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Abstract

To compare the outcomes of three-port and four-port laparoscopic cholecystectomy. In compliance with PRISMA statement
standards, electronic databases were searched to identify all comparative studies investigating outcomes of three-port vs
four-port laparoscopic cholecystectomy. Two techniques were compared using direct comparison meta-analysis model. The
risks of type 1 or type 2 error in the meta-analysis model were assessed using trial sequential analysis model. The certainty of
evidence was assessed using GRADE system. Random effects modelling was applied to calculate pooled outcome data.
Analysis of 2524 patients from 17 studies showed that both techniques were comparable in terms of operative time (MD:—
0.13, P=0.88), conversion to open operation (OR:0.80, P =0.43), gallbladder perforation (OR: 1.43, P=0.13), bleeding from
gallbladder bed (OR:0.81, P=0.34), bile duct injury (RD: 0.00, P=0.97), iatrogenic visceral injury (RD: — 0.00, P=0.81),
bile or stone spillage (OR:1.67, P =0.08), port site infection (OR: 0.90, P=0.76), port site hernia (RD: 0.00, P =0.89), port
site haematoma (RD: — 0.01, P=0.23), port site seroma (RD: 0.00, P=1.00), and need for reoperation (RD: — 0.00, P=0.94).
However, the three-port technique was associated with lower VAS pain score at 12 h (MD: — 0.66, P <0.00001) and 24 h
(MD: — 0.54, P <0.00001) postoperatively, shorter length of hospital stay (MD:-0.09, P=0.41), and shorter time to return
to normal activities (MD: — 0.79, P=0.02). Trial sequential analysis confirmed that the meta-analysis was conclusive with
no significant risks of type 1 or type 2 error. Robust evidence (level 1 with high certainty) suggests that in an elective setting
with uncomplicated cholelithiasis as indication for cholecystectomy, three-port laparoscopic cholecystectomy is comparable
with the four-port technique in terms of procedural and morbidity outcomes and may be associated with less postoperative
pain, shorter length of hospital stay and shorter time to return to normal activities.
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Introduction

Laparoscopic cholecystectomy is the gold standard proce-
dure for symptomatic cholelithiasis and other benign dis-
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very soon after that it replaced the open approach due to
fewer incision-related complications, less postoperative pain,
and shorter length of hospital stay [2, 3]. Laparoscopic chol-
ecystectomy is conventionally performed using four laparo-
scopic ports. Despite the observed benefits of the standard
four-port technique, there have been many efforts to make
laparoscopic cholecystectomy even less invasive by reducing
the size or number of ports to reduce the postoperative pain
and analgesia requirement.

Single-incision laparoscopic cholecystectomy initially
gained popularity in terms of cosmetic outcomes and pain
reduction; however, it lost its popularity due to higher risks
of complications in comparison with the standard technique
[4]. Three-port laparoscopic cholecystectomy has been pro-
posed as an alternative to standard four-port technique. In
the three-port technique, the fourth or lateral port which is
normally used to retract the fundus of gallbladder is omit-
ted. The outcomes of three-port and four-port laparoscopic
cholecystectomy have been compared by reasonable number
of randomised and non-randomised studies supporting the
rationale for conducting a comprehensive systematic review.

We aimed to conduct a comprehensive systematic review
using meta-analytical and trial sequential analytical mod-
els to compare the outcomes of three-port and four-port
laparoscopic cholecystectomy. We also aimed to perform
trial sequential analysis to assess the conclusiveness of the
meta-analysis.

PICOS (participants, interventions, comparisons,
outcomes, and study design) research question

In patients undergoing laparoscopic cholecystectomy, is
there any difference between three-port and four-port tech-
niques in terms of perioperative outcomes reported in a com-
prehensive systematic review using meta-analytical and trial
sequential analytical models?

Methods
This study was conducted following a predefined protocol in
compliance with Preferred Reporting Items for Systematic

reviews and Meta-Analyses (PRISMA) statement standards
[5].

Objectives
The objectives of the current study were:
e To compare perioperative outcomes of three-port and

four-port laparoscopic cholecystectomy using direct
comparison meta-analysis model [6].
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e To assess the risk of type 1 or type 2 error in the meta-
analysis model and to assess if the meta-analysis is con-
clusive to inform decision-making using trial sequential
analysis model [7].

e To assess the certainty of the available evidence using the
Grading of Recommendation, Assessment, Development
and Evaluation (GRADE) system [8].

Eligibility criteria
Study design

All randomised controlled trials (RCTs) and comparative
cohort studies (retrospective or prospective) comparing the
outcomes of three-port and four-port laparoscopic cholecys-
tectomy were considered eligible for inclusion. Case control
studies, case series, systematic reviews, review articles and
case reports were excluded.

Population

All participants of any age or gender undergoing lapa-
roscopic cholecystectomy were considered eligible for
inclusion. The indications of interest for cholecystectomy
included cholelithiasis, uncomplicated cholecystitis, and
gallbladder polyp. Both elective and emergency cases were
included. The participants who underwent cholecystectomy
due to gallbladder perforation, gallbladder empyema, chole-
docholithiasis, and gallbladder malignancy were excluded.

