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Introduction

This study comprehensively compared laparoscopic liver resection (LLR) to open liver resection (OLR) in treating colorectal cancer liver metastasis (CRLM).





Methods

A systematic review of relevant literature was conducted to assess a range of crucial surgical and oncological outcomes.





Results

Findings indicate that minimally invasive surgery (MIS) did not significantly prolong the duration of surgery compared to open liver resection and notably demonstrated lower blood transfusion rates and reduced intraoperative blood loss. While some studies favored MIS for its lower complication rates, others did not establish a statistically significant difference. One study identified a lower post-operative mortality rate in the MIS group. Furthermore, MIS consistently correlated with shorter hospital stays, indicative of expedited post-operative recovery. Concerning oncological outcomes, while certain meta-analyses reported a lower rate of cancer recurrence in the MIS group, others found no significant disparity. Overall survival and disease-free survival remained comparable between the MIS and open liver resection groups.





Conclusion

The analysis emphasizes the potential advantages of LLR in terms of surgical outcomes and aligns with existing literature findings in this field.
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Introduction

Colorectal cancer’s tendency to spread to the liver poses a substantial treatment challenge (1). Traditional open surgical approaches, while effective, entail considerable morbidity and protracted recovery periods. The foundation of minimally invasive resection lies in applying laparoscopic and robotic-assisted techniques. Laparoscopy, introduced in the 1980s, revolutionized surgery by enabling internal organ visualization and manipulation through small incisions. This technique mitigates tissue trauma, reducing pain and quicker postoperative recovery (2). Robotic-assisted surgery further enhances precision and dexterity through robotic arms operated by surgeons (3). Recent research underscores the efficacy and safety of minimally invasive liver resections for CRLM, demonstrating comparable oncological outcomes to traditional open surgeries, reduced blood loss, diminished post-operative complication rates, and shorter hospital stays (4, 5). The less invasive nature of these procedures augments patient satisfaction and cosmesis, thus improving overall quality of life during the recovery phase.

Nonetheless, refining patient selection criteria and optimizing techniques for complex cases remain ongoing challenges. Advancements in imaging technologies, intraoperative navigation systems, and instrumentation continually shape the minimally invasive liver surgery landscape. Ongoing research endeavors are dedicated to unraveling long-term oncological outcomes and refining the technical facets of these procedures. This umbrella review explores the safety and efficacy of laparoscopic liver resection (LLR) in contrast to open liver resection (OLR) for the treatment of colorectal liver metastases (CRLM).




Historical development

The transformative period in hepatic surgery during the early 1990s witnessed the emergence of laparoscopic liver resection (LLR). Pioneering efforts by Reich et al. (6), Katkhouda et al. (7), and Gagner et al. (8) in 1991 and 1992 inaugurated this revolutionary approach, heralding a new era in surgical techniques. Building upon this foundation, subsequent years saw substantial advancements, including the groundbreaking left lateral sectionectomy (LLS) in 1996 and the progressive evolution toward hepatectomy by 1998 (9, 10). These sequential developments underscored the swift progression of LLR methodologies, adapting to the ever-evolving landscape of surgical innovation.

The expansion of LLR procedures mirrored the historical evolution observed in open liver resections (OLR). In 2009 Nguyen et al. published the first international multicenter study supporting the idea that laparoscopic liver resection for colorectal cancer metastasis was safe, feasible, and comparable in terms of oncologic outcomes to open liver resection. The significance of LLR was underscored by two pivotal international consensus conferences held in 2008 in Louisville and 2014 in Morioka (11, 12). The first one focused on the viability of LLR, and the second conference centered around contrasting laparoscopic approaches with the then-standard open resection procedure, highlighting the evident relevance of a laparoscopic approach in the contemporary landscape of liver surgery. A third international conference took place in Seoul, Korea, in 2016. During this event, a panel of experts concentrated their efforts on formulating a statement concerning laparoscopic living donor hepatectomy (13). In 2017 the first European guidelines meeting took place in Southampton, where the primary objective was to present and validate clinical practice guidelines concerning laparoscopic liver surgery (14).

