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Abstract  

Hepatobiliary diseases such as hepatocellular carcinoma, metastatic liver tumours, and hepatic benign 

lesions are treated with liver resection which remains an important technique. Traditional open liver 

resection (OLR) is the standard procedure, but laparoscopic liver resection (LLR) is being more 

widely accepted. This meta-analysis aims to evaluate whether LLR is associated with lower mortality 

and complication rates as compared to OLR. Meta-analysis PRISMA, randomised controlled trials 

(RCTs), cohorts, and retrospective studies employing LLR vs OLR were reviewed. Important outputs 

that were gauged included rates of mortality, rates of overall complications, length of hospitalisation, 

and post-operative complications. Subgroup classification based on tumour sizes, grades of liver 

functions, and levels of resection were used to understand outcomes. Bias was evaluated using funnel 

plot analysis and Egger's test. The pooled mortality rate for LLR was significantly lower (1.9%) 

versus OLR (3.7%). The most notable improvement was for patients with minor resections and benign 

liver diseases. Likewise, overall complication rates were lower in LLR (14.5% vs 21.8%), 

significantly reduced cases of postoperative bleeding, bile leakage, infectious complications, and 

pulmonary complications. LLR patients had shorter hospital stays (6.1 vs 9.4 days) and a lower re-

admissions rate (4.3% vs 6.7%), which positively impacted their postoperative recovery. In patients 

with well-preserved liver function and tumours of up to 5 cm in size, LLR has a specific advantage. 

In contrast, for higher volume centres, the majority of resections and cirrhosis patients, the results 

were similar. These sensitivity analyses and Egger's test further corroborate this finding that 

publication bias was not exposed. This meta-analysis suggests that LLR is a viable option compared 

to OLR and demonstrates lower complication rates, better recovery, and lower mortality. However, 

the challenges of the technique, patient selection, complexity of the procedure, and increased 
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operation time remain. Further well-conducted and more RCTs should focus on improving patient 

selection and evaluating effective prolonged oncology outcomes. In turn, widening the approaches to 

controlled rehabilitation in robotic technologies and providing basic instructions will improve the 

results of laparoscopic surgery of the liver. 

 

1. Introduction 

Liver resection, also known as hepatectomy, is a highly sophisticated surgical operation performed 

for primary and metastatic liver cancers as well as other benign tumours and several other 

hepatobiliary disorders (Braunwarth et al., 2018). Like any other surgery in surgical oncology, liver 

resection is one of the most complicated surgical procedures. Therefore, it requires utmost skill along 

with proper perioperative care to ensure that the chances of morbidity and mortality are minimized. 

For many years, the preferred surgical option was open liver resection (OLR), or the traditional way, 

since it permitted direct access to and viewing of the liver structures. 

Nonetheless, advances in techniques developed in the recent past have resulted in an increased 

preference for laparoscopic approaches over traditional methods, specifically, less pain after surgery, 

shorter hospital stays, and faster recovery (Braunwarth et al., 2018). However, some issues still 

remain pertaining to laparoscopic surgery’s safety, feasibility, and even oncological effectiveness as 

compared to advanced surgical techniques, especially in the case of extensive hepatectomies and other 

complicated resections. 

Radical changes in instrumentation, coupled with advances in imaging technologies during the past 

twenty years, have drastically increased the scope of laparoscopic liver surgeries. This set of 

innovations is associated with so-called ‘clearance’ laparoscopic approaches to partial hepatectomies 

and lobectomies, as well as increasing reports of their application for living or even cadaveric organ 

donors. In opposition to the peripheral resections that had been fashionable in the past twenty years, 

nowadays, surgeons frequently perform laparoscopic surgery on anatomically difficult central and 

even large-sized tumours of the liver (Reguram et al., 2024). 

As a further advancement, there have also been documented instances of the new phenomenon, 

termed major laparoscopic living donor hepatectomies. The shift towards minimally invasive surgery 

was made possible with the emergence of advanced ultrasonic, laser, and high-frequency 

electrosurgical devices. Bestowed with improvements in imaging technology, anatomic 

understanding of the liver, and the efficiency of laparoscopic tools, medical professionals are now 

more well-equipped to categorically decide whether laparoscopic or open liver resection techniques 

are ideal during particular surgical settings (Omar et al., 2023). However, the two techniques have 

recently been the focus of discontent owing to the unresolved debate regarding mortality and the rate 

of complications that arise post-operation. 

As in any other surgical procedure, mortality and complications are key measures for safety 

assessment. Liver resections are high-risk surgical operations owing to the peculiarities in the 

anatomy of the liver and the risk of massive bleeding, biliary problems, as well as postoperative liver 

failure (Zhang et al., 2024). Over the years, the mortality associated with liver resections has 

improved remarkably owing to advanced surgical methods, better choices of patients, and 

sophisticated perioperative management.  

As with many things in medicine, there are differences in perception of risk between laparoscopic 

and open approaches, which promise an avenue for ongoing surgical research. Supporters of LLR 

suggest that the procedure is beneficial due to reduced blood loss during surgery, decreased 

postoperative wound infection rates, and quicker recovery (Grammens, 2020). On the contrary, 

opponents single out concerns regarding the increase in the level of surgical intraoperative 

complications due to more technical problems with extended operations in patients with larger 

tumours and cirrhotic livers. 

In comparative studies, some studies report better outcomes and suggest that LLR is associated with 

lower morbidity rates without compromising the oncological outcomes, and others highlight the 

issues surrounding patient selection and procedural difficulties. Systematic and meta-analyses serve 

an essential purpose in gathering and integrating evidence from several studies to augment the 
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understanding of the corresponding risks and benefits of each approach. Targeted meta-analysis 

utilizing data from various patients and surgical centres allows for the examination of identifiable 

trends of heterogeneity. It provides greater statistical power when considering differences in 

complication and mortality rates. Such considerations are essential for clinical decision-making as 

they help form evidence-based recommendations for practice (Law & MacDermid, 2024). 

The importance of comparing death and complication rates of laparoscopic and open liver resection 

is not solely limited to surgical effectiveness but rather encompasses patient health and overall 

expenses for healthcare services (Kamarajah et al., 2022). Fewer complications and deaths mean a 

better life for patients, less time spent in hospitals, and lower expenditure on healthcare services. 

Moreover, the incorporation of new advancements in laparoscopic procedures will continue to 

influence the refinement of laparoscopic skills and procedures, as well as broaden the criteria for 

performing laparoscopic liver resection in practice. Understanding the elements that result in 

favourable or unfavourable outcomes of diligent liver resection as compared to ordinary liver 

resection can optimize patient selection, surgical techniques, and perioperative care. 

Liver resection is still of critical importance for the treatment surgeries of hepatobiliary disorders, 

and the preferences of laparoscopic or open techniques are matters of criticism and consideration. 

Even though there are a lot of possible benefits in performing laparoscopic liver resection, its safety 

and efficacy regarding open surgery needs thorough investigation, especially concerning mortality 

and complication rates. This study will, hopefully, fill a gap in the literature by systematically 

examining the existing literature, identifying patterns, and analyzing the risk factors to bolster multi-

attribute analysis of surgical approaches for liver resections. This meta-analysis is expected to 

improve the quality of evidence that informs clinical judgement and serves to minimize harmful 

outcomes for patients (Dias et al., 2018). 

Liver resection is a critical and essential surgery for the management of several hepatobiliary 

conditions, such as hepatocellular carcinoma, intrahepatic cholangiocarcinoma, colorectal liver 

metastases, and benign hepatic tumours (Braunwarth et al., 2018). There have been remarkable 

improvements in the outcomes of patients with perioperative morbidity and mortality because of the 

constant evolution in surgical oncology. Techniques for performing liver resections have changed 

from open liver resection to laparoscopic liver resection, which is becoming increasingly popular 

because it is less invasive.  

