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Clinical application of 3D technology in preoperative surgical

planning for central liver tumor

YUAN Rongfa, MIN Jiagi, WU Linquan, LEI Jun, ZHU Baolin, WANG Kai, SHAO Jianghua

(Department of Hepatobiliary Surgery, the Second Affiliated Hospital, Nanchang University, Nanchang 330006, China)

Abstract

Objective: To investigate the application value of 3D visualization technique in the preoperative planning of
patients with central liver tumor.

Methods: The clinical data of 28 patients with central liver tumor that underwent preoperative evaluation
by 3D visualization technique during January 2016 to November 2017 were analyzed retrospectively. Before
operation, the two-dimensional CT images of the patients were obtained and imported into 3D visualization

software. In the liver, hepatic artery system, portal vein system, hepatic venous system and tumor, image
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segmentations and 3D reconstructions were performed respectively. Then the subsection of the liver, the
classification of the central liver tumor and calculation of the individual liver volume were performed. Based

on the results of 3D reconstruction, the surgical planning was made, and the rational surgical approaches and

Results: The 3D visualization model was successfully established in all of the 28 patients. The anatomies of the
intrahepatic vascular system and the exact site, size and adjacent relations of the tumor were displayed, and the
individual liver segmentation and classification of the central liver tumor were made through 3D technique.
The median total liver volume was 1 532 (1 025-1 864) mL, volume of liver tumor was 466 (45-558) mL and
volume of virtual resection liver was $95(108~806) mL. Radical resection of tumor was performed in all of the
28 patients. The coincidence rate between the actual surgical approaches and preoperative surgical planning was
100%. The median intraoperative blood loss and amount of blood transfusion were 700 (100-2 000) mL and 600
(0-1400) mL, the rate of blood transfusion was 71.42% (20/28) and the incidence of complications was 28.57%

Conclusion: 3D visualization technique can calculate the volume of residual liver, improve the accuracy and

safety of the preoperative planning of hepatectomy for central liver tumor, and is helpful for the precise operation

%7
procedures were selected.
(8/28). No postoperative liver failure occurred and the in-hospital mortality rate was 0.
during surgery.

Key words Liver Neoplasms; Hepatectomy; Imaging, Three-Dimensional
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B HF AR (liver volume, LV ) . 5 L) B i
& F2 (excision liver volume, ELV ) . %k &
(residual liver volume, RLV ) FIfEE AR ( tumor
volume, TV ) .
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2.3 BFHAt PRy o B

28 M1 JF b i BF g iR A, AR A 3D AT A Ak 4y
R, IRV S 17.86% (5/28) , FARFA NV,
VIITE IR A ; TR #514.29% (4/28)
FARITAXNIVERUIERA; THIAREH 521.42%
(6/28) , FARGTA NI IEIIBRA,; TVEEH
1i14.29% (4/28 ) , 2B F AR WA = XY
B, 20 F ARG WA =X IFDIBE; VRIEHE &N
32.14% (9/28) , TR K MhsE /B UIBR AR .
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280 E AR R BT LR, PR
B 532 (1 025~1 864 ) mL, M A
466 (45~558 ) mL, WYIERFA K595 (108~
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B ETAGECTH 3D AL  A-B: LIS CT M (1. FFrhihk; 2. AN 3. TTEIKARTS)
C: 3D EELUR BRI S BIMAEN =4 R; D: MRSk ER; B M-SR K= EICR; Fo b
TE S5 TR A 25 ] 56 2

Figure 1 3D visualization analysis based on preoperative CT images A-B: Enhanced CT scan of the upper abdomen (1: Middle hepatic

vein; 2: Right hepatic vein; 3: Right anterior branch of the portal vein); C: Relations of tumor with surrounding vessels displayed by

3D reconstruction; D: Spatial relationship between tumor and hepatic artery; E: Spatial relationship between tumor and portal vein;

F: Spatial relationship between tumor and hepatic vein

E 2 3D AL ML FFAE Couinaud 38 ( L B 87 LR RBHE )

