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Introduction. Surgical procedures have undergone a paradigm shift in the last 3 decades, with minimally invasive surgery be-
coming standard of care for a number of surgeries, including the treatment of benign gallbladder diseases. By providing
a thorough and impartial summary of the earlier published systematic reviews, the current systematic review is the first to present
comparison results. This review illustrates the data of intraoperative and postoperative results of each laparoscopic cholecys-
tectomy technique. Materials and Methods. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guideline was meticulously followed to conduct the present systematic review. MEDLINE (via PubMed), Cochrane Database of
Systematic Reviews, and Web of Science were searched for eligible publications, and a total of 14 systematic reviews were included.
A newly developed extraction table was utilized to obtain the predefined parameters from eligible systematic reviews, including
operative time, conversion rate, estimated blood loss, bile leak, length of hospital stay, postoperative pain, and cosmetic results. All
statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS) software, version 26.0. The analysis of
dichotomous results was summarized using relative risks and 95% confidence intervals (95% CI), and continuous results were
summarized using mean differences and 95% Cls. The proportions were compared using a single proportion z-test. Results. The
analysis of our primary and secondary outcomes revealed a statistically significant improvement in aesthetic results after single-
incision laparoscopic cholecystectomy (SILC) in comparison to the multiport approach of laparoscopic cholecystectomy. This,
however, is accompanied by extended operative timing and subsequently, prolonged exposure to anesthesia. Conclusion. Patients
should be carefully selected for SILC to minimize technical difficulties and prevent complications both intraoperatively and
shortly after the procedure. This trial is registered with CRD42023392037.

1. Introduction

The past decade has witnessed a paradigm shift in surgical
interventions, with minimally invasive surgery being su-
perior to the traditional open approach for several condi-
tions, including the management of benign gallbladder
diseases [1]. Cholelithiasis, for instance, is a frequently
encountered clinical condition, with an overall prevalence
estimated to reach up to 27% among the general population.
Despite the fact that the vast majority of patients remain
asymptomatic throughout their lifetime, around 1-4% of
affected individuals manifest clinically significant symptoms,
which might mandate a surgical intervention [2]. The

widespread acceptance and popularity of laparoscopic
cholecystectomy, in fact, can be explained by the significant
reduction in associated morbidity and faster recovery to
daily activities, in comparison to the classic open approach
[3]. The first laparoscopic cholecystectomy was performed
by Erich Muhe in 1985 [4]. Technical aspects have evolved
tremendously since then to include a variety of laparoscopic
options with a lower number and size of ports in an attempt
to minimize invasiveness. Three-port laparoscopic chole-
cystectomy and single-incision laparoscopic cholecystec-
tomy (SILC) were introduced as alternatives to the classic
four-port laparoscopic cholecystectomy in an effort to
augment the benefit of minimally invasive techniques [5, 6].
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Given the fact that pain postoperatively represents the most
frequent complaint following laparoscopic cholecystectomy,
reduction of port number or size might enhance the patient
experience and result in greater patient satisfaction overall
[7]. Previous studies have briefly addressed the differences
between the three approaches of laparoscopic cholecystec-
tomy (namely, traditional four-port and three-port lapa-
roscopic cholecystectomy and SILC) in terms of feasibility
and safety. However, there is still a paucity of evidence in
regard to the optimal technique for utilization and con-
troversy regarding the overall clinical outcomes. The current
systematic review is the first to provide comparative out-
comes by summarizing the previously published systematic
reviews in a comprehensive and objective pattern. It aims to
illustrate evidence regarding the intraoperative and post-
operative outcomes of each laparoscopic cholecystectomy
approach, as most of previous publications have only briefly
touched upon one or two of them.

2. Materials and Methods

The current systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [8]. A protocol
was developed prior to the extraction and analysis of data to
guide the various steps of this systematic review and was
registered in the PROSPERO database, with the registration
number CRD42023392037.