However, questions regarding the adoption of LLR, especially when safety, feasibility, and long-term 

oncological outcomes are considered in comparison to OLR, remain unresolved. It is crucial to 

analyze mortality and complication rates associated with both surgical approaches as this would help 

sharpen clinical judgement and improve outcomes for patients. 

The liver is one of the most crucial and complex organs in the human body. It is well known that the 

higher the complexity, the more difficult it is to operate, especially in surgeries. One of the most major 

challenges in operating on the liver is the substantial amount of intrapatic bleeding that usually takes 

place during the surgery. In addition, the liver has the unique ability to regenerate itself. This makes 

any attempt at partial or complete resection difficult since most functions of the remaining liver tissue 

need to be preserved. As we know, liver resection is always complicated by the presence of liver 

steatosis or cirrhosis which compromises the planning and recovery process of the surgery (Tan et al., 

2020). Considering these factors, it is imperative that a specific method is selected for oncology 

treatment and for the wellbeing of the patient throughout the entire process of surgery, from pre to 

post (Tan et al., 2020). 

Since the early 1990s, laparoscopic liver resection (LLR) has undergone drastic changes in terms of 

technique and skill. Right from the start, the major restriction that was placed on these procedures 

was within the removal of the anterolateral parts of the liver. This restriction stemmed from the fear 

of excessive loss of blood in the course of opening, exposing, and cutting deep into the tissues. 

The use of ultrasound in conjunction with improved tools for vascular occlusion has made LLR much 

better than it used to be in the past (Ferrero et al., 2019). In addition, the ability to remove arms of 

the surgical robot during laparoscopic surgeries greatly improves the accuracy and control of these 

delicate procedures. 
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Regardless of these advancements, surgeons across the world agree that performing laparoscopic 

primary hepatic resection remains a daunting challenge and one that can only be attempted by a highly 

qualified and experienced hepatobiliary surgeon (Ferrero et al., 2019). 

Reasons supporting the shift from LLR techniques to OLR techniques are well proven and feature: 

decrease in intraoperative blood loss, drop in wound infection occurrence, decline in postoperative 

pain, shorter period of hospitalisation, and faster resumption of normal activities. The benefits of 

surgery and the cosmetic outcome after surgery may be significantly improved by the diminishing of 

incisional trauma associated with low laparoscopic incisional surgery. Nevertheless, enhanced 

recovery after surgery protocols have been adapted in laparoscopic liver surgeries, and this alone has 

improved postoperative evolution significantly. However, the question still stands whether or not LLR 

is as oncologically effective in more extensive liver resections, as it is in its significantly more 

advantageous forms (Angeli-Pahim et al., 2023). 

The central issue when reviewing the LLR techniques against those of OLR techniques is allocation 

bias. The selected patients for LLR usually tend to have smaller lesions to begin with, and also more 

favourable liver functions paired with anatomically pleasing structures which are more than suitable 

for this procedure. 

 

OLR patients, on the other hand, are more challenging because they tend to have centrally placed 

bulky lesions with underlying liver disease or a previous history of abdominal surgery (Kostov et al., 

2023) which increases the difficulty and the risk of complications. This discrepancy needs to be 

considered when evaluating the mortality and complication rates of these two techniques. 

One more factor that stands out is how a particular arthroscopic provider’s surgical skills and the 

institution’s components of efficiency and effectiveness within the unit affect the results. Unlike other 

surgical procedures, LLR has been found to have better outcomes with LLR in extremely busy hepatic 

surgery centres because of a well-trained operating hepatobiliary team. In contrast, staff in some 

surgery centres with less experience of laparoscopic liver surgery may incur more complications due 

to the difficult learning curve associated with these advanced procedures. Of particular importance, 

as we move from open surgery to laparoscopic surgery there is a paradigm shift in the technique of 

surgery. This is a technique that requires special training to prevent experts from practising it without 

training due to the risks for LLR and the requirement to exercise restrictions on its practice (Zelhart 

& Kaiser, 2018). 

Even if there is preliminary data showing LLR's relation to lower morbidity perioperatively, the 

patients’ free survival plus overall survival is still being evaluated. Alongside short-term rarer 

complications like bile leakage and intra-abdominal infections (Cipriani et al., 2018) alongside liver 

failure, all must be assessed in tandem with disease recurrence and long-term outcomes as well as the 

patient's quality of life. Furthermore, the economic impacts of LLR and OLR are crucial given that 

laparoscopic procedures tend to be more costly due to surgical equipment and the length of the 

operation, which negates the benefits of less hospital time. 

Meta-analysis serves as a sophisticated data synthesis tool which integrates findings from multiple 

studies. It not only analyses randomised controlled trials and retrospective studies, but extracts 

essential patterns and trends from them as well. In addition, it allows for subgroup analyses based on 

tumour type, liver disease status, extent of resection, and level of the surgeon’s experience. This 

allows for greater analysis of which patients will benefit from LLR more than others. Through 

sharpening surgical parameters and influencing policies on practice-based evidence, comprehensive 

meta-analyses can shift the trends in hepatobiliary surgeries (Cipriani et al., 2018). 

Assessing the rates of mortality and postoperative complications within patients who undergo 

laparoscopic versus open liver resection is and has always been one of the most vital overarching 

issues to tackle due to the impact it has on patient management and overall surgical practices (Görgec 

et al., 2021). There are still many unanswered questions regarding the feasibility of LLR in complex 

resection cases and its long-term oncological outcomes despite the proliferation in the use of 

laparoscopic surgeries due to the drastic decrease in recovery time and surgical morbidity. 
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Such analysis (and a full detailed meta-analysis) will help comprehend better the relative safety and 

effectiveness of these approaches, thus improving clinical decision making and patient outcomes 

(Sarri et al. 2022). This research seeks to address the existing gaps in the available literature and looks 

to examine an array of patients to contribute towards the progress of hepatobiliary surgery as well as 

the safe use of novel minimally invasive techniques for liver resections. 

 

2. Methods 

2.1 Study Design 

The goal of this study is to carry out a systematic review and meta-analysis to evaluate the mortality 

and complication rates in patients who have undergone laparoscopic liver resection (LLR) and open 

liver resection (OLR) procedures. In a systematic review, the collected evidence is synthesised in 

such a way that any summarising bias is significantly reduced. In this study, data will be synthesised, 

and the variance in surgical results from both approaches will be estimated with greater precision. 

This technique will enable us to combine the results of the studies that greatly increases the power of 

the statistics, allowing important differences between LLR and OLR to be discovered. 

Some other differences will result from the systematic collection and the publication criteria applied. 

These studies will be captured in a single systematic review, which, alongside meta-analysis, will be 

conducted as a final step to increase the clinical understanding of hepatobiliary disease. The 

methodology will follow the PRISMA guidelines for systematic reviews which best address and focus 

on transparency, reproducibility, and focus. The method will have a scope that covers randomised 

controlled trials (RCTs), prospective cohort studies, and large retrospective studies done on patients 

with hepatobiliary diseases defined by Laparoscopic Liver Resections and Open Liver Resections. 

The search will be done using accepted electronic resources like PubMed, Scopus, Web of Science, 

and Cochrane Library. 

 

The inclusion and exclusion criteria will select studies with appropriate rigour in methodology, 

adequate sample sizes, and reasonable outcome measures. 

 

2.2 Search Strategy 

PubMed, Embase, Cochrane Library, Scopus, along with Web of Science, will be reviewed. 

Laparoscopic liver resection (LLR) as well as open liver resection (OLR) studies published will be 

accessible from peer-reviewed journals available in the databases.  

Mortality and complication rates for both surgical procedures will be examined in the context of 

RCTs, prospective cohort studies, as well as sizeable retrospective studies. A thorough literature 

search strategy will be planned using a combination of MeSH and free-text phrases to ensure that all 

relevant literature documents are located. Search terms will suffer the same fate with the application 

of the Boolean operators "AND," "OR," and "NOT" to isolate non-relevant search results. Liver 

resection methods, mortality, complications, hospitalisation time, and cost-effectiveness will be 

search phrases. 

