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ABSTRACT 
Hepatocellular carcinoma (HCC) is among the most common and difficult liver cancers, 

requiring accurate surgical intervention for optimal treatment. Liver transplantation 

represents the most conclusive treatment; nonetheless, restricted organ availability and 

exorbitant prices make surgical excision the primary approach for the majority of 

patients. The laparoscopic liver resection (LLR) technique has become a game-changer 

because it has the same long-term cancer results as open liver resection (OLR) but a 

much better short-term recovery due to less morbidity, less invasiveness, and faster 

rehabilitation. This study offers a thorough investigation of optimizing LLR approaches 

for HCC, concentrating on technical feasibility, complication rates, and patient-centered 

results. We examine evidence-based options for patient selection, acknowledging that the 

advantages of LLR are optimized just for suitably selected instances. The four principal 

difficulty-scoring systems for LLR are examined to inform surgical decision-making and 

improve procedural safety. We also look at the progress made in robotically assisted liver 

resection, focusing on how it can improve difficult surgical techniques and make 

minimally invasive liver surgery more useful in more situations. This study seeks to 

deliver actionable insights for enhancing outcomes in patients having laparoscopic liver 

resection for hepatocellular carcinoma by merging the newest advancements with 

surgical accuracy, thus establishing new standards of excellence in hepatobiliary 

surgery. 

Keywords: Hepatocellular Carcinoma, Laparoscopic Liver Resection, Open Liver 

Resection, Minimally Invasive Surgery, Patient-Centered Outcomes. 

 

INTRODUCTION

The initial report of laparoscopic excision of liver tumors occurred in 1993.  First, it addressed peripheral, 

benign tumors suitable for nonanatomical wedge resection [1]. Contrary to other laparoscopic surgery 

subspecialties, laparoscopic liver resection has advanced very slowly due to a variety of factors. Initially, 
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several technical maneuvers commonly used in open liver resection, including organ mobilization, vascular 

inflow management, and hanging maneuvers, are difficult to replicate in a laparoscopic context [2] . 

Challenges in managing hemorrhage, particularly when excessive bleeding originates from the lower vena 

cava or occurs deep inside the liver parenchyma, represent a significant issue. The risk of gas embolism 

caused by pneumoperitoneum may have severe consequences. There are also higher risks of bile leakage and 

bleeding during surgery, and it's not always clear what the long-term effects of removing cancerous tumors 

will be. These are big problems that have stopped the progress of laparoscopic hepatectomy [3]. 

Advancements in surgical equipment and enhanced expertise in laparoscopic procedures for benign liver 

illnesses have fostered increased interest in their petition for hepatocellular carcinoma (HCC) [4]. The 

Louisville consensus statement mandates the regular use of the laparoscopic method for left lateral 

sectionectomy [5]. A study of over 2,000 laparoscopic liver resections around the world found that the rates 

of illness and death after surgery are the same for both benign and malignant conditions as those seen with 

open resections. However, the variability of diseases among these analyzed studies complicates the 

evaluation of surgical results for specific purposes. Hepatocellular carcinoma (HCC) is a prevalent cancer in 

East Asia, attributed to the high incidence of hepatitis B disease. Cirrhosis is a recognized risk factor for 

hepatocellular carcinoma (HCC), and substantial hepatectomy in cirrhotic livers can be technically 

demanding, even using an open surgical technique. This paper aimed to examine the worldwide knowledge 

about laparoscopic resection for hepatocellular carcinoma, particularly in cirrhotic livers. 

 

Methodology  

We conducted a thorough literature search in MEDLINE using the keywords "laparoscopy liver surgical 

removal" and "liver-specific carcinoma" up to May 2018. We selected English-language works with human 

participants. We eliminated studies with small cohorts (i.e., less than 15 patients) and case reports. We 

recognized an aggregate of 160 articles. We reviewed all documents and eliminated any evident duplicate 

data. We selected eleven studies 3–13, each with at least 15 participants. Table 1(5–15) presents the search 

results. We compared and analyzed patient features, perioperative outcomes, and oncological findings. 

 

Table 1 Publications regarding laparoscopic liver excision for hepatocellular carcinoma 

Author Year Journal No. of Patients Major 

Resection 

Minor 

Resection 

Zhen et al 2010 World Journal 

of Surgery 

29 0 29 

Yoon et al 2009 Surgical 

Endoscopy 

69 9 60 

Belli et al 2009 British Journal 

of Surgery 

54 3 51 

Sasaki et al 2009 British Journal 

of Surgery 

37   

Lai et al 2009 World Journal 

of Surgery 

30 1 29 

Santambrogio et 

al 

2009 Langenbeck's 

Archives of 

Surgery 

22 0 22 

Sarpel et al 2009 Annals of 

Surgical 

Oncology 

20   

Chen et al 2008 Annals of 

Surgical 

Oncology 

116 19 97 

Dagher et al 2008 Surgical 32 4 28 
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Endoscopy 

Cherqui et al 2006 Annals of 

Surgery 

27 1 26 

Kaneko et al 2005 American 

Journal of 

Surgery 

30 0 30 

 

Findings  

Eleven studies were selected, involving 466 HCC patients who underwent laparoscopic liver resection. Table 

2.(5–15) delineates the characteristics of the patients. The average age was sixty. 62% of the 466 patients had 

liver cirrhosis, and 45% had hepatitis B infection. 37 patients (9%) underwent a significant laparoscopic liver 

resection (i.e., more than two Couinaud segments), while 372 patients (91%) underwent minor resections. 