2.1. Search Strategy. The literature was systematically
reviewed and the following electronic databases: MEDLINE
(via PubMed), Cochrane Database of Systematic Reviews,
and Web of Science were searched for eligible publications
until January 15, 2023. Systematic reviews addressing the
clinical outcomes of different approaches of laparoscopic
cholecystectomy (specifically, comparing conventional lap-
aroscopic cholecystectomy with SILC or three-port lapa-
roscopic cholecystectomy) were included, only if limited to
randomized controlled trials (RCTs). Other criteria that
were considered prior to inclusion are the language of
publications as only articles published in English language
were eligible for inclusion. No publication year restriction
was applied and all systematic reviews fulfilling the inclusion
criteria were reviewed for extraction. Bibliographic reference
lists of included systematic reviews were screened for eligible
articles. Articles were excluded if written in a non-English
language, not a systematic review, addressing the minimal
invasive approach of other surgical intervention than lap-
aroscopic cholecystectomy, addressing the open approach of
cholecystectomy or systematic review but not limited to
RCTs. The following MeSH terms were used for literature
search: “laparoscopic cholecystectomy” or “minimally in-
vasive cholecystectomy” combined with one of the following
“SILC” or “single-incision” or “three-port” or “reduced-
port” or “conventional” or “classic” or “comparison,” in
combination with the term “systematic review.”
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2.2. Study Selection. The two authors independently
screened the title and abstract of the initially identified
articles and irrelevant articles were excluded accordingly.
Full-text papers of articles fulfilling the inclusion criteria
were retrieved and assessed for eligibility against the pre-
determined inclusion criteria by both authors.

2.3. Data Extraction and Quality Assessment. The assessed
outcomes were divided into intraoperative and post-
operative parameters. Intraoperative outcomes included
operative time, estimated blood loss, bile duct injury, and
bile leak, along with the rate of conversion to open surgery.
For postoperative outcomes assessment, on the other hand,
the following variables were extracted: pain and requirement
of analgesia, length of hospital stay, and cosmetic results. A
newly developed extraction table was utilized to obtain the
predefined parameters from eligible systematic reviews,
including the following: (1) year of publication, (2) com-
pared surgical technique, (3) number of included RCTs and
patients, (4) operative time, (5) conversion rate, (6) esti-
mated blood loss, (7) bile leak, (8) length of hospital stay, (9)
postoperative pain, and (10) cosmetic results. One author
extracted the data and the other one reviewed them for
accuracy. The methodological quality of included systematic
reviews was then assessed by one reviewer and verified by
another one, using the AMSTAR-2 tool, which consists of 16
domains for critical appraisal of systematic reviews [9].

2.4. Statistical Analysis. All statistical analyses were con-
ducted using Statistical Package for the Social Sciences
(SPSS) software, version 26.0. The analysis of dichotomous
results was summarized using relative risks and 95% con-
fidence intervals (95% CI), and continuous results were
summarized using mean differences and 95% CIs. One-
proportion Z-test was utilized to compare the pro-
portions, with p value defined as statistically significant if
<0.05.

3. Results

The initial search of databases yielded 803 records, and 12
additional records were identified through retrieval of ref-
erences. After duplicate removal, 532 articles were screened
for inclusion by titles and abstracts. 442 publications were
excluded as their objectives were considered irrelevant for
our systematic review. The full text of 90 articles was
reviewed to assess eligibility prior to inclusion. Systematic
reviews including non-RCTs were excluded as an attempt to
reduce inevitable bias. We included 14 systematic reviews
tulfilling our previously identified inclusion criteria. Figure 1
represents details of the search strategy according to
PRISMA guidelines. The included systematic reviews were
published between 2012 and 2022, with a total number of 271
RCTs. Out of the included 14 articles, four were conducted in
the United Kingdom, three were carried out in Italy, two in
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FiGURE 1: PRISMA flow diagram summarizing the literature search process and study selection.

China, and the remaining were performed in the Nether-
lands (n=1), Indonesia (n=1), Switzerland (n=1), Croatia
(n=1), and the United States (n=1). The vast majority of
systematic reviews compared single-incision laparoscopic
cholecystectomy with multiport approach of cholecystec-
tomy, and only a single systematic review specified three-
port and four-port approaches in their comparison. Table 1
summarizes the characteristics of included systematic re-
views along with highlighting results of interest. As quality
assessment of included publications was carried out utilizing
the AMSTAR-2 tool for critical appraisal, two reviews were
found to have high quality, one with moderate quality, 5
were classified as low quality, and 6 with critically low
quality. Table 2 illustrates the methodological assessment
result of included studies.