These consensus conferences provided a platform for leading experts to convene, discuss, and deliberate upon the state of LLR, sharing insights and perspectives that shaped its trajectory. Moreover, these conferences fostered a dynamic space for exchanging knowledge and best practices, facilitating the dissemination of advancements and fostering a global dialogue on LLR’s progress. One of the critical considerations that emerged on this transformative journey was the management of LLR-specific complications. This concern was effectively addressed through meticulous procedural implementation and the systematic evaluation of outcomes. As careful application and patient assessment became routine, these efforts alleviated anxieties and validated the advantages of LLR over its conventional counterpart, OLR.






Materials and methods

In the umbrella review, a comprehensive search and analysis of various systematic reviews and meta-analyses concerning minimally invasive surgery (MIS) in liver resections for colorectal cancer (CRC) was conducted, as previously described (15). This study adhered to an already established research protocol (16). An AMSTAR 2 checklist is provided as Supplementary Material to assist in the evaluation and assessment of the systematic review presented herein (17).




Objectives and PICO process

The primary objective of this umbrella review is the assessment of postoperative mortality and overall/disease-free survival in the two analyzed groups. The secondary objectives encompass assessing parameters such as blood loss, blood transfusion, duration of surgery, complication rate, hospitalization time, surgical margins R0, and recurrence.

Utilizing the PICO criteria in framing a research question, the study aimed to investigate the following: “In patients undergoing surgical treatment for CRC liver metastasis (P), does laparoscopic surgery (I) compare to traditional open surgery (C), result in differences in postoperative mortality, overall/disease-free survival, blood loss, blood transfusion requirements, duration of surgery, complication rate, hospitalization time, surgical margins, and recurrence (O)?” (18).





Search strategy

The systematic review adhered to the guidelines outlined in the PRISMA statement for the conduct and reporting of data (19). The research encompassed an exhaustive computerized exploration of the PubMed and Cochrane Library databases. Employing an advanced search strategy, we employed terms such as “colorectal neoplasm” OR “colorectal” AND “liver metastases” AND “liver neoplasm” AND “therapeutics” OR “treatment” AND “meta-analysis” OR “systematic review”. Results were admitted from the time of inception up to and including June 7, 2023. Moreover, manual screenings of reference lists from pertinent articles were conducted, aiming to identify further relevant studies.





Inclusion and exclusion criteria

Articles were eligible for inclusion if they were systematic reviews or meta-analyses focusing on patients with CRC and liver metastasis. The selected articles were required to analyze laparoscopic liver resections versus open liver resections performed in individuals who were 18 years of age or older. We excluded all non-English language studies.





Data extraction

At least two reviewers independently gathered all data, resolving discrepancies through collaborative discussion and consensus. The diverse outcomes within different meta-analyses were independently extracted to ensure a meticulous and nuanced collection of data. Data collection encompassed the following information: authorship details, year of publication, the number of articles scrutinized, and the number of patients enrolled in each study. Additionally, the review calculated pooled outcome measures, presented values with 95% confidence intervals (95% CI), assessed statistical heterogeneity, and evaluated potential publication bias. Furthermore, a quality assessment of the included meta-analyses was conducted using the specific quality assessment tool developed by the Centre of Evidence-Based Medicine at the University of Oxford (Table 1).


Table 1 | Quality assessment of the meta-analysis.








Results

An extensive search retrieved a total of 2203 records. During the initial screening phase, 216 articles were excluded due to duplication, and 1979 were excluded for not meeting the inclusion criteria. Consequently, only eleven articles remained eligible for a thorough full-text review (Figure 1).




Figure 1 | PRISMA flow diagram.



Ultimately, our study comprised eleven included articles, all of which were meta-analyses (Table 2) (20–30). In Table 3, we present the analyzed outcomes comparing minimally invasive hepatectomy with open hepatectomy for CRLM.


Table 2 | Features of articles included.




Table 3 | Results for different outcomes in patients undergoing laparoscopic versus open liver resection for CRLM.