Figure 2 Couinaud classification of hepatic segments by 3D visualization technique (Red arrow showing the tumor)
liver in the diaphragmatic surface; B: View of the liver in the visceral surface

A: SRR B: IR W

A: View of the
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Table 1 Data from the preoperative 3D reconstruction of the 28 patients with central liver tumor
I 327 I 327
5 LV3 TV3 EL\3/ RL\3/ JFUIBR A Feil LV3 TV3 EL\; RL\3/ JFVIBR A

(em’)  (em’)  (em’)  (em’) (%) (em’)  (em’)  (em’)  (em’) (%)
1 1025 45 108 917 6.43 15 1453 485 564 889 8.16
2 1143 47 412 731 33.30 16 1 466 464 547 919 8.28
3 1258 96 352 906 22.03 17 1598 468 618 980 13.27
4 1263 172 520 743 31.90 18 1 600 490 752 848 23.60
5 1285 88 471 814 32.00 19 1598 472 785 813 27.80
6 1310 223 489 821 24.47 20 1 600 483 803 797 28.65
7 1344 288 421 923 12.59 21 1603 472 805 798 29.44
8 1378 362 514 864 14.96 22 1613 527 800 813 25.14
9 1743 512 805 938 23.80 23 1 658 426 792 866 290.71
10 1395 324 512 883 17.55 24 1612 488 800 812 27.76
11 1417 351 572 845 20.73 25 1722 550 786 936 20.14
12 1422 146 529 893 30.02 26 1624 536 792 832 23.53
13 1818 497 800 1018 22.94 27 1795 547 769 1026 17.79
14 1447 210 572 875 29.26 28 1 864 558 806 1058 18.99

25 FRAEARGFER

280 FBH Y T e F R, MRS 3D E HE A
REHEFT AR F AR, SR E ) F AR LA
TR AH ], B AT R 34y [m] AT B I 458 4 58 AR .
166K F Pringlei: BHIBT 1T, 8451 R A DX sl 04 JH 171 .
R, 4 ARATHFTTRE . AR AR
290 (160~395) min, A Il 5 R a0 5 4 4%
435128700 ( 100~2 000 ) mLAI600 (0~1 400 ) mL,
B2 -h71.42% (20/28) , HRIERAEFER
28.57% (8/28 ) , Hrphafm & A5 i 8L Wr
MRdE, 5l miEyERESRE, 4685 RGN

e e AR, Rl In A, RIFIJCH I . R R
ge o N8 BUR KU 0 R SO RORE KA, TR AE
FIFARWIZET:. H4h, 2801 E F VIR ARG B4 =
AW (AST) FHIRE e, Hhhaidch
292 (108~681) U/L, SRJGHEHE FFE, RIFHTRIEAR
A TE#25.5 (16~46) U/L; HAHZLZE (TBIL) 1F
ARG5S KB K22 (14.9~50.5) pmol/L, K5
BHIREAL; MyEHEMA (Alb) ERFHEIRFEE
Bk28.35 (23.2~40.2) g/L, BlJaZ#im, K5
BT RKF-ik34.5 (25.1~47.8) o/L (%£2) . K5
T EM R KA

&2 28 B REFTINE B ETHVIBR AR IIREIEIR TN

Table2 Changes in liver function parameters of the 28 patients with central liver tumor before and after liver resection