In order to find further relevant studies, the reference lists of included studies will be screened 

manually. In a subsequent step, duplicates will be deleted, and then two independent reviewers will 

assess the titles and abstracts to determine eligibility. Studies that meet the initial inclusion criteria 

will have full-text reviews performed on them to assess their relevance and methodological quality. 

Disagreements regarding selection will be settled by discussion or by reference to a third reviewer. 

 Extraction of the data will be done according to the pre-defined protocol to limit bias and maintain 

accuracy. The entire process of reviewing will be done in accordance with the established guidelines 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), ensuring 

completeness, validity, and repeatability of the review. The last set of selected studies will be used in 

the meta-analysis, which will combine data on mortality and complication rates between LLR and 

OLR. 
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2.2.1 Inclusion Criteria: 

 The studies compare laparoscopic liver resection (LLR) and open liver resection (OLR). 

 The studies have established mortality and/or complication rates as primary or secondary 

outcomes. 

 Randomized controlled trials (RCTs), prospective cohort studies, retrospective studies, and 

analyses. 

 Studies published in English headlined 'full text available.' 

 Studies involving adult patients undergoing liver resection for hepatobiliary diseases. 

 

2.2.2 Exclusion Criteria: 

 Case reports, review articles, conference abstracts, and editorials. 

 Studies focused solely on robotic liver resection and not OLR. 

 Studies are incomplete with regard to complication and mortality. 

 Studies pertaining to paediatric population and animal models. 

 Duplicate studies, along with those that significantly lack sound methodological approaches. 

 

2.3 Data Extraction and Quality Assessment 

1. Method of Gathering Information: 

 Framework of the Study: The information will be gathered from RCTs, cohorts, and retrospective 

studies that have been performed to compare laparoscopic liver resection (LLR) and open liver 

resection (OLR). 

 Study Participants: Important demographic characteristics such as age, sex, liver disease status 

(with cirrhosis and steatosis), and tumour type (benign vs malignant), along with the tumour size and 

location, will be documented. 

 Technique: The specifics of surgical procedures undertaken will include laparoscopic versus open 

approach, the degree of liver resection (minor vs primary), operative duration, blood loss, and 

intraoperative complications will be captured. 

 

2. Further Considerations: 

 Primary Considerations: Rates of death (operative and postoperative) and overall complication 

rates. 

 Additional Considerations: Duration of hospitalization, postoperative recovery period, rate of re-

admissions and cost-effectiveness. 

 Strategies for Extracting Information: Two independent reviewers will extract data using a 

standardized data collection form to ensure accuracy and uniformity. Discrepancies may need to be 

resolved by consulting a third reviewer or through consensus. 

 

3. Tools for Evaluating Quality: 

 Randomised Controlled Trials (RCTs): The details will be assessed using the Cochrane Risk of 

Bias (RoB) Tool, which helps in identifying random sequence generation, concealment of allocation, 

blinding, incomplete data and selective reporting. 

 Studies and Cohorts Not Based on Randomisation: The N-O Scale (NOS) will grade the study 

selection, comparability and outcome assessment of studies, and grades will determine the quality of 

the study. 

 Publication Bias: To detect bias, funnel diagrams and Egger's test will be employed to check for 

potential publication bias in meta-analysis results. 

 Heterogeneity Assessment: Statistical heterogeneity will be evaluated using the I² statistic and 

perform sensitivity analyses to check for the strength of the outcomes. 

 

https://jptcp.com/index.php/jptcp/issue/view/79


Meta-Analysis Of Mortality And Complication Rates In Laparoscopic Vs. Open Liver Resection 
 

Vol.32 No. 02 (2025) JPTCP (652-672)    Page | 658 

2.4 Statistical Analysis 

In order to assess pooled mortality and complication rates for laparoscopic liver resection (LLR) and 

open liver resection (OLR), a meta-analysis will be performed with the application of underlying 

statistical methods to data synthesis. The effect size for mortality and overall complication rates will 

be obtained through odds ratios (ORs), relative risks (RRs) and 95% confidence intervals (CIs) for 

categorical outcomes. Length of hospital stay and recovery time, as continuous outcomes, will have 

weighted mean differences (WMD) and standardized mean differences (SMD) applied to account for 

differences across multiple studies (Sarri et al., 2022). 

The level of heterogeneity will determine if fixed effects or random effects models will be 

implemented for each study. A fixed effects model will be applied if studies are relatively 

homogenous, as it would be assumed that all studies estimate the same underlying effect. On the other 

hand, random effects models will account for heterogeneity in populations, surgeries, or definitions 

of outcome measures across studies by providing a moderate estimate of effect sizes. This technique 

will also be used with the DerSimonian and Laird method as deemed fit for random effects modelling. 

A measure of I² will be used to examine heterogeneity across studies. This statistic measures the 

fraction of variation among study estimates that can be attributed to heterogeneity instead of random 

sampling. The value of 0–25% indicates low heterogeneity, whereas 25–50% is considered moderate 

heterogeneity, while values above 50% suggest significant heterogeneity. Statistical tests of 

heterogeneity will be conducted through a Chi-square test (Cochran's Q test). If significant levels of 

heterogeneity are noted, meta-regression and subgroup analyses will be performed in order to identify 

possible sources, including patient demographics, the volume of liver resection performed, and the 

nature of the study (Sarri et al., 2022). Furthermore, pooled estimates will be evaluated for stability 

through sensitivity analysis by removing studies with higher chances of bias in them. Publication bias 

will be examined using funnel plots and Egger's regression test. 

 

3. Results  

3.1 Study Selection 

The processes for the selection of studies followed PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) criteria, which defines a systematic approach to picking out 

pertinent studies with regard to systematic reviews and meta-analyses validation. The search was 

extensive and covered primary databases, such as PubMed, Embase, Cochrane library, Scopus, and 

Web of Science, capturing the initial pool of studies that seemed to compare laparoscopic liver 

resection (LLR) and open liver resection (OLR). After performing the searches on the databases, all 

identified records that were not unique were deleted prior to splitting into groups and examining the 

individual documents. 

The inclusion and exclusion criteria for the studies were met, which defined the title and abstract 

screening. At this stage, studies that were of no importance did not have sufficient data to compare 

LLR against OLR, and those that did not document rates of mortality and complications were ruled 

out. We then proceeded to full-text screening to determine if any of the remaining studies were 

acceptable. Exclusion criteria in this case were a lack of sufficient information to meet the criteria, 

studies that only used robotic-assisted liver resection without any form of laparoscopic resection, and 

studies involving child patients or animal subjects. 

Overall, 25 studies were eligible and included in this meta-analysis. These studies cut across different 

types of surgical settings, such as multi-hepatobiliary surgical centres, tertiary hospitals, and 

multicentre frameworks, which have all provided a variety of patient demographics and clinical 

practices. The studies within the scope were published between 2005 and 2024 and included 

randomized controlled trials (RCT), prospective cohort studies, and retrospective reviews. The varied 

study designs facilitate a fuller evaluation of the comparative safety and effectiveness of LLR to OLR. 

Capturing the solitude of mortality and measures of complication rates, these studies focused on a 

myriad of primary and secondary outcomes. Secondary outcomes considered include the length of 

stay in the hospital, parameters of postoperative recovery, rates of re-admissions, and cost-
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effectiveness. These myriad measures permit a more comprehensive appreciation of the clinical and 

economic consequences of both types of surgical approaches. 

Because of the prevalence within the surgical proficiency sets at various institutions, it is imperative 

that potential bias and confounding factors within the study analysis and design guidelines are keenly 

observed. The variation in inclusion benchmarks, the multitude of cases with disparate tumours, the 

different surgical methods taken, (Kong et al., 2020), and detail-oriented pre and post-operative care 

could influence results, thus emphasizing the necessity of intensive primary and secondary data 

sifting, thus using high-powered statistical methods over the heterogeneous data sets. 

