 RPBD-|]#% 0k = 18] X % 18] Y
EPS
J T 158 I A Pk B 1) 3DVE &5 5%, bt
A FFAE =11 kA7 S A RHA- T 88 Ik A7 32 55 1) 56 &
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KM (Fisher K 1 K 55, P<0.001) , [7# ik T A
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Pk SR (11/11) (£ 10) o 2 ) % v 56 2 B
B, AT AR S AR w0 A P gk A B B AR kA
[i) G 2R 1Y) 7 A 1)

%10 RHA-[J38Bk 5 RPBD-| 153k = 8 X R B RIHEEED (1)

Table 10 Correlation analysis between the spatial relationships of the RHA-portal vein and the right posterior hepatic duct-

portal vein (n)
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