Intervention and comparison

Laparoscopic cholecystectomy using three ports was consid-
ered as intervention of interest and laparoscopic cholecys-
tectomy using four ports was considered as comparison of
interest.

Outcomes

The outcomes of interest included operative time, conversion
to open operation, gallbladder perforation, bleeding from
gallbladder bed, bile duct injury, iatrogenic visceral injury,
bile or stone spillage, port site infection, port site hernia,
port site haematoma, port site seroma, need for reoperation,
visual analog scale (VAS) pain score at 12 h and 24 h post-
operatively, length of hospital stay, and time to return to
normal activities.

Search methods
Two independent authors with experience in evidence

synthesis used appropriate keywords, thesaurus headings,
search limits and operators to develop a comprehensive
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search strategy (Appendix I). The following sources were
searched:

Electronic databases

The Cochrane Central Register of Controlled Trials (CEN-
TRAL), Medical Literature Analysis and Retrieval System
Online (MEDLINE), Excerpta Medica database (EMBASE),
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), and Scopus.

Sources for unpublished or on-going studies

System for Information on Grey Literature, European Asso-
ciation for Grey Literature Exploitation, International Stand-
ard Randomised Controlled Trial Number Registry, World
Health Organization International Clinical Trials Registry,
and ClinicalTrials.gov.

Other sources

Reference lists of relevant reviews and articles.
The search was last applied on 25 October 2020 and the
search strategy had no language restrictions.

Selection of studies

The titles and abstracts of the articles identified through
application of the above search strategy were screened by
two independent authors, the full-texts of relevant articles
were retrieved and studies that met the eligibility criteria of
the current review were selected. Disagreements in selec-
tion of eligible studies between the first two authors were
resolved by involving a separate third author.

Data extraction and management

An online data collection sheet consistent with Cochrane’s
data collection form was created using random pilot-testing
technique by two independent authors. The disagreements
were resolved by involving a separate third author. The fol-
lowing data were extracted from each study: First author’s
name, year, country of origin, and journal of the published
study, study design, sample size, description of included par-
ticipants, age, gender, operative time, conversion to open
operation, gallbladder perforation, bleeding from gallbladder
bed, bile duct injury, iatrogenic visceral injury, bile or stone
spillage, port site infection, port site hernia, port site haema-
toma, port site seroma, need for reoperation, VAS pain score
at 12 h and 24 h postoperatively, length of hospital stay, and
time to return to normal activities.

Assessment of risk of bias in included studies

Two independent authors evaluated the methodological qual-
ity of the included studies using the following tools:

Cochrane tool for assessing the risk of bias of randomised
trials

This tool evaluates the methodological quality of ran-
domised controlled trials in terms of selection, performance,
detection, attrition, reporting and other sources of bias [9].

Risk of bias in non-randomized studies—of interventions
(ROBINS-I) assessment tool

This tool evaluates the methodological quality of observa-
tional studies in terms of bias due to confounding, bias in
selection of participants into the study, bias in classification
of interventions, bias due to deviations from intended inter-
ventions, bias due to missing data, bias in measurement of
outcomes, and bias in selection of the reported results [10].

A separate third author was involved in case of disagree-
ments between the first two authors.

Statistical analyses

Review Manager 5.3 (RevMan, Version 5.3. Copenhagen,
2014) software was used for comparison meta-analysis
model and trial sequential analysis (TSA) (TSA software
0.9.5.5 Beta, Copenhagen Trial Unit, Denmark) software
was used for trial sequential analysis model.

Comparison meta-analysis model

Intention to treat information data from the included stud-
ies were used for data analysis. Random effects modelling
with consideration of individual patients as unit of analysis
was utilised to calculate pooled odds ratio (OR) and pooled
mean difference (MD) as summary measures for dichoto-
mous and continuous outcomes, respectively. When more
than a third of the included studies reported zero event (no
occurrence of the outcome event) in both 3-port and 4-port
groups, the pooled risk difference (RD) was calculated. The
statistical heterogeneity was measured as /> using Cochran
Q test (y2) and it was classified as low heterogeneity when
I was 0-25%, moderate heterogeneity when I> was 25-75%,
and high heterogeneity when 1> was 75-100%. We planned
to generate funnel plots for the outcomes reported by at least
10 studies and we planned to assess the likelihood of pub-
lication bias by assessing the symmetry of the funnel plots.
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Trial sequential analysis model

Trial sequential analysis (TSA) of data from randomised
controlled trials was conducted when an outcome was
reported by at least five randomised trials. To assess the
likelihood of type 1 error, O’Brien-Fleming a-spending
function was used to adjust the thresholds for the Z-values.
Furthermore, the Z values were penalised using the iterated
logarithm law. To assess the likelihood of type 2 error, the
B-spending function and futility boundaries were used. Ran-
dom effects models were used for TSA and constant continu-
ity correction was used to deal with the no event RCTs. The
required information size (IS) was computed according to
10% relative risk reduction between the 3-port and 4-port
groups and achievement of 80% power.

All statistical analyses were modelled based on 95% con-
fidence level to demonstrate statistical significance.

