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Abstract
BACKGROUND 
Inadequate volume of future liver remnant (FLR) is a major challenge for hepato-
biliary surgeons treating large or multiple liver tumors. As an alternative to 
associating liver partition and portal vein ligation (ALPPS) for staged hepate-
ctomy and liver venous deprivation (LVD) using stage 1 interventional radiology 
for vascular embolization combined with stage 2 open liver resection have been 
used.

CASE SUMMARY 
A novel modified LVD technique was performed in a patient with pancreatic 
neuroendocrine tumor with liver metastases by using stage 1 laparoscopic ligation 
of the right hepatic vein, right posterior portal vein, and short hepatic veins 
combined with local excision of three liver metastases in the left hemiliver. The 
operation was followed three days later by interventional radiology to embolize 
an anomalous right anterior portal vein to complete LVD. A stage 2 laparoscopic 
right hemihepatectomy and pancreaticosplenectomy were then carried out.

CONCLUSION 
The minimally invasive technique promoted a rapid increase, comparable to 
ALPPS, in volume of the FLR after the stage 1 operation to allow the laparoscopic 
stage 2 resection to be performed.

Key Words: Laparoscopic; Liver venous deprivation; Future liver remnant; Case report
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Core Tip: A novel modified technique of liver venous deprivation was carried out in a patient with 
pancreatic neuroendocrine tumor with liver metastases by using stage 1 laparoscopic ligation of right 
hepatic vein, right posterior portal vein and short hepatic veins combined with local excision of 3 liver 
metastases in left hemiliver.

Citation: Wu G, Jiang JP, Cheng DH, Yang C, Liao DX, Liao YB, Lau WY, Zhang Y. Novel liver vein deprivation 
technique that promotes increased residual liver volume (with video): A case report. World J Clin Cases 2022; 
10(31): 11579-11584
URL: https://www.wjgnet.com/2307-8960/full/v10/i31/11579.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i31.11579

INTRODUCTION
Partial hepatectomy performed with curative intent is the most common treatment for primary and 
some metastatic tumors of the liver. Inadequate volume of future liver remnant (FLR) is a major limiting 
factor for major hepatectomy. Surgeons around the world have attempted to solve this problem with 
portal vein embolization (PVE), portal vein ligation (PVL) or ALPPS. However, these techniques have 
their own intrinsic defects. The degrees of increase in volume of FLR induced by PVE and PVL are 
relatively small, thus requiring a long wait period before stage 2 hepatectomy can be performed. ALPPS 
can produce greater increases in FLR volume but has high operative morbidity and mortality rates. Our 
center has reported various attempts to overcome these problems, including the use of a totally laparo-
scopic associating liver tourniquet and portal ligation for staged hepatectomy (LALTPS) via the anterior 
approach to treat hepatocellular carcinoma (HCC) in 2015, a technique involving liver tourniquet 
combined with rescue transhepatic arterial embolization for staged hepatectomy in 2017[1,2], and mono-
segmental ALPPS to treat end-stage hepatic alveolar echinococcosis in 2022[3].

Recently, liver venous deprivation (LVD) involving interventional radiology has been reported to 
induce a comparable rate of increase in FLR volume to ALPPS but with lower morbidity and mortality
[4]. A novel modification of the LVD technique was performed in our center on a patient with 
pancreatic neuroendocrine tumor (PNET) with liver metastases. The team used stage 1 laparoscopic 
ligation of right hepatic vein, right portal vein, and thick short hepatic veins (here called laparoscopic 
liver venous deprivation, or LLVD), combined with laparoscopic local resection of three metastases in 
the left hemiliver. In this patient, complete LVD was achieved three days later by interventional 
radiology to embolize the anomalous right anterior portal vein that drained into the left portal vein. A 
stage 2 laparoscopic pancreatiosplenectomy and right hemi-hepatectomy were then carried out in this 
patient. The stage 1 minimally invasive LVD procedures significantly increased FLR volume to allow 
the stage 2 laparoscopic resection. To our knowledge, this is the first report on this new technique–using 
completely laparoscopic and interventional radiology for the two-stage minimally invasive procedure to 
achieve complete LVD–to allow a subsequent stage 2 laparoscopic resection surgery.

CASE PRESENTATION
Chief complaints
A 46-year-old woman presented to our clinic with pathologically confirmed pancreatic neuroendocrine 
tumor with multiple liver metastases (PNET, G2 grade) for 2 mo.

History of present illness
Two months before, she was diagnosed as “multiple space-occupying lesions” with computed 
tomography (CT) in physical examination.

History of past illness
After the biopsy in department of medical oncology, the patient received two cycles of systemic 
chemotherapy using streptozotocin and 5-fluorouracil before surgical treatment. However, the tumors 
failed to significantly respond to chemotherapy.