3.1. Primary Outcomes

3.1.1. Experienced Postoperative Pain. Data regarding
postoperative pain experienced by patients and the re-
quirement of analgesia were reported by all included sys-
tematic reviews, 6 publications (42.9%) reported lower rates
of postoperative pain in SILC and three-port laparoscopic
cholecystectomy in comparison to the classic four-port

approach [6, 10-14], whereas 8 reviews (57.1%) showed
no difference between the different groups (p =0.59,
z=0.53) [4, 15-21]. Significant heterogeneity of data was
observed as the assessment of pain was not generalized
among studies; some articles utilized the visual analog scale
for pain assessment and other studies, however, kept pain
evaluation subjective to patients. Other source of hetero-
geneity is the duration of postoperative evaluation as it was
not identified in some studies and was limited to 6 hours
postoperatively in others.

3.1.2. Length of Hospital Stay. Length of hospital stay was
investigated in all 14 included systematic reviews, only 1
study (7.1%) reported a reduction in length of hospital stay
in three-port laparoscopic cholecystectomy in comparison
to the four-port approach [6]. Thirteen publications (92.9%)
showed no significant difference between the available ap-
proaches in terms of hospital stay duration (p = 0.001,
z=3.21) [4, 10-21].

3.1.3. Cosmesis. Twelve articles (85.7%) contributed to the
analysis of cosmetic results and two articles (14.3%) did not
touch on this aspect [11, 21]. Out of the 12 systematic reviews
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reporting the variation in cosmesis between the 3 ap-
proaches, 10 publications (71.4%) illustrated evidence of
better cosmetic results with SILC in comparison to four-port
laparoscopic  cholecystectomy  (p <0.0001, z=6.47)
[4, 10, 12-18, 20], and only 2 studies (14.3%) demonstrated
no difference between any of the approaches [6, 19].

3.2. Secondary Outcomes

3.2.1. Operative Time. The calculation of the operative time
variability was obtained after the inclusion of 14 systematic
reviews, no difference in operative time was observed be-
tween three- and four-port laparoscopic cholecystectomy
[6]. However, a significant difference was seen between SILC
and multiport laparoscopic cholecystectomy, with longer
time required to perform SILC (p = 0.001, z=3.21) (MD:
14.08 minutes, SD: 4.29), the range reported by included
studies varied between 10 and 23 minutes [4, 10-21].

3.2.2. Conversion Rate. Conversion rate, as defined by the
requirement to convert a laparoscopic approach to open
cholecystectomy, was reported in all 14 studies. The per-
centage of conversion as defined by the addition of 1 or 2
ports was not included in the analysis of this variable. Only
one systematic review (7.1%) showed a higher rate of
conversion in association with SILC compared to multiport
laparoscopic cholecystectomy [6]. 13 articles (92.9%) illus-
trated no difference in the rate of conversion from lapa-
roscopic to open approach between the three different
laparoscopic approaches (p = 0.001, z=3.21) [4, 10-21].

3.2.3. Estimated Blood Loss. The estimated volume of blood
loss was reported in 9 publications [4, 6, 10, 12-15, 20, 21]. 6
systematic reviews demonstrated no difference in blood loss
estimate between the three approaches [6, 10, 12, 14, 15, 21].
Only 3 studies showed a higher rate of intraoperative blood
loss during SILC [4, 13, 20].

3.2.4. Bile Leak/BDI. Out of the 14 included studies, the
observation of bile leakage and bile duct injury was available
in 13 systematic reviews (92.9%), as one of the included
publications (7.1%) did not address this aspect [19]. 2 studies
showed a more frequent occurrence of bile duct injury and
bile leak in SILC in comparison to multiport laparoscopic
cholecystectomy [11, 13]. 11 articles, on the other hand,
reported equal incidence between the 3 approaches
(p<0.0001, z=4.06) [4, 6, 10, 12, 14-18, 20, 21].