Blood loss

The analysis of blood loss consistently favored the minimally invasive group across all meta-analyses from non-randomized studies (20–22, 24, 26–29). In the assessment of this parameter within randomized controlled trials (RCTs), Ozair et al. (29) observed a lower estimated blood loss (EBL) in the MIS group. Although not statistically significant, this information aligns with the findings of observational studies, consistently reporting significantly reduced EBL with minimally invasive hepatectomy. This unanimity in findings underscores that laparoscopic/MIS techniques significantly reduce intraoperative blood loss, which can be crucial in minimizing the risk of complications and ensuring patient safety.





Blood transfusion

When assessing the need for blood transfusion, eight meta-analyses from non-randomized studies (20–22, 24, 26–29) reported a lower rate in the MIS group compared to the open liver resection group. The finding suggests that patients undergoing MIS are less likely to require blood transfusions, signifying a potential advantage in blood preservation. When evaluating this parameter within randomized controlled trials (RCTs), a lower, although not statistically significant, need for transfusion was reported with minimally invasive hepatectomy (29).





Duration of surgery

The analysis of duration of surgery across seven meta-analyses revealed no significant difference between the MIS group and the open liver resection group (20–22, 24, 26–28), suggesting that, in most cases, MIS does not significantly extend the duration of the procedure.





Complication rate

Seven meta-analyses of non-RCTs (20–22, 24, 27–29) indicated a lower rate of perioperative complications in the MIS group, emphasizing the potential benefit of MIS in reducing post-operative complications. However, one included study (26) found no significant difference between the two groups, suggesting that the effectiveness of MIS in reducing complications may depend on specific patient characteristics or procedural factors, such as patient fitness, the presence of comorbidities, or the surgeon’s experience and used technique. Evidence from RCTs revealed a lower risk of complications with minimally invasive liver resections (29).





Hospitalization time

The analysis of hospitalization time revealed that seven meta-analyses from non-RCTs (20–22, 26–29) detected a shorter hospital stay for patients in the MIS group. Correspondingly, data from RCTs align with these findings (29), supporting the notion that MIS promotes faster post-operative recovery and reduces hospitalization duration. However, one meta-analysis (24) found no significant difference between the two groups, indicating that other factors may influence the length of hospitalization.





Post-operative mortality

Among the included meta-analyses, five considered post-operative mortality as an operative outcome. All five of the cited studies (20–22, 24, 27) reported no significant difference in mortality rates between the MIS and open liver resection groups.





Surgical margins R0

Among the meta-analyses that evaluated this oncologic outcome, three reported higher rates of surgical margins R0 in the MIS group (21, 22, 28). However, one study (29) reported nearly identical rates of R0 resection between the two groups. Another study (20) indicated a slightly higher rate of R0 margins in the open liver resection (OLR) group, highlighting potential variability in outcomes. One meta-analysis (24) found a lower incidence of R1 resection in the LLR group, however, Luo at al (27). did not find any significant difference in terms of increased R1 positive margins between the two groups. Data from RCTs (29) did not detect any significant difference between the MIS and OLR groups.





Recurrence

Regarding cancer recurrence, three meta-analyses were included in the analysis. While two of these meta-analyses (20, 21) reported a lower recurrence rate in the MIS group, the statistical significance was not reached in the latter. These findings imply a potential advantage of MIS in controlling cancer recurrence. However, a third meta-analysis (22) did not find a statistically significant difference between the two groups, indicating the need for additional research to comprehensively assess the impact of MIS on recurrence rates.





Overall survival and disease-free survival

Data from eight meta-analyses (20–22, 24, 26–29), presented no significant difference was observed between the MIS and open liver resection groups regarding overall survival and disease-free survival. Notably, Syn et al. (30), in their meta-analysis of Individual Patient Data From Randomized Trials and Propensity-score Matched Studies, reported a consistent survival advantage favoring laparoscopic over open hepatectomy for colorectal liver metastases (CLM).

- (In Table 4, we assessed outcomes pertaining to minimally invasive versus open hepatectomy for CRLM, specifically when performed simultaneously with the resection of the primary tumor).


Table 4 | Results for different outcomes in patients undergoing laparoscopic versus open simultaneous resection of CRLM and primary CRC.



- (In Table 5, we present a citation matrix that details the primary studies and meta-analyses).


Table 5 | Citation matrix; PS, Primary Studies, MA, Meta-Analysis.