Additional analyses
The following additional analyses were planned:
Sensitivity analyses

Sensitivity analyses were modelled for outcomes reported by
at least five studies. These included elimination of one study
at a time followed by repeating the analyses, independent
calculation of risk ratio (RR) and risk difference (RD) for
dichotomous outcomes, and separate analyses for studies
with low overall risk of bias.

Subgroup analyses

Subgroup analyses were planned based on randomised
controlled trials, observational studies, and emergency
procedures.

Summary of findings table

The quality and certainty of available evidence for each
outcome was graded as very low, low, moderate, or high
in terms across studies risk of bias, directness of evidence,
heterogeneity, precision of effects estimates, and risk of pub-
lication bias using the GRADE system [8]. The results were
presented in a ’Summary of findings’ table.

Results

Results of the search

Running the search strategy described above resulted in 290
articles among which 278 studies were excluded directly,
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because they were not relevant to the topic of this study.
After reviewing the full-text of remaining relevant articles,
five more article were excluded, because one article was a
review article and four articles had unclear study design and
methodology. The remaining 17 articles [11-27] met the eli-
gibility criteria of this study. These included 12 randomised
controlled trials [11-18, 20, 23, 24, 26] and five comparative
observational studies [19, 21, 22, 25, 27] enrolling a total
of 2524 patients. Figure 1 demonstrates the study flow chart
and Table 1 highlights the baseline characteristics of the
included studies.

Risk of bias in included studies

Figure 2 highlights the outcomes of methodological quality
assessment of the included studies based on the Cochrane
tool and ROBINS-I tool.

Results of comparison meta-analysis model
(Fig. 3).

Operative time
All studies

Analysis of 2111 patients from 13 studies showed no differ-
ence in operative time between the two groups (MD: —0.13,
95% CI—1.78 to 1.53, P=0.88). The level of between-study
heterogeneity was moderate (I>=57%, P=0.005). The like-
lihood of publication bias was low based on funnel plot.

Randomised controlled trials

Analysis of 961 patients from nine RCTs showed no differ-
ence in operative time between the two groups (MD: — 0.03,
95% CI — 2.28 to 2.22, P=0.98). The level of between-
study heterogeneity was moderate (I*=55%, P=0.02). The
GRADE certainty of the evidence was judged to be high
(Supplementary Table 1a).

Observational studies

Analysis of 1150 patients from four observational stud-
ies showed no difference in operative time between the
two groups (MD: —0.23, 95% CI—3.15 to 2.68, P=0.88).
The level of between-study heterogeneity was moderate
(I’=69%, P=0.02). The GRADE certainty of the evidence
was judged to be moderate (Supplementary Table 1a).
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Fig. 1 PRISMA flow chart
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Conversion to open operation
All studies

Analysis of 2150 patients from 12 studies showed no dif-
ference in the risk of conversion to open operation between
the two groups (OR: 0.80, 95% CI 0.45-1.41, P=0.43).
The level of between-study heterogeneity was low (2 =0%,
P=0.72). The likelihood of publication bias was low based
on funnel plot.

Randomised controlled trials

Analysis of 1000 patients from eight RCTs showed no dif-
ference in the risk of conversion to open operation between
the two groups (OR: 0.76, 95% CI 0.36-1.62, P=0.48).
The level of between-study heterogeneity was low (I =0%,

P=0.57). The GRADE certainty of the evidence was judged
to be high (Supplementary Table 1b).

Observational studies

Analysis of 1150 patients from four observational studies
showed no difference in the risk of conversion to open opera-
tion between the two groups (OR: 0.84, 95% CI 0.35-2.02,
P=0.70). The level of between-study heterogeneity was low
(?=0%, P=0.51). The GRADE certainty of the evidence
was judged to be high (Supplementary Table 1b).
Gallbladder perforation

All studies

Analysis of 870 patients from six studies showed no differ-
ence in the risk of gallbladder perforation between the two
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tional studies

groups (OR: 1.43, 95% CI 0.90-2.29, P=0.13). The level
of between-study heterogeneity was low (I>=0%, P=0.92).

Randomised controlled trials

Analysis of 470 patients from five RCTs showed no differ-
ence in the risk of gallbladder perforation between the two
groups (OR: 1.33, 95% CI 0.78-2.26, P=0.29). The level
of between-study heterogeneity was low (I>=0%, P=0.90).
The GRADE certainty of the evidence was judged to be high
(Supplementary Table 1c).

Observational studies

Analysis of 400 patients from one observational study
showed no difference in the risk of gallbladder perfora-
tion between the two groups (OR: 1.88, 95% CI 0.68-5.19,
P=0.22). The GRADE certainty of the evidence was judged
to be low (Supplementary Table 1c).

Bleeding from gallbladder bed
All studies
Analysis of 1164 patients from eight studies showed no dif-

ference in the risk of bleeding form gallbladder bed between
the two groups (OR: 0.81, 95% CI 0.53-1.24, P=0.34).

The level of between-study heterogeneity was low (I*=0%,
P=0.87).

Randomised controlled trials

Analysis of 764 patients from seven RCTs showed no differ-
ence in the risk of bleeding form gallbladder bed between
the two groups (OR: 0.71, 95% CI 0.44-1.14, P=0.15).
The level of between-study heterogeneity was low (I =0%,
P=0.96). The GRADE certainty of the evidence was judged
to be high (Supplementary Table 1d).