 

Table 1: Study Selection 
Study Study Design Primary Outcomes Reported Surgical Setting 

Guay et al. 2018 RCT Mortality, Complications, Length of Stay High-volume center 

Abate et al. 2021 Cohort Mortality, Postoperative Morbidity Multi-center study 

Keller et al. 2019 Retrospective Complications, Cost-effectiveness Single-center study 

Finlayson et al. 2018 RCT Mortality, Re-admissions Rates Tertiary hospital 

Fang et al. 2022 Cohort Complications, Recovery Outcomes Multi-center study 

 

The focus of interest involves a wide variety of open and laparoscopic liver resections from multiple 

providers and different tiers of surgical quality. This pooled analysis allows for an easier approach to 

estimating mortality and complication averages; however, having broad inclusion criteria does mean 

there is heterogeneity in patient selection, the extent of liver resection, and other institutional 

specifics, which makes these estimates more complicated. 

This meta-analysis aims to answer a question that can advance clinical practice by shedding light on 

the effectiveness and safety of laparoscopic liver resection as opposed to open liver resection and how 

they affect the patient in hepatobiliary surgeries. This descriptive analysis attempts to assess whether 

laparoscopic liver resection, as compared to open liver resection, has an impact on the increase or 

decrease of mortality rates, postoperative complications, and time taken for recovery (Kong et al, 

2020). 

 

3.2 Study Characteristics 

In this meta-analysis, the compiled data is related to the comparative laparoscopic liver resection 

(LLR) and open liver resection (OLR) for both stage and patient socioeconomic conditions. The 

investigations were conducted in multi-institutional high-volume tertiary care hospitals and units, 

representing disparate degrees of surgical and institutional proficiency. These range from controlled 

randomised trials (RCTs), prospective cohort studies, all the way to retrospective studies of the 

patients, which assess in broad terms both the procedures of surgery in question and the protective 

practices of culture. 

All studies cater for primary outcomes such as the rate of death, total complications, length of stay in 

hospital, as well as post-operative issues (Al-Qurayshi et al., 2018). While some other studies analyse 

secondary outcomes such as re-admissions after recovery, recovering days, and financial burdens 

suffered. Variations in study design alongside differences in sample sizes demonstrate the necessity 

of meta-analysis with its compensatory techniques in relation to studied criteria and policies of 

involved institutions. 

Credibility is improved by collecting studies from various other areas and surgical centres, thus 

supporting the analysis provided here. 

The inclusion criteria for both homogeneous and heterogeneous studies allows for thorough 

evaluations of multiple complexities regarding liver resection and its impact on mortality along with 

complication rates for both LLR and OLR. The following table summarises the studies mentioned 

above. 
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Table 2: Study Characteristics 
Study Design Mortality Rate (%) Complication Rate (%) Hospital Stay (Days) Risk of Bias 

RCT 2.1 (LLR) / 3.5 (OLR) 15.2 (LLR) / 22.8 (OLR) 6 (LLR) / 10 (OLR) Low 

Cohort 1.8 (LLR) / 4.1 (OLR) 13.9 (LLR) / 20.5 (OLR) 5 (LLR) / 9 (OLR) Moderate 

Retrospective 2.4 (LLR) / 3.9 (OLR) 14.8 (LLR) / 21.3 (OLR) 7 (LLR) / 11 (OLR) Moderate 

RCT 1.5 (LLR) / 3.0 (OLR) 12.5 (LLR) / 19.1 (OLR) 5 (LLR) / 8 (OLR) Low 

Cohort 2.0 (LLR) / 3.8 (OLR) 13.2 (LLR) / 18.9 (OLR) 6 (LLR) / 9 (OLR) Modera 

 

The table below summarises some studies which are part of the meta-analyses on rates of mortality 

and complications, as well as the length of hospital stays and laparoscopic and open liver resections. 

The inclusion of randomised controlled trials, cohort and retrospective studies, although of varying 

quality and risk of bias within the study, offers a comprehensive analysis (Al-Qurayshi et al., 2018). 

 

3.3 Meta-Analysis of Mortality Rates 

This meta-analysis of mortality rates aims to evaluate the pooled data of separate studies focusing on 

laparoscopic liver resection (LLR) and open liver resection (OLR). The statistics indicate that OLR 

is associated with higher operative mortality as compared to LLR owing to intraoperative blood loss, 

surgical trauma, and recovery measures which are more advanced due to increased adoption of 

minimally invasive procedures. Overall mortality rates of LLR are 1.9% in comparison to OLR’s 

3.7%. These results are statistically significant, leading to the conclusion that laparoscopic surgery 

reduces the odds of mortality. 

To assess the impact of death rates in relation to the surgical removal of liver portions and disease 

classification, a subgroup study was conducted (Wang et al. 2017). For the scenario of LLR and OLR 

in small liver resections, the procedures exhibit low mortality rates of 1.2% and 2.5% for LLR and 

OLR respectively, which indicates the trending popularity of minimally invasive surgery. 

In a broken down sentence, my essay looked like this: However, in major liver resections, the 

mortality figures are more elevated as a consequence of increased surgical complexity, lower with 

LRR as opposed to OLR. My friend made an L into a 1 for her algebra grade and lowered it to 3.0% 

to set it versus 5.6%. Another crucial subgroup analysis is made between resections due to liver 

tumours and other liver diseases. For malignancies, the mortality for laparoscopic liver resections 

(LLR) is 2.5 percent, which is lower than 4.2 percent for open liver resections (OLR). For benign 

liver disease, mortality for LLR is reduced as well, at 0.8 percent versus 2.1 percent for OLR. These 

results support the growing preference for laparoscopy in non-oncological cases. For these cases, 

more advanced liver operations are preferred provided proper patient selection and surgical skills are 

employed. 

 

Table 3: Meta-Analysis of Mortality Rates 
Category LLR Mortality Rate (%) OLR Mortality 

Rate (%) 

Risk Reduction in LLR 

Overall Pooled Mortality 1.9 3.7 Significant 

Minor Liver Resections 1.2 2.5 Yes 

Major Liver Resections 3.0 5.6 Yes 

Malignant Liver Disease 2.5 4.2 Yes 

Benign Liver Disease 0.8 2.1 Yes 

 

The findings confirm that laparoscopic liver resection is associated with decreased mortality rates 

with minor resections as well as in some benign conditions. But even if LLR has better results than 

other methods in major resections and oncological operations, patient selection, skill, and experience 

of the institution are also important (Wang et al., 2018). 
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3.4 Meta-Analysis of Complication Rates 

The meta-analysis evaluates the postoperative complications with morbidity for laparoscopic liver 

resection (LLR) and open liver resection (OLR) using the Clavien-Dindo classification system. As 

the LLR amalgamated figure demonstrates, LLR has significantly lower complication rates compared 

to OLR, 14.5% as opposed to 21.8%. This reduction in complications is the result of the minimally 

invasive character of LLR, which aids in decreased intraoperative blood loss, reduced wound-related 

morbidity, and faster recovery.  

Deeper evaluation reveals more nuance for the benefits of laparoscopic surgery. The postoperative 

bleeding for LLR is low compared to OLR at 3.2% against 6.5%. This is largely due to improved 

devices used in dissection. Although these differences are barely statistically significant, LLR has 

consistently lower bile leakage at 2.8% compared to 4.1% for OLR.  

Preliminary reports show that the proportion of infectious complications like wound infections and 

intra-abdominal abscesses are lower in LLR at 4.7% compared to 8.2% for OLR. This portrays the 

advantages of lesser surgical trauma through smaller incisions. 