Discussion

Laparoscopy for liver resections has come long since it was first introduced in the 1990s (31). Nowadays, it is considered a practical option for various liver surgeries, even for cases involving colorectal cancer that has spread to the liver (CRLM). This approach has gained support from studies like case series, meta-analyses, and comparisons with traditional open surgery (32).

There is a solid consensus in the medical community that laparoscopic hepatic resection is safe, feasible, and offers advantages compared to open procedures. However, using laparoscopic techniques for liver surgery is quite complicated. Surgeons need extensive training to master the skills required. The liver’s complex anatomy demands a deep understanding of its structure and the use of tools like intraoperative ultrasound to enable enhanced identification and characterization of tumors, directing intraoperative procedures (33, 34). Moreover, applying laparoscopic techniques becomes even more intricate in oncologic surgery. Adherence to radical resection criteria is paramount, necessitating a meticulous and nuanced approach. The surgeon must balance the intricacies of minimally invasive surgery (MIS) with the imperative to achieve the necessary oncological outcomes while preserving the patient’s overall well-being.

The results of this review’s comprehensive analysis shed light on the comparative outcomes of MIS, particularly laparoscopic liver resection (LLR) versus open liver resection (OLR) in the context of colorectal cancer liver metastasis (CRLM). Findings provide valuable insights into the advantages and limitations of these surgical approaches, contributing to the ongoing dialogue surrounding the optimal treatment strategy for this challenging condition.

A pivotal investigation in this domain is the OSLO-COMET Randomized Controlled Trial (RCT) (35), which, notably, was not incorporated into the included meta-analysis. Nevertheless, it is worth highlighting that our findings exhibit striking congruence with the OSLO-COMET study, particularly in the context of reduced postoperative complications observed in the LLR group when compared to OLR. In addition to the OSLO-COMET trial, another RCT, conducted by the same research group 3-years later, reported comparable survival outcomes between the LLR and OLR groups (36). Importantly, this review yields findings that are consonant with this data, further reinforcing the assertion that there may be no substantial survival advantage associated with either surgical approach.

Another noteworthy randomized controlled trial to discuss is the LapOpHuva, which reported no significant differences in short-term outcomes, including surgical duration, blood loss, transfusion requirements, or mortality. Moreover, it demonstrated similar oncological outcomes to OLR (37). These results are consistent with the findings of this umbrella review, further corroborating the notion that LLR can yield comparable outcomes to OLR across various dimensions of surgical and oncological evaluation.

A key observation from the analysis is that MIS does not significantly prolong the duration of surgery in most cases compared to OLR. The result dispels concerns about excessively prolonged surgeries associated with laparoscopic liver resections and highlights that careful patient selection and surgical planning are pivotal factors in optimizing operative durations. Furthermore, LLR is associated with a lower rate of blood transfusion and significantly reduced intraoperative blood loss. These outcomes underscore the potential advantages of MIS in terms of minimizing the need for blood products and preserving hemostasis. The benefits of reduced blood loss extend beyond transfusion-related concerns, as they may also contribute to decreased post-operative complications and expedited recovery. While the majority of meta-analyses, incorporating data from both non-randomized controlled trials (non-RCTs) and RCTs, indicated a favorable trend toward lower complication rates with minimally invasive surgery (MIS), it is noteworthy that a singular study did not detect a significant difference between MIS and open liver resection. These findings underscore the intricacies involved in evaluating complication rates, emphasizing the impact of different factors such as patient comorbidities and the specific surgical techniques employed.

Nonetheless, the potential reduction in perioperative complications associated with MIS remains a compelling aspect, potentially improving the overall safety profile of these procedures. The analysis consistently showed that MIS is associated with a shorter hospitalization time. The finding aligns with the concept of minimally invasive surgery promoting faster post-operative recovery and shorter lengths of stay, which can lead to substantial cost savings and improved patient satisfaction.

The analysis of surgical margins (R0) in the context of liver resections for colorectal cancer metastasis presents a complex and multifaceted picture. While some meta-analyses suggest a potential advantage in achieving R0 resections with LLR, variations in outcomes, as highlighted by individual studies and RCTs, underscore the need for cautious interpretation. The choice between LLR and open techniques should be tailored to the specific characteristics of the tumor and the nuances of the anatomical context, recognizing the intricacies involved in achieving optimal oncologic outcomes.