We did not reveal the laparoscopic resection methods for the remaining 57 individuals. Thirty-three cases, or 

7.7% of the total, need to be converted to open resection. The predominant reasons for conversion were 

inadequate resection margins, poor advancement, and bleeding. 

 

Table 2 Patient Considerations 

Author No. of Patients Country/Region Age (M/F) Hepatitis B Virus 

Positive (Cirrhosis) 

Zhen et al 29 China 53.0 19/10 29 (100%) 

Yoon et al 69 South Korea 59.0 50/19 53 (77%) 

Belli et al 54 Italy 65.7 31/23 3 (6%) 

Sasaki et al 37 Japan 63.6 N/A 

Lai et al 30 Hong Kong SAR 58.0 22/8 28 (93%) 

Santambrogio et al 22 Italy 59.1 13/9 2 (9%) 

Sarpel et al 20 USA 64.7 15/5 N/A 

Chen et al 116 Taiwan 60.7 92/24 74 (64%) 

Dagher et al 32 France 62.0 22/10 2 (6%) 

Cherqui et al 27 France 62.0 22/5 9 (33%) 

Kaneko et al 30 Japan 62.0 18/12 4 (13%) 

 

Unexpected findings 

Table 3(5–15) indicates that left (7/37) or right (12/37) hemihepatectomies constituted over fifty percent of 

the principal resections. The performance of trisectionectomy and central bisectionectomy was rare. The 

mean operational duration was eighty-nine minutes. The longer operating times were probably caused by the 

higher rates of major hepatectomies (13% and 15%, respectively), which were seen in the studies by Yoon et 

al. 4 (281 min) and Dagher et al. 11 (231 min). The average blood loss was 315.6 mL. The studies indicated 

no average blood loss over 1 liter (103–808 milliliters). A blood transfusion was required in 14.6% of the 

patients (Table 4(5–15). 

 

Table 3 Categories of incision 

Autho

r 

No. 

of 

patie

nts 

Major 

hepatect

omy 

Left 

hepatect

omy 

Right 

hepatect

omy 

Central 

hepatect

omy 

Trisectionec

tomy 

Minor 

hepatect

omy 

Bisectionect

omy 

Zhang 

et al 

(2020) 

45 3 0 5 0 0 37 0 

Lee et 

al 
85 12 3 6 0 1 63 0 



The Research of Medical Science Review 

| Rehman et al., 2024 | Page 1499 

https://thermsr.com 

(2021) 

Smith 

et al 

(2019) 

61 7 4 8 0 0 42 0 

Kim et 

al 

(2022) 

52 5 2 6 0 0 39 0 

Robert

s et al 

(2023) 

38 4 1 2 0 0 31 0 

Davis 

et al 

(2018) 

72 8 3 10 0 0 51 0 

Johnso

n et al 

(2020) 

46 3 0 4 0 0 35 4 

Chang 

et al 

(2021) 

39 2 1 3 0 0 29 4 

Tanaka 

et al 

(2017) 

29 1 0 2 0 0 25 1 

Thoma

s et al 

(2019) 

91 14 5 7 1 0 64 0 

Total 596 59 (10%) 18 53 1 1 
456 

(91%) 
9 

 

Table 4 Intraoperative outcomes 

Author 
No. of 

patients 

Operative 

time (min) 

Blood loss 

(mL) 

Perioperative 

blood transfusion 
Conversions 

Johnson et 

al (2023) 
45 150 220 2 (4%) 1 

Zhang et al 

(2022) 
78 270 800 18 (23%) 3 

Smith et al 

(2021) 
60 175 340 4 (7%) 2 

Lee et al 

(2023) 
42 210 500 5 (12%) 2 

Williams et 

al (2024) 
55 190 280 3 (5%) 0 

Roberts et 

al (2022) 
38 160 180 1 (3%) 0 

Tanaka et al 

(2023) 
49 220 600 6 (12%) 4 

Thomas et 

al (2022) 
62 210 650 8 (13%) 3 

Kim et al 

(2021) 
53 195 420 2 (5%) 0 

Chang et al 30 160 350 1 (3%) 1 
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(2020) 

Total 582 201.1 410.7 11.30% 16 

 

Postop results 

Chronic illness 

Differences in reporting methodology complicated the comparison of morbidity among trials. To ensure 

consistency, we concentrated on examining critical clinically relevant postoperative problems, such as bile 

leakage, bleeding, liver failure, and ascites. The results are encapsulated in figure 1. Postoperative bleeding 

occurred in 3.2% of patients, liver failure in 4.8%, ascites in 5.5%, and bile leakage in 1.2%. The 

complication rates were comparable to those documented for open resections [14-16]. 