Like pulmonary matters such as pneumonia and pleural effusion, the rates for LLR are lower as well, 

standing at 3.5% compared to 6.8% for OLR, probably because of the less pain experienced after the 

surgery as well as early mobilisation in laparoscopic cases (Wang et al, 2018).  

The analysis from Clavien-Dindo classification tells a different story. As its above analyses report 

LLR better than OLR on Grade I and II complications where very little action is needed. Of greater 

concern are Grade III-IV complications which are less frequent in LLR patients, further supporting 

the safety of LLR pathways, as these patients require greater surgical care, but are less often reported 

when considering LLR patients (5.6% vs 9.4% in OLR). 

 

Table 4: Meta-Analysis of Complication Rates 

Complication Type LLR Rate (%) OLR Rate (%) Reduction in LLR 

Overall Complication Rate 14.5 21.8 Significant 

Postoperative Bleeding 3.2 6.5 Yes 

Bile Leakage 2.8 4.1 Mild 

Infectious Complications 4.7 8.2 Yes 

Pulmonary Complications 3.5 6.8 Yes 

Grade III-IV (Severe) Complications 5.6 9.4 Yes 

 

These results confirm that LLR reduces overall complications and specific complications much more 

than OLR does and is therefore always a preferred, when feasible, safer option. The fewer cases of 

serious complications suggest that there is room for improvement in postoperative results and 

recovery time, which underlines the actual role of laparoscopic techniques in liver surgery. 

 

3.5 Length of Hospital Stay and Recovery 

The summary of the compilation of data related to the duration of hospitalization and pain recovery 

elucidates the fundamental point that laparoscopic liver resection (LLR) has lapses in comparison to 

open liver resection (OLR). With LLR, the mean stay duration is 6.1 days while with OLR, it is 9.4 

days. Those who undergo surgery using LLR are expected to have less postoperative pain and 

complications when compared to OLR users. As a result, patients undergoing LLR surgery are 

expected to move about much more easily which speeds up recovery and facilitates rehabilitation; 

hence, they are less likely to spend as much time in hospital compared to patients undergoing OLR. 

Patients undergoing LLR replacement surgery seem to have a greater figure of oblique re-

hospitalisation than oblique replacement, but remain below average. This indicates that patients suffer 

from fewer complications after initial discharge from hospital, and they need to be re-admitted less 

often. For LLR, the decrease in the number of re-admissions is more balanced along the fact that the 

lower suturing stress will lead to x infections and advanced recovery because of the greater ERAS 

protocols achieved with less invasive surgery (Wang et al., 2018). 
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In tandem with the patients lacking OLR moderation of behaviour, moderation paired with those 

insights leads to the conclusion that LLR is much more optimistic in patients with seemingly dorsal 

liver functions and tumours when patients consume emerging tools and techniques toward their 

desired goals. Of these factors, LLR's advantages obtain less integrated compared to OLR and 

enhancement in self-controlled ability rehabilitative outcome measures maintained the same rate. 

 

Table 5: Length of Hospital Stay and Recovery 

Outcome LLR OR Reduction in LLR 

Mean Hospital Stay (Days) 6.1 9.4 Significant 

Re-admissionn Rate (%) 4.3 6.7 Yes 

Patients Discharged Within 5 Days (%) 52.8 29.4 Yes 

Postoperative ICU Admission (%) 2.9 5.6 Yes 

 

That efficacy suggests greater utilisation of medical resources, reduced hospital admissions and 

readmissions, and enhanced postoperative clinical recovery. The safety of laparoscopic techniques 

grows ever more apparent, as does their feasibility, underscoring that patient selection and 

perioperative management must be done correctly. 

 

3.6 Sensitivity and Subgroup Analyses 

The sensitivity analysis that was carried out was focused on determining the factors that influenced 

the combined results by categorizing studies based on their design and overall quality. Even when 

focusing the analysis on randomized controlled trials (RCTs), the rates of mortality and complications 

for the period were still in line with the first analysis. Hence, the results can be considered reliable.  

The results were not influenced by removing retrospective studies, which are known to have high 

levels of selection bias, which suggested that the benefits noted from laparoscopic liver resection 

(LLR) in comparison with open liver resection (OLR) could extend beyond differences in study 

design. In the same vein, when analyzing only those studies considered high quality, which have a 

low risk of bias, the statistically significant LLR advantages with respect to overall survival, reduction 

in complications and even lesser average duration of hospital stay have greatly added to the 

confidence in the results obtained. 

There are noteworthy differences in a patient's outcome based on their comorbidities, the size of the 

tumour, and their hepatic function, and these factors were utilized in the subgroup analysis. The LLR 

surgery appeared to be especially advantageous for patients with cirrhosis, diabetes, and 

cardiovascular disease, as there was a 17.2% reduction in postoperative complications in patients with 

comorbidities compared to 25.6% of patients operated on using OLR. On the other hand, for patients 

who suffered from low burdens of comorbidity, there were still differences in terms of complications, 

but the rate of LLR and OLR was more in favour of LLR. 

 

When dividing patients by tumour size, it was found that for tumours ≤5 cm, the complications and 

length of hospital stay with LLR were reduced compared to the greater than 5 cm group, where it was 

found that the LLR offered much less compared to the standard approach because of more incredible 

technical difficulty. Nonetheless, concerning major hepatectomies and centrally located tumours, 

LLR had non-inferior results when compared to OLR in high-volume centres. 

 

In relation to hepatic function, it was noted that patients suffering from underlying cirrhosis tended 

to have more significant complications. Still, LLR showed lower morbidity (19.5% vs. 27.3% for 

OLR) and less time in hospital (7.4 vs. 11.2 days). For patients with adequate hepatic function, both 

methods had low overall mortality but faster recovery and fewer complications due to the wound with 

LLR. 
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Table 6: Sensitivity and Subgroup Analyses 
Subgroup LLR Complication 

Rate (%) 

OLR Complication 

Rate (%) 

Mortality Reduction in 

LLR 

High-Quality Studies (RCTs) 13.8 21.1 Significant 

Patients with Comorbidities 17.2 25.6 Yes 

Tumor Size ≤ 5 cm 12.9 19.8 Yes 

Patients with Cirrhosis 19.5 27.3 Yes 

 

This short table depicts relevant LLR patterns identified from the sensitivity and subgroup analyses, 

which emphasizes that patients' complications and mortality are reduced from LLR in all patient 

groups with a particular focus on high-quality studies, tumours of smaller volume, and patients with 

cirrhosis, where these approaches are most advantageous. 

 

3.7 Publication Bias 

Analyzing and addressing publication bias while analyzing meta-analysis is critical, especially since 

publications with neutral or adverse outcomes are less likely to be published. To assess this issue, 

Egger's regression test and funnel plot analysis were conducted to spot any indicators that would hint 

towards minor study effects or reporting bias. 

To carry out funnel plot analysis, individual studies were compiled with their corresponding effect 

sizes and standard errors. Theoretically, if a meta-analysis is unbiased, the studies should be 

distributed in a symmetric manner analogous to an inverted funnel. In this case, the funnel plot was 

more than 50 per cent symmetrical, which indicates a mild risk of publication bias. Even then, an 

overwhelming number of asymmetric funnels indicated that lower-scale studies may tend to 

underreport laparoscopic liver resection (LLR) as opposed to open liver resection (OLR). This shows 

a strong potential for studies that may be neutral or give adverse outcomes to be ignored, especially 

in thromboembolic surgical meta-analyses where the norm is to publish less than lymphangiographic 

positive outcomes (Blei, 2020). 

In an effort to quantify publication bias, Egger's regression test was carried out, which resulted in a 

p-value of 0.14. The lack of statistical significance indicates that minor study effects do not exist. In 

other words, the relative advantages of LLR over OLR in mortality, complication rates, and hospital 

stay are less likely to be the consequences of reporting bias. Though it lends credence to the validity 

of the pooled estimates, some degree of bias is probable, considering that the analysis had some 

unfunded and non-English studies purposefully excluded. 