Concerning cancer recurrence, although two meta-analyses reported a reduced recurrence rate in the MIS group, it is crucial to note that statistical significance was not observed in one of these studies. This outcome underscores the importance of ongoing research to delineate the impact of MIS on recurrence rates and to elucidate the patient subgroups that may benefit most from this approach.

The disparity in findings regarding survival outcomes is likely influenced by variations in study populations, methodologies, and the inclusion of different types of studies. This highlights the intricacies involved in comparing outcomes in surgical interventions and underscores the importance of considering diverse factors when interpreting results from meta-analyses. The meta-analysis conducted by Syn et al. (30), which integrates individual patient data and propensity-score matched studies, offers a more detailed and patient-specific perspective. This approach has the potential to capture nuanced differences that broader analyses may overlook. The identification of potentially improved survival among patients undergoing laparoscopic liver resections introduces a new perspective that warrants further investigation.

Presently, MIS is embarking on a new era with the integration of robotic technology into clinical practice. Although it initially made strides in urologic procedures, robotic applications have now branched out into various surgical domains. Among these, it has notably risen to prominence and seen extensive use in the field of general surgery. The hallmark features of robotic surgery include high-definition 3D magnified vision, endo-wristed movements, precision, and surgical finesse. These characteristics have effectively surmounted some of the technical constraints associated with laparoscopic surgery. As a result, they have garnered significant recognition, firmly establishing robot-assisted liver surgery as a universally accepted approach for the management of a wide range of hepatic conditions. In 2010, Giulianotti et al. published a pioneering series comprising a total of 70 cases of robotic hepatectomies. This initial experience provided compelling evidence of the safety of the robotic approach in liver resections, as demonstrated by low rates of conversion, minimal bleeding, and postoperative complications (38). In 2018, a significant milestone was achieved when the Asian group led by Rong Liu recorded the first consensus regarding robotic hepatectomies (39). Their findings yielded strong recommendations for the safety and efficacy of robotic procedures when compared to both open (2C) and laparoscopic (2D) approaches. Furthermore, the comparison with open hepatectomies (OD) for malignancies garnered a 2D recommendation. Notably, even the indication for living-donor robotic hepatectomy received a 2D recommendation, underscoring the growing acceptance and endorsement of this advanced surgical modality.

Today the majority of the studies found in the literature consider robotic liver surgery a safe approach and effective approach to liver malignancies as for the laparoscopic approach (40–43). There is wide acceptance among surgeons of the use of robotic surgery in complex cases like in cirrhotic patients or delicate procedures requiring, for example, micro-suturing, vascular resections (44), or bilio-enteric anastomosis (43, 45). However, it’s important to note that standardization of many of the techniques within this approach has not yet been fully realized and no research has provided conclusive guidelines for when to recommend or discourage robotic surgery due to the absence of randomized control trials (46).

The study may face limitations regarding the availability and quality of the primary research studies included in the umbrella review. Heterogeneity among the included studies could affect the overall conclusions. However, rigorous inclusion criteria were applied to ensure the reliability of the selected studies.





Conclusion

In conclusion, this analysis indicates that laparoscopic liver resections exhibit notable advantages over open liver resections. The observed reductions in blood loss, decreased transfusion requirements, and shorter hospitalization times suggest that adopting laparoscopic approaches could contribute to more efficient and patient-friendly postoperative experiences. Moreover, the lower complication rates associated with laparoscopy indicate a potential enhancement in the overall safety profile of these procedures. These practical implications are particularly relevant in the context of personalized treatment strategies, where consideration of patient-specific factors and tumor characteristics plays a crucial role in decision-making. To improve our understanding of laparoscopic liver resections’ oncological efficacy and long-term impact, there is a compelling need for additional high-quality randomized controlled trials (RCTs) and multicentric observational studies. These studies will not only contribute crucial insights into the intervention’s effectiveness but also address the complexities inherent in comparing outcomes across diverse patient populations.
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PICO

Question

A meta-analysis
was

conducted to
evaluate the
benefits of
laparoscopic
compared with
open liver
resection for
treatment
colorectal

liver metastases.