Observational studies

Analysis of 400 patients from one observational study
showed no difference in the risk of bleeding form gallbladder
bed between the two groups (OR: 1.40, 95% CI 0.55-3.55,
P=0.48). The GRADE certainty of the evidence was judged
to be moderate (Supplementary Table 1d).
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Fig.3 Results of comparison (a) Operative time
meta-analysis model: a opera-
tive time; b conversion to open 3-porttechnique  4-port technique Mean Difference Mean Difference
. Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
operation; c gallbladder perfora- 1.1.1 Randomised controlled trials
fan- : _ Kumar 2007 473 208 36 608 323 39 1.3% -13.50(27.55,058] 2007
tion; d bleeding from gallblad Harsha 2013 44 72 25 476 66 25 91% -360[743.023) 2013 —
der bed: e bile duct injury- f Khorgami 2014 542 144 30 53 135 30 42%  1.20[5.86,8.26] 2014
X Y L YT Reshie 2015 5018 753 100 4758 893 100 13.2%  260(0.31,4.89 2015
iatrogenic visceral injury; g bile Sharma 2015 5465 2355 100 57.76 308 100 3.7% -3.11[10.71,4.49 2015
ilage: h B Mirza 2017 4064 1229 39 3047 1623 39 4.8%  1.47(4.92,7.85 2017
or stone spillage; h port site Kurnar 2018 4502 12 52 416 132 82 7.0%  3.42[143,8.27] 2018
: ian- i : o Bari 2019 2026 46 50 3066 402 50 14.9%  -1.40(3.09,029] 2019
mfectl'on, i port site hernia; j . Mohamed 2020 433 186 45 402 201 49 36%  3.10(472,1097] 2020
port site haematoma; k port site Subtotal (95% CI) 477 484 61.7%  -0.03[-2.28,2.22]
. Heterogeneity: Tau*= 6.10; Chi*= 17.94, df= 8 (P = 0.02); IF= 55%
seroma; | need for reoperation; Testfor overall effect Z= 0.03 (P = 0.98)
m VAS pain score at 12 h post- 1.1.2 Observational studies
; . : Al-Azawi 2007 464 12 283 489 12 212 136%  -280 [4.94,-066] 2007 -
operatively; n YAS pain score at Hashimoto 2011 76 45 18 61 20 37 06% 1500[6.76,36.76] 2011 —
24 h postoperatlvely; o) length of Mayir 2014 31 81 100 316 76 100 131%  -0.60[2.92,1.72) 2014
. . Akay 2019 6118 1575 200 5882 1537 200 11.0%  2.36([0.69,541] 2019
hospital stay; p time to return to Subtotal (95% CI) 601 549 383%  -0.23[-3.15,2.68]
LR Heterogeneity: Tau®= 5.14; Chi*= 9.54, df= 3 (P =0.02); F=69%
normal activities Testfor overall effect Z= 0.16 (P = 0.88)
Total (95% CI) 1078 1033 100.0%  -0.13[-1.78, 1.53] *
Heterogeneity: Tau®= 4.02; Chi*= 4 ' ) n

28.06, df=12 (P =0.005), F=57% 3 + >
Test for overall effect Z=0.15 (P = 0.88)

20 -0 0 20
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(b) Conversion to open operation

3-porttechnique  4-port technique Odds Ratio Odds Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Random, 95% ClI_Year M-H, Random, 95% CI
2.1.1 Randomised controlled trials
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Reshie 2015 4 100 2 100 10.9% 2.04[0.37,11.41] 2015 e e —
Sharma 2015 0 100 3 100 37% 0.14[0.01,2.72] 2015 — 1
Shah 2017 0 30 1} 30 Not estimable 2017
Kumar 2018 2 52 5 52 11.4% 0.38([0.07,2.03] 2018 I —
Koirala 2019 7 123 5 94 23.2% 1.07 [0.33,3.50] 2019 I —
Mohamed 2020 1 45 2 49 55% 0.53[0.05,6.10] 2020 ]
Subtotal (95% CI) 511 489 57.7% 0.76 [0.36, 1.62] .
Total events 14 18

Heterogeneity: Tau®= 0.00; Chi*=3.85,df=5(P=0.57), F=0%
Test for overall effect Z=0.70 (P = 0.48)

2.1.2 Observational studies

Al-Azawi 2007 8 283 B 212 281% 1.00[0.34,292] 2007 —

Hashimoto 2011 1 18 8 37 69% 0.21[0.02,1.86] 2011 — 1

Mayir 2014 1 100 i} 100 31% 3.03[0.12,75.28] 2014 -
Akay 2019 1 200 1 200 4.2% 1.00[0.06,16.10] 2019 e
Subtotal (95% CI) 601 549  42.3% 0.84[0.35, 2.02] i

Total events " 1

Heterogeneity: Tau*= 0.00; Chi*= 2.30, df= 3 (P=0.51); F=0%

Test for overall effect Z= 0.38 (P = 0.70)