Personal and family history
The patient denied any family history of malignant tumors.

https://f6publishing.blob.core.windows.net/465fad9a-9dab-4151-87c3-9f951f3f552f/WJCC-10-11579-video.mp4
https://www.wjgnet.com/2307-8960/full/v10/i31/11579.htm
https://dx.doi.org/10.12998/wjcc.v10.i31.11579
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Figure 1 Representative computed tomography scans. A: Representative computed tomography scans before stage 1; B: Representative computed 
tomography scans before postoperative day (POD) 1; C: Representative computed tomography scans before POD 10; D: Representative computed tomography 
scans before POD 60; E: Representative computed tomography scans before POD 90/before stage 2; F: Representative computed tomography scans before POD 7, 
stage 2.

Physical examination
The vital signs were normal, no abdominal abnormities were found.

Laboratory examinations
Serology showed her to be negative for hepatitis. The preoperative indocyanine green (ICG) R15 for 
stage 1 surgery was 1.3%, and that for stage 2 surgery 8%. She had normal liver function (Child-Pugh 
A).

Imaging examinations
Her standardized liver volume (SLV) was 1116.6 cm3 based on the West China Hospital formula. Her 
body weight (BW) was 60 kg. Her left hemiliver (LHL) volume, including the tumors, was 401.6 mL, 
and the FLR/BW and FLR/SLV were 0.67% and 36%, respectively. The representative pre-
/postoperative CT scans, including the preoperative (stage 1), postoperative day 1 (stage 1), posto-
perative day 10 (stage 1), postoperative day 60 (stage 1), preoperative (stage 2)/postoperative day 90 
(stage 1), and postoperative day 7 (stage 2) are shown in Figure 1. Calculations of the liver residual 
volumes before and after the stage 1 operation are summarized in Table 1, showing the volume of the 
left hemiliver without tumors to be 381.7 mL. The preoperative three-dimensional reconstructions of 
stage 1 (Figure 2H) and stage 2 operations (Figure 2I) are shown in Figure 2.

FINAL DIAGNOSIS
Pancreatic neuroendocrine tumor with multiple liver metastases.

TREATMENT
A two-staged hepatectomy was decided based on the low FLV/BW (0.67%) and the history of 
chemotherapy.

The stage 1 operation consisted of laparoscopic ligation of right posterior portal vein (RPPV) 
(Figure 2A), right hepatic vein (RHV) (Figure 2F), and several thick short hepatic veins combined with 
local resection of three tumors in the left hemiliver (Figure 2B-C). In the operation, after temporarily 
clamping the RHV with a bulldog clamp, the blood supply to the liver was monitored intraoperatively 
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Table 1 Volumetric data

Time LHL volume (cm3) Relative FLR increase (%) FLR/BW, % LHL volume /SLV (%)

BO 381.7 / 0.64 34.18

POD 1 485.9 27.3 0.81 43.52

POD 10 757.1 98.4 1.26 67.80

POD 60 787.4 106.3 1.31 70.52

POD 90 810.5 112.4 1.35 72.58

POD: Postoperative day; LHL: Left hemi liver; FLR: Future liver remnant; BO: Before operation; SLV: Standardized liver volume; BW: Body weight.

Figure 2 Representative pictures of the stage 1 and stage 2 operations. A-C: Laparoscopic ligation of right posterior portal vein (A), short hepatic vein 
(B), and complete resection of tumors in the left hemiliver (C); D-F: Post-ligation blood supply of left hemiliver (D) and right hemiliver (E) on indocyanine green 
staining during the stage 1 operation. Laparoscopic ligation of right hepatic vein (F); G: Stage 2 operation after resectional surgery; H and I: Preoperative three-
dimensional reconstructions before stage 1 operation (H) and before stage 2 operation (I).

using ICG staining (Figure 2D-E). The hepatic ischemia induced by LLVD was moderate in the right 
hemiliver. The RHV was then ligated, followed by the other procedures as described above. The 
anomalous right anterior port vein (RAPV), which was found preoperatively to drain into the left portal 
vein, was embolized by interventional radiology on postoperative day (POD) 3. After discharging the 
patient home after the stage 1 operation, the patient was given 300-mg surufatinib capsules orally daily 
(Hutchmed, Shanghai, China) until one week before the stage 2 operation. No significant side effects 
were observed.

Laparoscopic right hemi-hepatectomy and distal pancreaticosplenectomy were performed on POD 90 
of the stage 1 operation. The patient was discharged home from the hospital on POD 8 after the stage 2 
operation. The detailed procedures are shown in Figure 2 and Video.