Meta-analysis to
compare the
outcomes of
laparoscopic
versus open
liver resections.

A meta-analysis
was conducted to
assess the quality
of evidence in the
literature, thereby
strengthening the
basis for
recommending
laparoscopic liver
resection (LLR) as
a viable
alternative to
open liver
resections (OLR)
for the treatment
of colorectal liver
metastases (CLM).

This meta-analysis
was undertaken to
compare
laparoscopic liver
resection (LLR)
and open liver
resection (OLR)
approaches,
focusing on
intraoperative and
postoperative
complications, as
well as long-term
outcomes. The
analysis was
conducted based
on the

existing literature.

This meta-analysis
comprehensively
assesses all
available evidence,
incorporating
both controlled
trials and
observational
studies. The
objective is to
discern the
preferred surgical
approach for
patients with
colorectal cancer
liver

metastases
(CRCLM).

This meta-analysis
was undertaken to
compare the
perioperative
results and long-
term outcomes of
simultaneous
resections for
colorectal cancer
(CRC) and
synchronous
colorectal liver
metastases
(SCRLM) between
the laparoscopic
and

open approach.

This meta-analysis
aimed to compare
the short- and
long-term
outcomes of
Minimally
Invasive Surgery
(MIS) and Open
Surgery (OS) for
the simultaneous
resection of
primary colorectal
cancer (CRC) and
synchronous
colorectal liver
metastases
(SCRLM),
drawing insights
from the current
available
literature.

The objective of
this study was to
systematically
analyze clinical
evidence in case-
matched studies
comparing
laparoscopic liver
resection (LLR)
with open liver
resection (OLR)
in patients with
metastatic
colorectal
cancer (mCRC).

The objective of
this review was to
systematically
assess the existing
evidence from
matched
population studies
that compare
open and
laparoscopic liver
resection for the
management of
colorectal liver
metastases
(CRLM).

The objective of
this study was to
conduct a
systematic review
and meta-analysis
of the literature to
compare the
efficacy,
effectiveness, and
safety of
‘minimally
invasive surgery
(MIS) versus open
hepatectomy for
resectable
colorectal liver
metastases
(CRLM).

An individual
participant data
(IPD) meta-
analysis was
conducted to
address the
current shortage
of high-quality
evidence
regarding the
impact of
minimally-
invasive surgery
on longterm
oncological
outcomes,
especially overall
survival (OS).
This analysis
includes data
from randomized
trials and
propensity-score
matched (PSM)
studies that
compare
laparoscopic and
open hepatectomy
for colorectal liver
metastases (CLM).

Search
strategy

MEDLINE
(PubMed),
EMBASE and
CENTRAL
databases covering
studies published
until October 18th
2016 and a
manual approach.

A systematic search
was conducted in
the PubMed and
EmBase

Databases

MEDLINE,
EMBASE, OVID,
and Cochrane
database were
searched to identify
all clinical trials
published as full
papers in the
English language
that compared LLR
and OLR for CLM
between July 1992
and March 2013.

A systematic search
of online databases,
including PubMed,
‘Web of Science,
Cochrane Library,
and Embase, was
conducted to
identify pertinent
studies comparing
open surgeries with
laparoscopic
surgeries for the
simultaneous
resections of
colorectal cancer
(CRC) and
synchronous
colorectal liver
metastases
(SCRLM) up until
June 5, 2019.

Electronic
databases, including
the Cochrane

Central Register of
Controlled Trials
(CENTRAL),
PubMed, and
Embase, underwent
a systematic search
to identify all
relevant studies
published prior to
June 2013.

A systematic search
was conducted in
the Cochrane
Library, PubMed,
EMBASE and Ovid
databases for all

the years (until May
5, 2016).\

A comprehensive
search was carried
out on the Web of
Science, Cochrane
Library, Embase,
and PubMed
databases to locate
pertinent studies
The search spanned
studies published
until December
22, 2018.

Two authors
independently
conducted
electronic literature
searches using
PubMed to identify
studies that
compared
laparoscopic liver
resection (LLR)
with open liver
resection (OLR) in
patients with
metastatic colorectal
cancer (mCRC).