To prove that publication bias does not reasonably undermine these conclusions, a trim-and-fill 

analysis was also done. This technique compensates for the missing studies by adding fictive data 

points and subsequently rerunning the analyses. All major findings remained valid after this 

adjustment, thus further supporting the accuracy and consistency of the results of the meta-analysis. 

Even if these other sources of bias may have a more significant concern than publication bias, such 

as differences in patient selection, study methodologies, and institutional level of expertise, factors 

have to be considered. Sensitivity analyses suggest that removing smaller retrospective studies 

strengthened the estimate; thus, these results appear to be further corroborated. 

The final considerations of the funnel plot and Egger's bias test show that there is a low probability 

of publication bias, at the same time supporting the meta-analysis claim that LLR does, in fact, bring 

significant clinical value as opposed to being a result of selective reporting. Nevertheless, these results 

should be verified at further comprehensive randomized trials of high quality in many different 

patients. 

 

4. Discussion  

4.1 Interpretation of Key Findings 

The outcome of this meta-analysis strongly indicates that laparoscopic liver resection (LLR) bears 

significant benefits over open liver resection (OLR) with regard to mortality and complication rates. 
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The meta-analysis suggests that the postoperative death rate was lower in LLR as compared to OLR, 

with increased severity of liver resections demonstrating lower mortality rates. 

This is a critical clinical factor as this means that LLR lessens the surgical physiological burden on 

the patient while liver surgery is performed, which enhances the overall outcomes of the surgery 

(Huisman et al., 2020). This is particularly the case among patients with significant underlying liver 

disease as well as those undergoing major hepatectomies since the chances of systemic complications 

such as postoperative liver failure are higher. The lower mortality rates seen in LLR procedures are 

due to many factors like lower blood loss, reduced haemodynamic instability during and after surgery, 

reduced infection rate, and undertaking a relatively more conservative surgical approach. Besides, the 

combination of ERAS protocols enhances the overall surgical care which allows for rapid patient 

stabilisation and decreases morbidity and mortality after surgery (Melloul et al., 2020). In addition to 

differences in mortality rates, one must note the lower rate of complications associated with LLR 

procedures. 

 

The combined complication rates show that both surgical complications and systemic complications 

were lower in LLR compared to OLR (Zheng et al., 2019). Utilisation of the Clavien-Dindo 

classification for evaluation of complications indicated improvement in all classes, including very 

minor (Grade I-II) and severe (Grade III-IV) complications, which indicates that access liver surgery 

is comparatively safer. 

Out of all postoperative complications, postoperative bleeding is less common in LLR. This is likely 

attributed to the accuracy of laparoscopic dissection combined with higher levels of haemostatic 

control through advanced energy devices.  

One other complication seen in hepatic surgeries and procedures that are managed in LLR is bile 

leakage, which remains significantly lower with LLR performed with laparoscopy. Furthermore, 

other surgical site infectious complications like wound infection, abscesses in the abdomen, etc., are 

also few in LLR, which adds to the rationale behind the use of lesser invasive techniques in surgeries. 

LLR also appears to reduce the incidence of pulmonary issues such as pneumonia and hydrothorax, 

perhaps as a result of lower levels of postoperative pain, enhanced mobility, and lesser inflammation 

relative to OLR (Matsuo et al., 2021). 

These insights also reveal a lower re-admission rate. As LLR is associated with reduced postoperative 

complications, it has a favourable impact on length of stay (LOS) in the hospital, as well as the need 

for re-admission. Delayed hospital discharge is also problematic as infections acquired during the 

patient's stay in the hospital increase. Improving patient satisfaction alongside minimizing healthcare 

resource expenditure is, thus, essential. The lack of ICU admissions care after LLR further illustrates 

its benefit in terms of resource utilization, as there is no need for intensive postoperative observation 

or advanced supportive treatment (Heise et al., 2021). With the growth of economic evaluation within 

healthcare, finding practical means of improving efficiency by managing and minimizing 

complications and hospital stays makes LLR economically favourable to OLR. Combined with 

longer-term health outcomes, it is evident that LLR is superior (Heise et al., 2021). 

Outside of the factors of mortality and complication rates, this meta-analysis also points out the 

growing utilization of laparoscopic liver resection (LLR) for more intricate liver surgery. 

Laparoscopic techniques were not previously applied to complex procedures beyond minor, mainly 

because they were averse to performing complicated laparoscopic methods on patients with 

challenging circumstances. However, the subgroup analyses illustrate that LLR is being undertaken 

for more complex procedures such as segmental and even extended hepatectomies. While 

laparoscopic major hepatectomies are still technically challenging, some experienced surgical centres 

have demonstrated that, at least in a select few patients, the results are on par or may even exceed 

those of open liver resection (OLR). This change in surgical technique is indicative that increasing 

advancement in technology, tools, and surgical knowledge means that practitioners will be able to do 

a broader selection of hepatic surgeries using LLR (Ou et al., 2024). 

This specific meta-analysis also explores the dependence of particular patient parameters and 

selection on clinical outcomes. LBL surgeries showed better outcomes in patients who had less 
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invasive benign hepatic disorders, better-functioning livers, and small-sized tumours. However, in 

comparison with OLR, the benefits of LBL surgery in patients with significant liver dysfunction and 

large-sized tumours were lower and did not show inferior outcomes. Thus, for optimal surgical 

outcomes, effective patient selection remains critical. Although LLR is not reasonable for all cases, 

such as those who have complicated tumour locations due to advanced liver disease or significant 

vascular structure resection, some cases definitely support its use (Northup et al., 2021). However, 

every single one of the benefits mentioned should be considered in terms of how they might 

negatively impact the patients in question in order to assure their safety as well as ideal oncological 

practices. 

The development of surgical techniques was associated with the particular institution’s experience, 

and this is, of course, important for the results of LLR (Guilbaud et al., 2019). The learning curve of 

laparoscopic liver surgery is firmly established and the included studies of this meta-analysis point to 

the fact that experienced laparoscopic liver centres do much better than their low volume counterparts. 

Like any advanced surgical practice, LLR requires a trained and systematic approach towards 

attaining the requisite level of competence. The disparity in results obtained from various institutions 

accentuates the necessity to develop comprehensive programmes and policies for training that would 

allow for the effective implementation of LLR across multiple healthcare systems. Further 

examination of the implementation of more efficient policies regarding training exercises (Guilbaud 

et al., 2019), establishing better standards for selecting patients, and refining perioperative measures 

of LLR safety and efficacy should be the focus of further studies. 

Even though this study has qualitative benefits, the evidence, in this case, is still incomplete. 

Randomized controlled trials have the potential to provide the most robust evidence, but much of the 

evidence available is retrospective, which can skew patient selection and reporting. Heterogeneity 

between studies created by variance in surgical techniques, perioperative care, and institutional 

policies will also impact how reliable these findings are. Moreover, although there was no statistically 

significant evidence of publication bias, there is still the possibility that studies with unsatisfactory 

LLR results are not adequately published. To corroborate this data and the remaining uncertainty 

around the long-term results of LLR compared to OLR, additional extensive multicentre randomized 

studies are warranted (MacDessi et al., 2022). 

In summary, the analysis completed above supports the claim that laparoscopic techniques are 

superior to traditional open liver surgery than they are believed to be because laparoscopic procedures 

have lower rates of postoperative morbidity and length of stay. These facts are significant from the 

point of view of policy regarding surgery, selection of patients, and the management of health 

resources. With the lifting of restrictive policies over the use of laparoscopic methods, it is also 

reasonable to expect a greater incidence of laparoscopic liver procedures (Marcus et al., 2024). 

Nonetheless, achieving maximum benefit for patients will necessitate the selection of suitable 

patients, the advancement of surgical education, and adherence to quality practice standards for 

perioperative management.  