AST (U/L) TBIL ( pmol/L) Alb (g/L)
LGl S A5 . NG . A5

A= 30 sqa 74 M o 30 sa 7q M o 30 sa 74
1 35 178 153 64 34 112 158 183 255 162 434 324 201 352 416
2 4 282 242 32 28 1001 136 176 214 141 466 338 277 305 452
353 413 283 23 35 212 364 214 283 302 483 451 402 411 478
4 38 302 214 28 24 351 481 167 228 346 453 296 282 288 441
S 45 435 253 38 23 125 208 151 213 182 365 318 273 276 424
6 33 154 154 83 30 100 151 162 230 133 396 308 292 304 346
7 3% 138 124 62 25 109 133 154 190 121 441 356 3001 322 334
8 3 178 178 84 33 115 186 108 149 158 425 413 372 381 408
9 57 362 253 120 28 123 214 136 181 176 429 387 304 312 374
10 38 237 182 92 25 138 188 142 203 133 402 383 318 327 374
11 3 174 157 76 18 105 213 133 175 184 377 304 292 298 339
12 45 603 357 125 22 83 125 115 153 63 462 401 402 412 413
13 48 282 287 110 24 124 217 124 170 143 324 273 265 274 273
14 44 45 239 9 21 104 209 264 286 178 368 284 233 241 293
15 32 236 127 62 38 305 258 281 304 233 404 385 302 315 364
16 45 336 283 137 46 128 122 141 185 105 383 302 276 298 333
17 52 681 453 213 24 149 132 203 263 129 339 263 239 246 25.
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Table2 Changes in liver function parameters of the 28 patients with central liver tumor before and after liver resection (continued)

AST (U/L) TBIL ( ptmol/L) Alb (g/L)

BlF .. AJF i~ ARG s AR5
A =030 sa 7a " 030 sa 7a W o300 sq 74
18 40 237 153 73 21 217 138 181 226 156 322 172 232 261 277
19 45 201 183 65 20 369 219 144 185 122 354 256 243 255 284
20 40 192 153 48 16 185 202 207 268 181 323 383 263 264 286
21 42 333 258 105 35 263 354 422 505 308 392 282 249 259 304
2 39 108 154 49 26 174 253 163 239 152 308 374 346 348 256
23 35 331 237 181 18 255 176 144 204 136 422 291 234 246 308
24 40 305 215 135 42 314 243 211 283 206 356 268 257 261 265
25 42 504 382 162 36 108 184 165 198 106 413 397 344 351 374
26 38 262 278 122 27 326 264 178 213 132 375 223 244 295 344
27 46 433 204 67 18 218 182 242 325 245 367 358 301 315 352
28 58 671 458 241 32 155 133 205 264 143 386 305 285 293 348
2.6 FEIG AP b, o e Y B g 5 Ath 50 A7 %) b

A RAYREEY, RF1EMEE X
K J21.43% (6/28) , 14EMEFE HNE9.29%
(25/28) .

3 it i’

JHHE Bk 8 &R Gt 19 52 2% Ve RN 22 A8 ok R 5k I
JIE T AR AR DRI 1) 2 PR Sk R R A i )
KR T T 2 I E TR 22 4 Fnl 7 1 b 2 5%
P, B2 T A IE SRR B 0 S 2 X5 C T EG
TN 3DE &, DL 2 T3 AT R K AT~ R 1k
JHF JUE 0 i ) R0 ) 2% 3k il IR AR R IR E . R
3D AR UL AR PR K Jre AT DL AR B E R S
HE 5 A5 2 B AR SR K A R A R 3
T3DHBLAL, HhRFEE AR AT DL B I O g A ) 47
M UHERR AR S, H B 4 S BRI S U 22 Bl ik
N T N 3 W AR NS
R, VURCERA A M SR R EHRY, &
2R N FH A Y A R AR 0 R FIE A DE 3D A5 2 B
25 FARHIBA

R FoBs B AFL. IV, V. VIITIX Bt i
Jei Bk Ay e AR bR, 2 R AR A0 B A T
0 = Nl | = NS T B NSO Y S R St N
MRS A o oAb, R B R B
MBI R I B (AT = ks e =it
Br) KRB UIBR, SRS 2 H AT A A AR
o TR P g B o AR T AR e AR AN (L2 I A B
B9 A A2 /N 3 i — 2D AR TR DD R 0 T
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HoME AN A A, BESEIE SR T CT3D
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BH VAT T AR E 2 B R R BRI R . RLRT Y
5% Hh o 4 18 3 DA SBLRE 75 T A B I 530 Hh RS o 1) i
PR, TR I 9 A0 T R B0 B 0 BEL T, R AR
e AR DD, D TR S R 1 fE
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