Total (95% CI) 1112 1038 100.0% 0.80 [0.45, 1.41]

Total events 25 33

Heterogeneity: Tau*= 0.00; Chi*=6.18,df=9(P=0.72), F= 0% UIUDZ U'1 7 1o
Testfor overall efrec_t: =078 ‘P=, 0.43) Favours [3-porttechnique] Favours [4-porttechnigue]
Test for subaroun differences: Chi*= 0.03, df=1 (P = 0.87), F= 0%

(¢) Gallbladder perforation

3-porttechnique  4-port technique Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl _Year M-H, Random, 95% CI
3.1.1 Randomised controlled trials
Harsha 2013 3 25 4 25 85% 0.72[0.14,359] 2013 —
Khargami 2014 3 30 3 30 7.8% 1.00[0.19,5.40] 2014 S E—
Sharma 2015 25 100 18 100 47.4% 1.52[0.77,3.000 2015 T
Eroler 2016 5 30 3 30 9.4% 1.80[0.39,8.32] 2016 e
Bari 2019 2 50 2 50 55% 1.00[0.14,7.39] 2019 S S—
Subtotal (95% CI) 235 235 78.6% 1.33[0.78, 2.26] B
Total events 38 30

Heterogeneity: Tau®= 0.00; Chi*=1.05, df= 4 (P=0.90); F= 0%
Test for overall effect: Z=1.06 (P = 0.29)

3.1.2 Observational studies
Akay 2019 11 200 B 200 21.4% 1.88[0.68,5.19] 2019 T
Subtotal (95% CI) 200 200 21.4% 1.88[0.68, 5.19]
Total events 1" B

Heterogeneity: Not applicable

Test for overall effect Z=1.22 (P=0.22)

0

Total (95% CI) 435 435 100.0% 1.43[0.90, 2.29] &
Total events 49 36
Heterogeneity: Tau®= 0.00; Chi*=1.40,df=5(P=0.92); F=0%
Testfor overall effect: Z=1.50 (P=0.13)

Testfor subgroup differences: Chi*= 0.35, df=1 (P = 0.55), F= 0%

0.005 200

Favouls[3»po’l1lechmque] Favours [4-porttechnique]

@ Springer



Updates in Surgery (2021) 73:451-471

459

Fig.3 (continued)

(d) Bleeding from gallbladder bed

3-port technique  4-port technique
Events Total Weight M-H, Random, 95% Cl _Year

Study or Subgroup Events Total
4.1.1 Randomised controlled trials

Harsha 2013 3 25
Khorgami 2014 1 30
Sharma 2015 32 100
Reshie 2015 4 100
Eroler 2016 2 30
Bari 2019 1 50
Mohamed 2020 1 45
Subtotal (95% CI) 380
Total events 44

Heterogeneity: Tau®=
Test for overall effect Z=1.43 (P=0.15)

4.1.2 Observational studies

kay 2019 " 200
Subtotal (95% CI) 200
Total events 11
Heterogeneity: Not applicable
Test for overall effect: Z= 0.70 (P = 0.48)

Total (95% CI) 580
Total events 55

4 25 6.9%
1 30 23%
44 100 53.8%
4 100 8.9%
1 30 3.0%
1 50 2.3%
1 43 23%
384 79.4%

56

0.00; Chi*=1.49, df= 6 (P = 0.96); F= 0%

8 200 206%
200 20.6%

584 100.0%

64
Heterogeneity: Tau?= 0.00; Chi*= 3.12, df= 7 (P = 0.87); F= 0%

Test for overall effect: Z= 0.04 (P = 0.97)
Testfor subaroup differences: Chi

3-port technique
Study or Subgroup Events Total
6.1.1 Randomised controlled trials

Reshie 2015 0 100
Eroler 2016 1 30
Shah 2017 0 30
Kumar 2018 1 52
Mohamed 2020 0 45
Subtotal (95% CI) 257
Total events 2

Heterogeneity: Tau®= 0.00; Chi*=1.14, df:
Test for overall effect Z=0.23 (P=0.81)

6.1.2 Observational studies

Hashimoto 2011 0 18
Akay 2019 1 200
Subtotal (95% CI) 218
Total events 1

Heterogeneity: Tau®= 0.00; Chi*= 0.42, df:
Test for overall effect: Z=0.08 (P = 0.94)

Total (95% CI) 475
Total events 3
Heterogeneity: Tau®= 0.00; Chi* = 1.64, df:
Test for overall effect Z=0.21 (P=0.83)

Testfor subaroup differences: Chi*= 0.02,

=0.04,df=1(P=084), F=0%

(f) Iatrogenic visceral injury

4-port technique
Events Total Weight

0 100 29.0%
2 30 09%
0 30 28%
2 52 2.6%
0 49 B.6%

261 41.9%

=4 (P=0.89);F=0%

1 37 12%
1 200 56.8%

237 58.1%
2

=1{P=052);F=0%

498 100.0%
[

=6(P=1095);F=0%

df=1(P=080), F=0%

Odds Ratio

Odds Ratio
M-H, Random, 95% CI

0.72(0.14,3.59] 2013
1.00 [0.06, 16.76] 2014
0.60(0.34,1.07] 2015
1.00(0.24, 4.11] 2015
2.07(0.18,24.15) 2016
1.00 [0.06, 16.44] 2019
1.08[0.07,17.97) 2020
0.71[0.44, 1.14]