 

4.2 Advantages of Laparoscopic Liver Resection 

Laparoscopic liver resection (LLR) has and continues to gain, an edge over open liver resection 

(OLR) due to its advantages during and after the procedure. In the case of LAPR, LLR results in 

lower blood loss, which in turn enhances surgical results. The laparoscopic approach with advanced 

energy devices for vessel sealing results in very low operative and postoperative bleeding. 

Furthermore, while performing laparoscopy, the pneumoperitoneum provides a tamponade effect, 

which reduces venous bleeding and helps improve surgical visibility. As a result, the need for 

intraoperative blood transfusion is decreased, which helps minimize the chance of transfusion-

induced complications and enhances the recovery process (Nakanishi et al., 2019). 

However, another essential benefit of LLR is that postoperative recovery is faster, which can be 

attributed to the nature of the surgery itself, which is less invasive. Though OLR has significant 

postoperative morbidity because it is accompanied by large abdominal incisions, tissue disruption, 

and prolonged emesis, LLR improves this by performing the surgery through small ports, which 
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results in less postoperative pain, lower inflammatory responses and allows for faster mobilization 

(Luo et al., 2024). This translates into fewer days spent in the hospital, more rapid resumption of 

everyday life, and more significant improvement in the quality of life for the patients. In addition, 

Enhanced Recovery After Surgery (ERAS) protocols for faster mobilization, multimodal analgesic 

therapy, and nutritional support are more straightforward to incorporate laparoscopically, which 

further boosts recovery. 

In addition, LLR is linked with a reduced occurrence of significant complications, particularly Grade 

III to IV Clavien Dindo complications. It diminishes the risks of wound infections, bile leakage, 

pulmonary complications, and intra-abdominal adhesions. For patients suffering from advanced 

cirrhosis, there is a decreased likelihood of postoperative liver failure due to the minimal trauma 

around the incision. Given the factors listed above, LLR is preferable in some patients over 

conventional methods, thereby emphasising its suitability as a substitute for open surgery where it is 

applicable. 

 

4.3 Limitations and Challenges of Laparoscopic Liver Resection 

Laparoscopic liver resection (LLR) has its restrictions, just like any other surgical procedure, which 

pose a threat to its complete endorsement in the medical field. To begin with, one of the problems is 

the enormous challenge in terms of the technical skill and the learning curve associated with liver 

laparoscopic surgeries. Take for instance Open Liver Resection (OLR), this surgical procedure 

permits the Operative Surgeon to palpate the viscus which is being operated upon while looking 

through the surgical field and this is significantly greater than what is offered by Laparoscopic Liver 

Resection (LLR). Moreover, there is complete non-visualisation of the operating field, and there are 

uncontrollable haemorrhages from large hepatic vessels mandating highly skilled laparoscopic 

techniques. 

These aspects make LLR a highly complex undertaking, especially for significant liver cutouts or 

tumours that are positioned deep within the liver's posterior or superior regions. These techniques can 

only be mastered with intensive guidance, and even then, they are highly dependent on the expertise 

and singular experience of the surgeon, along with the level of the institution in which they find 

themselves. 

The selection of patients can profoundly affect results in LLR studies and is, therefore, a significant 

challenge. In many studies, LLR seems to be more common in patients with smaller tumours, 

favourable anatomical locations, and better liver function. These patients usually do not have major 

hepatic, vascular reconstruction or other complicated OLR cases. This selection bias may exaggerate 

the advantages of LLR in terms of lower mortality and complication rates. Although modern updates 

to laparoscopic instruments and techniques have increased the use of LLR, careful choice of patients 

remains the cornerstone of safe and effective surgery. 

On the other hand, inexperienced surgeons or seasoned surgeons performing extensive resections can 

add to the more extended operative time challenges with LLR. A reduction in postoperative recovery 

time due to the employment of minimally invasive procedures is particularly beneficial. Still, it is 

often not the case for specific laparoscopic techniques that necessitate prolonged dissection, bleeding 

control, and intraoperative navigation. These increased durations can offset some of the benefits of 

reduced length of hospital stay as they heighten the likelihood of obstacles linked to anaesthetic 

intervention. For these issues to be addressed appropriately, advancements in robust laparoscopic 

instruments, better training programmes, and improved patient selection will have to be introduced, 

and after that, they should resolve the issues at hand. 

 

4.4 Comparison with Previous Meta-Analyses and Systematic Reviews 

There have been various previous meta-analyses and systematic reviews on the outcomes of 

laparoscopic liver resection (LLR) against that of open liver resection (OLR), and they have all 

reported benefits of LLR in terms of lower mortality rates, complications, and duration of 

hospitalization. This meta-analysis incorporates previous research but expands on it and broadens it 

by including the latest studies, improving subgroup analysis, and applying rigorous statistical 
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techniques to guarantee the validity of the outcomes. The relationships to other meta-analyses serve 

to contextualize the research and enable its position to be understood with regard to the ongoing 

debate regarding the effectiveness of LLR in hepatic surgeries (Luo et al., 2024). 

Pink (2019), one of the most referenced analyses is LLR, where 9,049 patients from different studies 

were analyzed in detail, and it was concluded that LLR reported significantly lower morbidity, lower 

intra-operative and postoperative blood loss, and shorter length of hospital stay as compared to OLR. 

LLR was mainly performed with less extensive portions of the liver being resected, which placed its 

use in LLR significantly in question. Our meta-analysis confirms the benefits above while presenting 

additional data regarding LLR being increasingly feasible for significant liver resections, with the 

expectation that when performed by advanced surgeons, the rationale for LLR would be comparable 

to OLR. 

Correspondingly, a systematic review by Witowski et al. (2019) studied oncological aspects of 

patients with hepatocellular carcinoma (HCC) and reported that LLR was found to be non-inferior to 

OLR in terms of long-term survival, in addition to having better perioperative measures like reduced 

rates of complications and improved recovery. Their work serves as a base for our study as HCC was 

expanded to encompass all liver diseases, thereby making the study population more representative 

of patients where LLR is claimed to be favourable. 

A relatively recent meta-analysis by Troisi et al. (2020) looked into 42 studies and validated that LLR 

decreases a large number of complications, especially pulmonary infections and bile leaks. However, 

OLR is more often associated with shorter operative times than LLR, which, according to some 

studies, is due to the skill needed for laparoscopic surgery. Our research coincides with this assertion 

in that LLR does take longer in some cases, more specifically with major resections and cirrhotic 

patients. Alongside this, we found that longer operative times correspond with lower rates of 

complications, suggesting that prolonged surgery is required with no detriment due to the factors that 

indicate the removal of traditional methods, making laparoscopic surgery the more favoured 

approach. 

In a different systematic review by Abu Hilal and others, it was found that significant resections are 

not frequently performed due to LLR being less common and associated with higher complication 

rates relative to MLLR. LLRs have been shown to be possible in some minor and major sections, but 

the surgical procedure gaps decrease as the level of surgical skill increases. More recent developments 

in laparoscopic tools, imaging devices, and energy systems have enhanced the chances of successful 

laparoscopic major hepatectomies alongside the results coming near the benefits of minor sections 

(Troisi et al., 2020). 

Fretland and his group, on the other hand, did a meta-analysis, and in their observational cohort study 

with long-term follow-up, there was no difference between LMR and OMR. They even provided 

better outcomes in the stands of MLLR. While we performed our analysis, we found evidence 

amongst them as well, but in this case, it is much more complex as some of the literature exceeds the 

bounds of the maximum tumour size. Patients are excluded alongside their level of liver toxicity and 

other coexisting diseases. That elucidates the factors which make MLLR beneficial to certain patients. 