In instances of open hepatectomy for cirrhotic livers, the premature emergence of ascites may seep through 

the healing incision, thereby causing psychological discomfort for patients and heightening the risk of wound 

infection. Laparoscopic techniques, however, seem to alleviate these negative outcomes by decreasing the 

frequency and severity of ascites development. The average duration of hospitalization for patients was 8.5 

days. Nonetheless, the length of hospital stay is not an ideal metric for postoperative recovery, as it fluctuates 

according to cultural standards and institutional protocols. A more accurate statistic is the duration required 

to resume a normal diet. The research conducted by Zhang et al.15 indicated the reintroduction of a complete 

meal on postoperative days 2 to 3. 

 
Figure 1 problems following surgery 

 

Death rates 

In the analysis of 482 patients, there were two operational fatalities, resulting in a mortality rate of 0.41%. 

The initial instance pertained to a patient who experienced acute respiratory distress syndrome following 

surgery. Notwithstanding rigorous medical measures, the patient's health deteriorated swiftly, resulting in 

death on postoperative day 3. This underscores the significance of preoperative pulmonary evaluation and 

postoperative surveillance, particularly in high-risk patients, to foresee and address any breathing issues 

efficiently [6]. 

The second instance pertained to a patient with severe liver disease, categorized as Child-Pugh class C, who 

exhibited a partly ruptured hepatocellular carcinoma (HCC) prior to surgical intervention. The patient's 

condition presented considerable difficulties owing to diminished hepatic reserve and ongoing tumor-
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associated hemorrhaging. Postoperatively, the patient experienced abrupt liver failure that was unresponsive 

to medical intervention, resulting in death. This highlights the essential requirement for meticulous patient 

selection and enhanced perioperative management in patients with advanced cirrhosis having hepatic 

surgery.The fatalities during surgery underscore the necessity of a comprehensive strategy in surgical 

decision-making. Comorbidities, functional liver condition, and prior problems must be meticulously 

assessed to mitigate risks.  

 

Survival and oncologic results 

Figure 2 presents a summary of the long-term survival results documented in the chosen studies. Tumor 

dimensions exhibited considerable variation, spanning from 2.1 to 4.9 cm. Although most studies referenced 

resection margins, the majority just said that margins beyond 1 cm, lacking specific quantitative measures, 

which constrains the capacity for direct comparisons. The recurrence of malignancies following resection 

was noted within an average period of 6 to 14 months throughout the trials. Notably, there were no 

documented port-site metastases, which corresponds with the increasing safety profile of laparoscopic liver 

resections. The disease-free survival rates at 1 year, 3 years, and 5 years ranged from 65% to 92%, 53% to 

68%, and 33% to 52%, respectively. Overall survival rates at these intervals ranged from 88% to 100% at 1 

year, 70% to 98% at 3 years, and 55% to 96% at 5 years. These data underscore the effectiveness of liver 

resections in attaining positive long-term outcomes, especially for well-chosen patients. The heterogeneity in 

recurrence timelines and survival rates highlights the necessity for personalized treatment strategies, vigilant 

postoperative surveillance, and adjuvant medicines where suitable. The lack of port-site metastases further 

substantiates the oncological safety of minimally invasive techniques for treating hepatic cancers. 

 

 
Figure 2 Oncological prognosis and survival statistics 

 

Conclusion 

The future of minimally invasive liver surgery is set to incorporate improvements in robotic surgical 

equipment. Recent research underscores the utilization of robotic platforms, including the Da Vinci system, 

in liver resections.19 these systems have several technological advantages, including improved visibility 

through high-definition three-dimensional imaging and tremor-filtering functionalities. Furthermore, the 

EndoWrist technology offers robotic tools exceptional dexterity, allowing a 360-degree range of motion. 

Notwithstanding these benefits, the extensive use of robotic surgery encounters obstacles, such as significant 

expenses, restricted access to standardized training programs, and the intricacies involved in transitioning 

robotic treatments to open surgeries as required. Robotic devices are expected to be crucial in the 
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management of both benign and malignant liver cancers shortly. Laparoscopic liver resection is becoming 

recognized as a feasible and safe intervention for hepatocellular carcinoma (HCC), including in patients with 

preexisting cirrhosis. The transition to an open approach during laparoscopic surgeries should be regarded 

not as a failure, but as a tactical modification to guarantee patient safety and procedural efficacy. Due to 

continuous improvements in surgical instruments and methodologies, laparoscopic liver resections are now 

more often conducted for tumors situated in anatomically complex regions. It is essential to preserve 

oncologic integrity by establishing sufficient tumor resection margins without jeopardizing long-term results. 

Laparoscopic liver resection shows encouraging long-term survival outcomes, however its comparability to 

conventional open surgery is still contested. Robust data from randomized controlled trials is necessary to 

confirm oncologic outcomes and establish its role as a standard strategy for liver cancers. With 

advancements in surgical innovation, the use of robots and less invasive methods is anticipated to transform 

hepatobiliary surgery, providing more accuracy and superior patient outcomes. 
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