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Abstract: [Objective] To investigate the association between intrahepatic portoportal venous collateral vascular for-
mation and postoperative liver hyperplasia in patients undergoing liver partition and portal vein ligation. [ Methods] The

clinical data of patients with hepatocellular carcinoma who underwent liver partition and portal vein ligation at the Center of
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Hepato—Pancreatico—Biliary Surgery in the First Affiliated Hospital of Sun Yat—sen University from April 2013 to June
2022 were retrospectively analyzed. All the patients were grouped according to the number of open collateral vessels in the
liver after first—stage surgery, including the group with no formation of intrahepatic portoportal venous collateral vessel
(IPCs=0) , the group with 1 formation of intrahepatic portoportal venous collateral vessel (IPCs=1), and the group with
more than 2 formations of intrahepatic portoportal venous collateral vessels (IPCs > 2). The differences in the distribution
of the three groups in terms of preoperative, intraoperative and postoperative liver function, formation of intrahepatic porto-
portal venous collateral vessels on both sides, and second—stage surgery were analyzed firstly, and then multiple linear re-
gression analysis was used to explore the factors affecting the number of IPCs.[ Results] Of all the 37 patients with hepato-
cellular carcinoma who were finally included in this study, there were no significant differences in preoperative data be-
tween the three groups (P>0.05). The surgical procedure was different between the three groups. The proportion of patients
with > 2 open vessels who underwent laparoscopic microwave ablation liver partition was greater than that of patients with
split liver (57.14% vs. 42.56%, P=0.031). There was a statistically significant difference in the daily hypertrophy volume
of future liver remnant (FLR) [IPCs = 2 vs. IPCs=1 vs. [PCs=0, (14.25+8.81 vs. 20.65+9.85 vs. 30.10+19.31) mL, P=
0.018]. There was no difference in the proportion of patients between the three groups who underwent second—stage resec-
tion (P=0.363). However, the number of days between surgeries was significantly longer in those with >2 open collateral
vessels than in those with no opening or only 1 opening (16.31+5.44 vs. 10.30+3.40 vs. 12.78+3.35) days, P=0.023. Multi-
ple linear regression analysis found that the surgical procedure was the only factor affecting the number of intrahepatic col-
lateral vessel openings (P=0.031). The number of IPCs after laparoscopic microwave ablation liver partition and split liver
was [2.0 (1.5) vs. 1.0 (1.0), P=0.031].[ Conclusions] The number of IPCs after liver partition and portal vein right branch
ligation is negatively associated with the hypertrophy rate of FLR and split of liver is recommended to reduce the formation
of IPCs.

Key words: intrahepatic portoportal venous collateral vascular; liver partition and portal vein ligation; future liver
remnant hypertrophy ; hepatocellular carcinoma
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A: CT before liver partition and portal vein right branch ligation; B-D: MRI after liver partition and portal vein right branch ligation. Fig.1A shows

that normal patency of right portal vein (arrow) before liver partition and portal vein right branch ligation; Fig. 1B shows that adequate ligation (arrow)

and reperfusion of the right portal system is evident; Fig.1C shows that collateral flow (arrow) from segment 4 to segment 8; Fig.1D shows that collateral

flow (arrow) from portal vein to caudate lobe.
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Fig.1 CT and MRI images of intrahepatic portoportal venous collateral vascular formation after liver partition and portal

vein right branch ligation
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Fig. 2A shows that associating liver partition and portal vein liga-
tion are combined for staged hepatectomy; Fig. 2B shows that micro-
wave ablation and portal vein ligation are combined for staged hepatec-
tomy.
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Fig. 2 Two types of liver partition: split of liver paren-

chyma and microwave ablation separation
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Table 1 The general data of patients in the three groups before 1st stage surgery [ (¥ +s), n (%), M(IQR) ]

Variablos Number of FIPC=0  Number of FIPC=1 ~ Number of FIPC>2 o o
(n=11) (n=12) (n=14)

Agelyears 44.36+12.26 46.75+9.03 45.14£12.64 0.185  0.832
Sex/Male 10(90.9) 11(91.7) 12(85.7) 0285  0.867
ALT/(U/L) 38.91+12.88 51.17+30.47 35.14215.60 1991  0.152
AST/(U/L) 33.00(45.00) 51.5(85.00) 42.5(25.00) 0.705  0.703
TBIL/(pmo/L) 13.43+5.70 17.40+6.25 18.06+6.44 1.938  0.160
ALB/(g/L) 37.40+5.44 39.58+2.78 39.78+3.48 1.283  0.290
PT/s 12.27+1.15 12.37+1.12 12.31+1.07 0.024  0.976
INR 1.05+0.10 1.05+0.09 1.06+0.09 0.060  0.942
PLT(x10%/L) 204.73£71.97 200.67+69.23 187.00+71.16 0221  0.803
Cirrhosis 4(36.4) 2(22.2) 3(23.1) 7390  0.495
Portal hypertension 4(36.4) 1(8.3) 4(28.6) 2.670 0.263
Number of tumors