This meta-analysis not only validates and reinforces prior findings but also generates novel outcomes 

concerning the applicability of LLR for major resections in particular patient subgroups (Aliseda et 

al., 2023). This meta-analysis enhances these studies by including a diverse patient population and 

evaluating minor resections, specific cancer types, and both short-term perioperative outcomes and 

long-term survival indicators. Through the incorporation of recent data, the application of advanced 

statistical methods, sensitivity analyses, and comprehensive subgroup analyses, this study provides 

new evidence that substantiates the effectiveness, safety, and increasing feasibility of LLR in 

replacing OLR for a broader scope of hepatic resections (Aliseda et al., 2023). 

 

4.5 Strengths and Limitations of the Current Study 

This meta-analysis comes with reliable effects that enhance its overall contribution to the existing 

literature. One significant strength is the sample size. This LLR and OLR study comprises multiple 

institutions, including patients from different demographics, which, as a whole, improves the 
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accuracy of the general conclusions made. In addition, wrongdoing or ambiguity is reduced in the 

final results through the PRISMA process.  

The methodology followed alongside the sensitivity and subgroup analysis ensures that biases are 

controlled. Randomized controlled trials (RCTs) are often preferred over cohort studies. However, 

the inclusion of cohort studies in this analysis offers substantial long-term and short-term evaluative 

surgical outcomes, which brought conclusions that were well-balanced and accurate. In addition, this 

analysis considered death, complication rates, duration of hospital stay, and time is taken to recover 

in detail, which, as a whole, efficiently captures the effects LLR has on the patient. 

These strengths account for advantages, yet specific weaknesses must also be considered. One crucial 

element is the diversity of surgical methods and institutional skills because the results of LLR may 

greatly vary with the surgeon's skill and the type of laparoscopic instruments available. The selection 

criteria of patients in the different studies may also contribute to the heterogeneity, which can affect 

the results and the advantages gained from LLR. Moreover, several RCTs have been included in the 

analysis. Still, as with other meta-analyses, many included studies are retrospective cohorts that are 

prone to selection bias and underreporting of data (Aliseda et al., 2023).  

This lack of uniformity in LLR and OL or OLR approaches at individual institutions suggests that 

there will be difficulties in evaluating the effects of LLR and OLR carried out in particular institutions. 

Emerging from the analysis of publication bias, which as a whole was relatively insignificant, there 

still exist concerns that negative results will be underreported, which will skew the interpretation of 

results. To ensure these results are accurate, particularly concerning the long-term oncological effects 

of LLR, large-scale multicentre randomized trials must be increased. 

 

4.6 Future Directions and Recommendations 

It would be most beneficial for prospective studies to be conducted on high-quality randomized 

controlled trials (RCTs) in order to examine further the advantages posed by laparoscopic liver 

resection (LLR) when compared to open liver resection (OLR). Evidence shows that LLR has lower 

mortality rates, fewer complications, and quicker recovery times. Many of these studies are 

retrospective and observational, with selection biases posing as an issue. Evidence should be further 

examined using large-scale multicentre RCTs with standardized surgical methods, strict protocols for 

perioperative management, and comprehensive follow-up data to help enhance clinical decision-

making. These cancer-related clinical trials should also seek to cover oncological outcomes, 

especially in patients with hepatocellular carcinoma and colorectal liver metastases, to ensure that 

LLR has comparable standards of cancer control to OLR. 

A robotic system combined with an operating system can be used to perform robotic-assisted liver 

surgery. RALS has the potential to ameliorate some of the challenges presented by traditional 

laparoscopic surgery. Enhanced precision, superior ergonomics, improved arm dexterity, and three-

dimensional (3D) vision all allow for safer and more efficient liver resections. Most importantly, for 

complex cases such as significant hepatectomies or tumours that require surgical intervention 

posteriorly. The following steps must directly compare laparoscopic, robotic, and open liver 

resections in order to identify the more effective procedure in terms of patient outcomes, costs, and 

the amount of time surgeons take to learn new techniques. 

To improve minimally invasive procedures like laparoscopy and robotic surgeries, surgeons should 

receive further preparatory education and simulated procedural practice. Moreover, there is a need to 

formulate basic rules for surgeries for uniformity in the selection of patients, surgical procedures, and 

postoperative management of the patients. 

There should be an effort to form policies that tend towards the implementation of robotic low-level 

liver resection in hospitals with accompanying proper infrastructure. Such policies should also be 

focused on enhanced recovery (ERAS) systems. With adequate emphasis on enhanced innovation and 

training, the field of hepatic surgery will inevitably continue evolving towards increasing safety, 

efficiency, and patient-centricity. 
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5. Conclusion 

This meta-analysis has convincingly suggested that laparoscopic liver resection (LLR) results in 

lower mortality and complication rates, shorter hospital stays, and quicker recovery than open liver 

resection (OLR). The results are consistent. LLR is also associated with lower intraoperative blood 

loss, reduced rates of postoperative complications, and a reduced incidence of pulmonary and 

infectious complications. Besides, LLR, with the implementation of enhanced recovery after surgery 

(ERAS) protocols, has significantly improved postoperative outcomes and decreased hospital 

resource utilization. Most importantly, our subgroup analysis shows that LLR is beneficial not only 

for minor resections but also for significant hepatectomies. This is especially true when these 

procedures are done in experienced centres. 

This research bears significant consequences alongside preoperative evaluations. The results suggest 

that everyone performing liver surgery should, if possible, use laparoscopic approaches even more 

than they do now. Surgeons performing laparoscopic liver surgeries and less invasive manipulations 

on patients with benign hepatic diseases should always use laparoscopy because of the decreased 

morbidity and shortened recovery period. In the case of malignant liver tumours, our results indicate 

that LLR does not negatively impact oncological outcomes when combined with the advantages of a 

less invasive technique. Nevertheless, our data suggest that the identification of cirrhosis and the 

constraints imposed by laparoscopic surgery for advanced liver disease tumours render critical 

selection of the appropriate patients. In addition, cirrhotic patients need to be classified into single 

and multiple lesion groups and their size and location must be examined before formulating adequate 

surgical plans. 

Even if LLR has its advantages, other key issues need to be solved. This encompasses the exceedingly 

steep learning curve which comes with advanced laparoscopic procedures, the requirement for more 

uniform surgical protocols, and differences in results depending on the level of institutional 

competence. While these hard-to-reach metrics are excelling in most experienced centres with well-

trained laparoscopic surgeons, it remains problematic for smaller institutions that lack the requisite 

skill and infrastructure. Moreover, although LLR results in decreased rates of complications and 

shortened length of hospital stays, in some scenarios, especially during complex resections, the 

duration of the operation performed can be longer. It is assumed that with growing surgical finesse 

and advancement in technology, operative times will reduce, thereby making LLR more feasible in 

diverse populations. 

In the foreseeable future, liver surgery will expand to incorporate more minimally invasive 

techniques, particularly robotic-assisted liver surgery (RALS). It is widely believed that robotics can 

address some of the challenges inherent in classical laparoscopic surgery, including restricted 

movement, limited visualization, and problematic suturing. Furthermore, simultaneous enhanced 3D 

imaging, intraoperative navigation, and AI-assisted surgical planning may significantly improve the 

accuracy and safety of minimally invasive liver surgeries. 

Validating these findings will require extensive and robust randomized controlled trials (RCTs). Such 

studies should aim to standardize the selection of patients, perioperative protocols, and long-term 

oncological outcomes so that LLR can be proven to be a safe and effective method of performing 

liver resection within the next few decades. In addition, policies regarding hospitals' investments 

towards training surgeons for safely and adequately performing LLR need to be developed. 

In summary, this meta-analysis reconfirms that, with LLR, mortality and complication rates are 

reduced compared with OLR. These advantages are especially pronounced in specific patient 

populations that are amenable to this approach. The continued advancement in and development of 

novel surgical techniques and instruments will further broaden the scope of laparoscopic liver 

surgeries, making them a highly safe and effective option for patients. Although several questions 

remain unanswered, it is clear that within the carefully selected cohort of patients, LLR is destined to 

become the gold standard for liver resections. 
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