OUTCOME AND FOLLOW-UP
After the stage 1 operation, CT volumetry was performed once every 2 d for 10 d, and the results are 
shown in Table 1. The relative FLR increase in volume of the left hemiliver in percentage, and the kinetic 
growth rate in mL/day were 27.3/37.5 on POD 1 and 98.4/104.3 on POD 10, respectively. This novel 
technique of liver vein deprivation is less invasive than using open surgery, and the patient did not 

https://f6publishing.blob.core.windows.net/465fad9a-9dab-4151-87c3-9f951f3f552f/WJCC-10-11579-video.mp4
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Table 2 Perioperative data

Time AST, U/L ALT, U/L TBIL, μmmol/L DBIL, μmmol/L Alb, g/L INR PT, s

BO 38 63 8.8 3.9 37.2 1.02 11.4

POD 1 (STAGE 1) 402 567 14.1 5.6 29.7 1.15 12.8

POD 3 (STAGE 1) 141 365 13.4 5.7 30.4 1.11 12.4

POD 5 (STAGE 1) 74 245 12.5 5.6 31.7 1.12 12.3

POD 7 (STAGE 1) 56 168 10.4 4.5 31.1 1.12 12.5

POD 9 (STAGE 1) 47 113 21.7 8.4 34.8 1.11 13.8

POD 1 (STAGE 2) 320 203 31.5 13.5 30.0 1.30 14.4

POD 3 (STAGE 2) 143 144 16.6 5.2 23.1 1.22 13.6

POD 5 (STAGE 2) 73 114 29.4 15.1 29.1 1.24 13.8

POD 7 (STAGE 2) 29 46 16.7 7.9 39.2 1.21 13.5

Alb: Albumin; ALT: Alanine aminotransferase; AST: Aspartate transaminase; DBIL: Serum direct bilirubin; INR: International normalized ratio; Neu: 
Neutrophil granulocyte; PT: Prothrombin time; TBIL: Serum total bilirubin.

suffer from any post-treatment complications, such as bile leakage or hemorrhage. The perioperative 
laboratory data are shown in Table 2, supporting the safety of this technique. The stage 2 resection 
surgery was also performed laparoscopically, and the patient was discharged home on POD 8 
(Figure 2G).

The patient was followed up till now, more than 6 mo, alive without tumor recurrence.

DISCUSSION
Kinoshita et al[4] reported in 1986 that PVE was able to induce contralateral liver volume enlargement. 
This procedure has since become an accepted means of increasing FLR volume, though the degree of 
increase is relatively small. ALPPS is more effective in promoting a more rapid change in the FLR 
volume (+74% in a median of 9 d). However, the perioperative morbidity and mortality rates are high as 
a consequence to the extensive surgical procedure and trauma[5]. LVD was initially performed by 
sequential embolization of the portal vein and then the hepatic vein by using the interventional route
[6]. Subsequently, concurrent trans-hepatic PVE and hepatic vein embolization have been shown to be 
safe, feasible, and effective. The increase in FLR volume has been reported to be 59.3% on day 27[7]. 
Other authors have reported that extending LVD (eLVD) by embolizing the middle hepatic vein in 
addition to the RHV can increase the degree of increase in FLR volume to an extent comparable to that 
obtained produced ALPPS (average 64.3%, range from 28.1% to 107.5%, on day 21)[8,9]. This approach, 
which is also called “radiological ALPPS,” has been proposed by some authors as a replacement for 
ALPPS because it is less invasive.

CONCLUSION
In conclusion, this is a case report on a patient with PNET with multiple liver metastases. The PNET G2 
is a borderline tumor with malignant characteristics. It was treated with laparoscopic ligation of RPPV, 
short hepatic veins and RHV. 3 metastases in the left hemiliver were also resected in stage 1, clean-up in 
ALPPS to prevent growth of FLR tumors[10]. Embolization of RAPV by interventional radiology was 
performed on POD 3 for an anomalous portal venous branch to complete LVD. This novel approach 
increased the left hemiliver volume by 27.3% on POD 1 and 98.4% on POD 10. There were no major 
complications. Like ALPPS, eLVD, and traditional LVD, this procedure was safe and effective. Complete 
LVD by laparoscopic ligation of RHV, RPPV, and several thick, short hepatic veins and embolization of 
RAPV, were responsible for the good results. The liver function of this patient recovered rapidly within 
one week. The multiple hepatic metastatic lesions and the pancreatic tumor were dealt with using a 
stage 2 laparoscopic pancreaticosplenectomy and right hemi-hepatectomy based on our rich experience 
in laparoscopic surgery. Concurrent targeted therapy using surufatinib was used to prevent future 
remnant tumor growth and metastasis. This reported surgical treatment needs further research, and 
more cases are required to establish its proper role in treating these patients.
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