1.40 [0.55, 3.55] 2019
1.40 [0.55, 3.55]

0.81[0.53, 1.24]

¢ ‘;4-

0.001

-1 ¢

000

Risk Difference
M-H, Random, 95% CI _Year

01 10
Testfor overall effect: Z=0.96 (P = 0.34) Favours [3-porttechnique] Favours [4-port technique]
Testfor subaroup diffierences: Chi*=1.63, df=1 (P = 0.20), F= 38.5%
(e) Bile duct injury
3-port technique  4-port technique Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
5.1.1 Randomised controlled trials
Bari 2019 0 50 0 50 2.3% 0.00[-0.04,0.04] D
Eroler 2016 1} 30 1 30 0.4% -0.03[-0.12,0.05] —
Harsha 2013 0 25 0 25 0.6% 0.00[-0.07,0.07]
Koirala 2019 1} 123 0 94 10.0% 0.00[-0.02,0.02] .
Kumar 2007 1} 36 0 39 1.3% 0.00 [-0.05, 0.05]  E—
Kumar 2018 2 52 3 52 05% -0.02[-0.10, 0.08]
Mohamed 2020 1} 45 0 43 20% 0.00[-0.04, 0.04] I
Reshie 2015 0 100 0 100 9.0% 0.00[-0.02,0.02] -1
Shah 2017 1} 30 0 30 09% 0.00 [-0.06, 0.06]
Sharma 2015 1} 100 0 100 9.0% 0.00[-0.02,0.02]
Subtotal (95% CI) 591 569  36.0% -0.00[-0.01, 0.01]
Total events
Heterogeneity: Tau®= 0.00; Chi*=1.07, df= 9 (P =1.00); F= 0%
Test for overall effect: Z=0.14 (P = 0.89)
5.1.2 Observational studies
Akay 2019 B 200 4 200 36% 0.01 [-0.02, 0.04] -1
Al-Azawi 2007 1} 283 1} 212 509% 0.00[-0.01,0.01] L3
Hashimoto 2011 1} 18 0 37 05% 0.00[-0.08, 0.08]
Mirza 2017 1} 100 0 100 9.0% 0.00[-0.02,0.02]
Subtotal (95% CI) 601 549  64.0% 0.00[-0.01, 0.01]
Total events
Heterogeneity: Tau*= 0.00; Chi*=1.03, df=3 (P=0.79), F= 0%
Test for overall effect: Z=0.15 (P = 0.88)
Total (95% Cl) 1192 1118 100.0% 0.00[-0.01, 0.01] 4
Total events 8 8
Heterogeneity: Tau®= 0.00; Chi#=1.18, df= 13 (P = 1.00); F= 0% »052 -U=‘I El"1 E|=2

Favours [3-porttechnique] Favours [4-port technique]

Risk Difference
M-H, Random, 95% CI

0.00[-0.02,0.02] 2015
-0.03[-0.14,0.08] 2016
0.00 [-0.06,0.08] 2017
-0.02 [-0.08,0.04] 2018
0.00 [-0.04,0.04] 2020
-0.00[-0.02, 0.01]

-0.030.12,0.07] 2011
0.00-0.01,0.01] 2018
-0.00[-0.01,0.01]

-0.00[-0.01,0.01]

0z 01 0 01 02
Favours [3-porttechnique] Favours [4-port technique]