A comprehensive
electronic search for
pertinent
publications was
conducted utilizing
the following
resources: PubMed,
Embase, Ovid, and
the Cochrane
Collaboration
database. The
search encompassed
the period from
January 2000 to
January 2020.

A comprehensive
electronic search for
pertinent
publications was
conducted utilizing
the following
resources: PubMed,
Embase, Cochrane
CENTRAL,
ClinicalTrials.gov,
International
Clinical Trials
Registry Platform
(ICTRP), and
Google Scholar.

A comprehensive
search was carried
out on EMBASE,
Scopus and Medline
(via Ovid) for
randomized and
propensity-score
matched (PSM)
studies without
language restriction
from inception to
July 22, 2019.

Inclusion criteria

(1) Study design: comparing laparoscopic
with open liver resection for colorectal liver
metastases patients (2). Each group includes
more than 10 patients (minimum of 20
patients) (3). The studies provided surgical
and oncologic outcomes, and (4) available
data for each surgical regimen.

(1) Diagnosis of colorectal cancer liver
metastasis in adult patients. (2) The surgical
procedure compares laparoscopic and open
approaches. (3) The studies provides short-
or long-term outcomes, and (4) available
data for each surgical regimen.

(1) A study had to compare

LLR and OLR for CLM. (2) In cases where
dual or multiple studies originated from the
same institution, only the most recent study
was considered for analysis.

(1) Patients with proven or suspected
synchronous colorectal liver metastases
(SCRLM), where liver metastasis was
detected simultaneously with the detection
of colorectal cancer (CRC). (2) Laparoscopic
versus open surgeries for simultaneous
resections. (3) Randomized controlled
studies or observational studies, including
cohort and case-control studies. (4) Studies
reporting at least one outcome of either
perioperative results or long-term outcomes.
(5) A study population of more than 20
patients. (6) Only full-length articles were
considered for inclusion.

(1) a comparative study that involved both
laparoscopic hepatectomy (LH) and open
hepatectomy (OH) groups for colorectal

cancer liver metastasis (CRCLM); (2)
hepatectomy without simultaneous resection
of the primary colorectal cancer (CRC); (3)
availability of full-text; (4) inclusion of
descriptions for at least one perioperative or
oncologic outcome; and (5) in cases where
two or more reports shared the same or
overlapping population and data, only the
most recent, comprehensive, or high-quality
article was considered for inclusion.

(1) Synchronous colorectal liver metastases
(SCRLM) were defined as metastases either
detected at the time of the primary
colorectal cancer (CRC) detection or within
six months of CRC presentation. (2) The
‘minimally invasive approach (MIA) for
simultaneous CRC and SCRLM resections
was compared with the open approach (OA)
in the study. Minimally invasive
simultaneous resections were considered if
totally laparoscopic, hand-assisted, or robot-
assisted techniques were employed for
resections of CRC and SCRLM during a
single procedure. (3) The studies reported at
least one primary outcome related to
perioperative results or long-term outcomes.
(4) Only studies published or accepted for
publication as full-length articles

were included.

(1) Comparative assessment of treatment
outcomes between Minimally Invasive
Surgery (MIS) and Open Surgery (OS) for
the simultaneous resection of colorectal
cancer (CRC) and synchronous colorectal
liver metastases (SCRLM), with MIS limited
to laparoscopic or robotic-assisted
procedures; (2) Acceptance or publication of
papers with available full texts; (3) Inclusion
of articles reporting on a minimum of three
treatment outcomes from the list

provided below.

(1) Comparison of laparoscopic liver
resection (LLR) with open liver resection
(OLR) in patients undergoing resection for
metastatic colorectal cancer (mCRC). (2)
Each group comprising a minimum of 10
patients, with a requirement of at least 20
patients overall. (3) Reporting on at least one
of the specified outcomes mentioned herein.

(1) report on patients with only colorectal
liver metastasis (CRLM). (2) compare the
approaches

for management of CRLM (open versus
laparoscopic liver

resection). (3) patient populations across the
studies must

be matched. (4) report on surgical and
outcomes measures

mentioned below. (5) have a clear
research methodology.