4, Discussion

The current systematic review is the first to summarize the
evidence available from systematic reviews addressing the
different laparoscopic techniques of cholecystectomy and
comparing their intraoperative and postoperative clinical
outcomes. Since the introduction of SILC by Navarra et al. in
1997, extensive efforts have been made to prove its safety and
teasibility to replace the conventional method of laparoscopic

Minimally Invasive Surgery

cholecystectomy [22]. The analysis of our primary and sec-
ondary outcomes revealed a statistically significant im-
provement in aesthetic results after SILC in comparison to the
multiport approach of laparoscopic cholecystectomy. This,
however, is accompanied by extended operative timing and
subsequently prolonged exposure to anesthesia. Therefore,
careful selection of candidates undergoing SILC should be
present to minimize technical difficulties and prevent related
complications both intraoperatively and shortly after the
procedure. Due to the compromised intraoperative visuali-
zation in obese individuals and the difficulty in identifying
biliary structures secondary to the presence of fatty tissues,
SILC is better to be limited to patients with a BMI of 30 or less
to minimize the risk of complications [23]. It is essential to
note that the majority of included systematic reviews have
excluded obese population from their analysis, which limits
generalizability of our findings among them.

Previous surgeries involving the abdomen and signs of
acute cholecystitis were identified as factors predicting
failure of SILC, with a success rate limited to 59% in as-
sociation with acute cholecystitis, as suggested by Antoniou
et al. in his systematic review addressing the limitations of
the single-incision approach [24]. Furthermore, the
American Society of Anesthesiologists (ASA) classification
might be utilized as a tool to exclude patients predisposed to
risk of prolonged anesthesia, as those with a score of 3 and
more were excluded from some of the included systematic
reviews allocated in our study [16].

The associated increase in length of operative time can be
partly explained by the surgeon learning curve as applied to
any surgical procedure. Supporting this postulation is the
observation of Chow et al., who spent around 202 minutes to
perform their first SILC and, in contrast, the last case re-
quired 75 minutes [25]. Moreover, a Chinese study con-
ducted by Xiao et al. in 2010, comparing SILC and
conventional laparoscopic cholecystectomy, suggested that
the operative time of SILC in their hands reached the plateau
with experience and became comparable to the required
time of the conventional technique reaching around
52 minutes [26, 27]. Given these considerations, it is evident
that the relatively lower experience is building a barrier to
optimal implementation of the single-incision technique of
laparoscopic cholecystectomy. An additional aspect for
comparison that was underinvestigated by the majority of
the previously published literature is the incidence of port-
site hernia following SILC compared to conventional in-
tervention. One of the included systematic reviews con-
ducted by Lyu et al. illustrated an increased rate of incisional
hernia following SILC [15]. However, the review by Rudi-
man and Hanafi reported a similar rate of incisional hernia
occurrence among both interventions, namely, SILC and
conventional approach [10]. Therefore, this specific com-
plication needs to be adequately investigated in future
prospective studies.

SILC seems to be superior to the three- and four-port
laparoscopic cholecystectomy in regard to aesthetic outcomes
seen postoperatively with comparable safety profiles. Al-
though the present review is the first to demonstrate clear
generalized evidence regarding the differences between the
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three laparoscopic approaches of cholecystectomy, the het-
erogeneity of included studies and the variation in surgical
preferences might be one of the limitations. Differences in the
interpretation of pain and cosmesis among allocated studies
might also affect outcome evaluation. Future research should
focus on providing scientific data with higher level of evidence
conducted and reported in a more comprehensive manner to
establish and formulate an accurate background about the
single-incision approach of cholecystectomy.

5. Conclusion

The present systematic review provides comparison between
the three different approaches of laparoscopic cholecystec-
tomy and sheds light on the applicability and potential of
SILC. Three-port cholecystectomy showed similar out-
comes, safety, and applicability comparing to the traditional
four-port cholecystectomy. Nevertheless, based on the
findings provided from the current review, single-incision
laparoscopic cholecystectomy is a feasible alternative to the
traditional multiport approach with better aesthetic results
but longer operative duration and learning curve. Wise
selection of patients remains crucial to ensure the provision
of a safe and time-effective management. For more com-
pelling findings regarding the optimal approach and the
precise indications of SILC, further high-quality evidence is
required to draw a definitive, more detailed conclusion.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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