@ Springer



460

Updates in Surgery (2021) 73:451-471

Fig.3 (continued) (g) Bile or stone spillage

3-port technique

4-port technique

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI _Year M-H, Random, 95% CI
7.1.1 Randomised controlled trials
Khorgami 2014 0 30 0 30 Not estimable 2014
Sharma 2015 22 100 12 100 56.4% 2.07[0.96,4.45] 2015 —
Mohamed 2020 B 45 5 49 208% 1.35([0.38,4.79] 2020 S
Subtotal (95% CI) 175 179 77.1% 1.85[0.96, 3.55] -
Total events 28 17
Heterogeneity: Tau®= 0.00; Chi*=0.32, df=1 (P=0.57), F= 0%
Test for overall effect: Z=1.83 (P = 0.07)
7.1.2 Observational studies
Akay 2019 B 200 5 200 22.9% 1.21[0.36,4.02] 2018 —_—
Subtotal (95% CI) 200 200 22.9% 1.21[0.36, 4.02] e
Total events B 5
Heterogeneity: Not applicable
Test for overall effect: Z=0.31 (P = 0.76)
Total (95% CI) 375 379 100.0% 1.67[0.94, 2.98] -
Total events 34 22
Heterogeneity: Tau®= 0.00; Chi*= 0.69, df=2 (P = 0.71); F= 0% 0.0:05 0?1 150 250
Testfor overall effect: = 1.76 (P:, 0.08) Favours [3-porttechnique] Favours [4-porttechnique]
Test for subaroup differences: Chi*= 0.37, df=1 (P=0.54), F=0%
(h) Port site infection
3-port technique  4-port technique Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
9.1.1 Randomised controlled trials
Khorgami 2014 0 30 0 30 Not estimable 2014
Reshie 2015 2 100 0 100 49% 5.10(0.24,107.62] 2015 e
Eroler 2018 1 30 1 0 57% 1.00[0.06,16.76] 2016 —
Shah 2017 1 30 1 0 57% 1.00[0.06,16.76] 2017
Kumar 2018 3 52 2 52 13.5% 1.53[0.25,9.56] 2018
Koirala 2018 7 123 8 94 41.1% 0.65[0.23,1.86] 2019
Mohamed 2020 1 45 1 49 5.8% 1.09[0.07,17.97] 2020
Subtotal (95% CI) 410 385 76.7% 0.95[0.44, 2.06]
Total events 15 1
Heterogeneity. Tau®= 0.00; Chi*=1.96, df= 5 (P = 0.85); F= 0%
Test for overall effect Z= 012 (P=0.91)
9.1.2 Observational studies
Al-Azawi 2007 4 283 4 212 233% 0.75[0.18,3.02] 2007 I
Subtotal (95% CI) 283 212 233% 0.75[0.18,3.02] ——eif—
Total events 4 4
Heterogeneity: Not applicable
Test for overall effect: Z=0.41 (P = 0.68)
Total (95% CI) 693 597 100.0% 0.90[0.46, 1.77]
Total events 19 17
Heterogeneity: Tau®= 0.00; Chi*= 2.05, df= 6 (P = 0.91); F= 0% D:UDZ 011 ] 1=D 5010
Testfor overall effec_t Z=030(P=0.76) Favours [3-porttechnique] Favours [4-porttechnigue]
Testfor subaroup differences: Chi*= 0.08, df=1 (P = 0.76), F= 0%
. . .
(i) Port site hernia
3-porttechnique  4-port technique Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl _Year M-H, Random, 95% CI
8.1.1 Randomised controlled trials
Khargami 2014 1 30 1} 30 31% 0.03[-0.05,012] 2014
Reshie 2015 0 100 1} 100 64.5% 0.00[-0.02,0.02] 2015
Kumar 2018 1} 52 1} 52 17.8% 0.00 [-0.04,0.04] 2018
Mohamed 2020 1} 45 1} 49 146% 0.00 [-0.04,0.04] 2020
Subtotal (95% CI) 227 231 100.0% 0.00 [-0.01, 0.02]
Total events 1 o

Heterogeneity: Tau*= 0.00; Chi*= 0.71, df= 3 (P=0.87); F=0%

Test for overall effect: Z=0.13 (P = 0.89)

Total (95% CI) 227

Total events

1
Heterogeneity: Tau®= 0.00; Chi*= 0.71, df= 3 (P=0.87); F=0%

Test for overall effect: Z=0.13 (P = 0.89)
Testfor subgroun differences: Not applicable

Bile duct injury
All studies

Analysis of 2310 patients from 14 studies showed no differ-
ence in the risk of bile duct injury between the two groups
(RD: 0.00, 95% CI—-0.01 to 0.01, P=0.97). The level of
between-study heterogeneity was low (I>=0%, P =1.00).
The likelihood of publication bias was low based on funnel
plot.

@ Springer
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231 100.0% 0.00 [-0.01,0.02]

0z 01 0 01 02
Favours [3-porttechnique] Favours [4-porttechnique]

Randomised controlled trials

Analysis of 1160 patients from 10 RCTs showed no differ-
ence in the risk of bile duct injury between the two groups
(RD: 0.00, 95% CI—0.01 to 0.01, P=0.89). The level of
between-study heterogeneity was low (I>=0%, P =1.00).
The GRADE certainty of the evidence was judged to be
high (Supplementary Table le).
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Fig.3 (continued)

Observational studies

(j) Port site haematoma

3-port technique
Study or Subgroup Events Total
15.1.1 Randomised controlled trials

Reshie 2015 ) 100
Kumar 2018 2 52
Mohamed 2020 1 45
Subtotal (95% CI) 197

Total events

4-port technique

Events

Risk Difference

Total Weight M-H, Random, 95% CI _Year

Risk Difference
M-H, Random, 95% CI

100 429% 0.00[-0.02,0.02] 2015
52 29% 0.00[0.07,0.07] 2018
49 33% -0.02[-0.09,0.05] 2020

201 49.1% -0.00[-0.02, 0.02]

3 4
Heterogeneity: Tau®= 0.00; Chi*= 0.37, df= 2 (P = 0.83); F= 0%

Test for overall effect: Z= 0.13 (P = 0.89)

15.1.2 Observational studies

Al-Azawi 2007 0 283
Subtotal (95% CI) 283
Total events o

Heterogeneity: Not applicable
Testfor overall effect: Z=1.56 (P=0.12)

Total (95% CI) 480
Total events 3

3

7

212 50.9% -0.01[-0.03,0.00] 2007
212 50.9% -0.01[-0.03, 0.00]
413 100.0% -0.01[-0.02, 0.00]

Heterogeneity: Tau®= 0.00; Chi*=1.34, df=3 (P=0.72); F= 0%

Testfor overall effect: Z=1.21 (P=0.23)