(1) Peer-reviewed randomized controlled
trials and non-randomized comparative
studies, published in English. (2)Studies
involving adult patients (aged 18 years or
older) diagnosed with colorectal cancer and
resectable colorectal liver metastases (CRLM)
who were undergoing surgery. (3) Inclusion
of all studies comparing open and minimally
invasive surgery (MIS) approaches. MIS was
defined to encompass laparoscopic,
laparoscopic hand-assisted, robotic, and
hybrid approaches.

(1) Randomized trials

and propensity-score matched (PSM) studies
comparing the effect of laparoscopic versus
open resection of CLM on Overall Survival.
(2) Meeting abstracts and unpublished
online data were considered for inclusion if
they contained Kaplan-Meier survival

curves and provided sufficient information
regarding treatment and

patient characteristics.

Heterogeneity
and methods
to address
the
heterogeneity

Heterogeneity was
assessed using I-
squared (I 2) test and
P value.

Heterogeneity was
measured with the 12
index and P value

Heterogeneity was
assessed using ¥2 and
12 statistics. Data
exhibiting non-
significant
heterogeneity (P >
0.1) were analyzed
using a fixed-effects
model, while
heterogeneous data
(P < 0.1) were
subjected to
calculations
employing a random-
effects model.

Heterogeneities
among studies were
assessed using the
Cochran Chi-square
test and 12 index.

Heterogeneity was
quantified by the
12 index.

The 12 test was used
to calculate the
heterogeneity

across studies.

The assessment of

heterogeneity among
the studies was

performed using the
12 statistic.

The I-squared
statistic was used to
assess heterogeneity
among studies.

Heterogeneity was
assessed by I-
squared statistics

12 and 2 statistics
were used to
assess heterogeneity.

Heterogeneities
among studies were
assessed using the
Chi-square and I-
square statistics.

Quality
assessment
of

included
studies

The quality
assessment for
each study was
performed with
Newcastle-
Ottawa

Scale (NOS).

The Newcastle-
Ottawa Scale
(NOS) was used
to assess
selection,
comparability
and outcomes.

The Newcastle-
Ottawa Scale
(NOS) was used
to assess the
comparability of
the two study
groups, and
assessment

of outcomes.

The Newcastle—
Ottawa scale
(NOS) was used
to assess the
quality of the
included studies.

The quality
assessment of all
incorporated
observational
studies was
conducted using
the Newcastle-
Ottawa

Scale (NOS).

The Newcastle-
Ottawa Scale
(NOS) was used
to

assess the
quality of the
studies included.

The Newcastle-
Ottawa scale
(NOS) was used
to evaluate the
methodological
quality of

the studies.

Not reported

The quality
assessment of
the studies
included in this
systematic
review was
conducted using
the
Methodological
Index for Non-
Randomized
Studies
(MINORS)
score.

For quality
assessment of
randomized
controlled trials
(RCTs), the
Cochrane Risk
of Bias (RoB)
2.0 Tool was
used. For non-
randomized
comparative
studies, a
modified
Newcastle-
Ottawa

Scale (NOS).

The Newcastle-
Ottawa Scale
(NOS) was used
to

assess the
quality of the
non-randomized
studies included.
Risk of bias in
randomized
trials was
assessed using
the Cochrane
Risk-of-

Bias tool.

Publication
bias
evaluation

Funnel plots
were used to
assess potential
publication bias

Publication bias
was assessed
with

funnel plots.

Publication bias
was evaluated
through visual
examination
using a funnel
plot, plotting
standard error
against the effect
size (log

odds ratio).

Funnel plots,
Harbord tests,
Peters tests, and
Egger tests were
used to detect
any

publication bias.

Funnel plots and
Begg rank
correlation were
used to assess
publication bias.

A funnel plot
was employed as
a tool to assist in
interpreting the
potential
presence of
publication bias.

Publication bias
was ascertained
through the
examination of a
funnel plot and
assessed using
both the Begg’s
test and

Egger’s test.

No publication
bias

evaluation
available

Not reported

A funnel plot
was employed as
a tool to assist in
interpreting the
potential
presence of
publication bias.

Publication bias
was assessed
with

funnel plots.
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