Single 8(72.7) 8(66.7) 6(42.9)

Multiple 3(27.3) 4(33.3) 8(57.1) 2003 02064
Vascular invasion 4.(36.4) 4(33.3) 6(42.9) 0264  0.876
SLV/mL 1214.27£131.15 1237.83+88.95 1234.78+101.67 0340 0714
Preoperative evaluation FLR/mL 352.18+47.33 327.49+73.70 339.48+58.51 0.490  0.613
Preoperative evaluation FLR/SLV 0.300.04 0.27+0.06 0.28+0.05 1.151  0.328

FIPC: Formation of intrahepatic portoportal venous collateral vascular; FLR: Residual liver volume; SLV : Standard liver volume.
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Table 2 Comparison of the intraoperative and postoperative indicators after 1* stage surgery between the three groups
[(x +s),n(%), M(IQR) ]

Variables Number of FIPC Number of FIPC Number of FIPC P P
=0 (n=11) =1 (n=12) >2 (n=14)

Intraoperative condition at 1" stage

Operative time/min 273.45+75.21 251.58+65.96 204.57+127.29  0.616 0.546

Intraoperative blood loss/mL 200(700.00) 200(380.00) 150(325.00) 1.019 0.601

Volume of transfusion/ml. 0(200.00) 0(300.00) 0(0.00) 4221 0.121

Surgical procedure

Split liver 10(90.90) 9(75.00) 6(42.56)

Laparoscopic microwave ablation liver partition 1(9.09) 3(25.00) 8(57.14) 0938 0031
Postoperative condition after 1" stage
Postoperative complications

None 4(36.4) 2(16.7) 5(35.7)

Grade | 2(18.2) 6(50.0) 4(28.6)

Grade Il 4(36.4) 1(8.3) 5(35.7)

Grade Ia 1(9.1) 1(8.3) 0(0.0) 10:6030.223

Grade IV 0(0.0) 2(16.7) 0(0.0)

Hepatic insufficiency

Grade A 7(63.6) 3(25.0) 6(42.9)

Grade B 1(9.1) 5(41.7) 5(35.7) 4.641 0.326

Grade C 3(27.3) 4(33.3) 3(21.4)

Arteriovenous fistula

No 7(63.6) 9(81.8) 10(90.9)

Yes 4(36.4) 3(18.2) 1(9.1) 2938 0281
Postoperative FLR/mL 539.36+106.62 510+101.85 470.00+108.60  1.361 0.270
Postoperative FLR/SLV/% 44.86+9.31 41.478.55 37.91+9.45 1.797 0.181
Postoperative increase FLR/mL 187.18+92.64 183.43+66.70 130.21+80.39 2.054 0.144
Daily hypertrophy volume of FLR/mL 30.10+19.31 20.65+9.85 14.25+8.81 4543 0.018
Postoperative percentage of daily increase/% 2.52+2.01 1.68+0.82 1.150.71 3.614 0.038
Weekly hypertrophy volume of FLR/mL 210.71+135.15 144.53+68.97 99.72+61.70 4543 0.018

FIPC: Formation of intrahepatic portoportal venous collateral vascular; FLR: Residual liver volume; SLV: Standard liver volume.

#3 ZHBEZHFAEIRLEE
Table 3 Comparison of the 2nd stage surgery between the three groups [(x+5),n(%)]
Number of FIPC Number of FIPC Number of FIPC
Variables FIY P
=0 (n=11) =1 (n=12) >2 (n=14)

Intraoperative situation at 2" stage
2" stage surgery 10(90.9) 9(75.0) 13(92.9) 2.025 0.363
Interval between the two operations/d 10.30+3.40 12.78+3.35 16.31+5.44 4.287 0.023

IPC: Formation of intrahepatic portoportal venous collateral vessel.
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Table 4 Linear regression analysis for number of formation of intrahepatic portoportal venous collateral vessel after

1 stage surgery

Variables b S, i P Standardized coefficients
Constant 0.17 0.495 0.344 0.733

Types of liver partition 0.79 0.352 2.243 0.031 0.354

Age 0.221 0.827 excluded

Sex 0.442 0.661 excluded
Child-pugh score -1.416 0.166 excluded
Number of tumors 0.454 0.078 excluded

Portal hypertension 1.433 0.239 excluded
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