Test for subaroup differences: Chi*=1.00, df=1 (P = 0.32), F= 0%

(K) Port site seroma

E

on

4

0z 01 01 02
Favours [3-porttechnique] Favours [4-porttechnigue]

Risk Difference
M-H, Random, 95% CI

3-porttechnique  4-port technique Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI _Year
16.1.1 Randomised controlled trials
Reshie 2015 2 100 2 100 100.0% 0.00[-0.04,0.04] 2015
Subtotal (95% CI) 100 100 100.0% 0.00[-0.04, 0.04]
Total events 2 2
Heterogeneity: Not applicable
Test for overall effect: Z=0.00 (P = 1.00)
Total (95% CI) 100 100 100.0% 0.00[-0.04, 0.04]
Total events 2 2

Heterogeneity: Not applicable
Test for overall effect: Z=0.00 (P = 1.00)

Test for subaroup differences: Not applicable

3-port technique
Study or Subgroup Events Total
10.1.1 Randomised controlled trials

Eroler 2016 0 30
Shah 2017 0 30
Subtotal (95% CI) 60

Total events

(1) Need for reoperation

4-port technique
Events

02 01
Favours [3-porttechnique] Favours [4-porttechnique]

0 01 02

0 0
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P = 1.00), F= 0%

Test for overall effect: Z=0.00 (P = 1.00)

10.1.2 Observational studies

Hashimato 2011 0 18
Akay 2019 1 200
Subtotal (95% CI) 218

Total events

1
1

2

Risk Difference Risk Difference
Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% C1
30 43% 0.00 [-0.06,0.06] 2016
30 43% 0.00 [-0.06,0.06] 2017
60 8.7% 0.00 [-0.04, 0.04]
37 19%  -0.03}012,007 2011
200 89.4% 0.00[-0.01,0.01] 2019
237 91.3% -0.00 [-0.01, 0.01]

1
Heterogeneity: Tau®= 0.00; Chi*=0.42, df=1 (P=0.52), F= 0%

Test for overall effect Z=0.08 (P = 0.94)

Total (95% CI) 278
Total events

2

297 100.0% -0.00[-0.01,0.01]

1
Heterogeneity: Tau®= 0.00; Chi*=0.38, df= 3 (P = 0.94), F= 0%

Test for overall effect Z=0.08 (P = 0.94)

Test for subaroup differences: Chi*= 0.00, df=1 (P =0.98), F= 0%

3-port technique

4-port technique

(m) VAS pain score at 12 hours postoperatively

Mean Difference

-01 01
Favours [3-porttechnique] Favours [4-porttechnique]

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
11.1.1 Randomised controlled trials

Kumar 2007 219 1.06 3|/ 291 1.2 39 17.6% -0.72[1.23,-0.21] 2007 I —

Harsha 2013 22 1108 25 296 0841 25 155% -0.76[1.31,-0.21] 2013

Khorgami 2014 42 12 30 46 16 30 90% -040[1.12,032] 2014 ——
Reshie 2015 458 0971 100 526 1.259 100 47.4% -068(099,-0.37] 2015 ——

Sharma 2015 223 191 30 3.04 189 30 55% -0.81[1.72,010] 2015 T

Mirza 2017 3481 213 39 376 22 39 50% -025[1.21,071] 2017 R
Subtotal (95% CI) 260 263 100.0% -0.66 [-0.87,-0.45] -

Heterogeneity: Tau*= 0.00; Chi*=1.51,df=5 (P=0.91), F=0%

Test for overall effect Z=6.03 (P < 0.00001)

Total (95% CI) 260 263 100.0% -0.66 [-0.87,-0.45] -

Heterogeneity: Tau®= 0.00; Chi*=1.51, df= 5 (P = 0.91); F= 0% _52 _51 + 5

Test for overall effect Z=6.03 (P < 0.00001)
Testfor Not

Analysis of 1150 patients from four observational studies
showed no difference in the risk of bile duct injury between

Favours [3-porttechnique] Favours [4-porttechnique]

the two groups (RD: —0.00, 95% CI—0.01 to 0.01, P=0.88).
The level of between-study heterogeneity was low (I*=0%,
P=0.79). The GRADE certainty of the evidence was judged
to be high (Supplementary Table le).
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Fig.3 (continued)

3-port technique

4-port technique

(n) VAS pain score at 24 hours postoperatively

Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
12.1.1 Randomised controlled trials

Khorgami 2014 21 1.2 30 25 1.2 30 50% -0.40[1.01,021]

Kumar 2007 222 1 36 244 1 39 9.0% -0.22[067,023] —
Kumar 2018 26 0.4 52 32 08 52 478% -0.60[-0.80,-0.40] ——

Reshie 2015 1.94 0.867 100 25 0707 100 382% -0.56[-0.78,-0.34] —

Subtotal (95% CI) 218 221 100.0% -0.54[-0.68,-0.41] -

Heterogeneity: Tau®= 0.00; Chi*= 2.51, df= 3 (P = 0.47); F= 0%

Test for overall effect. Z=7.82 (P < 0.00001)

Total (95% CI) 218 221 100.0% -0.54[-0.68,-0.41] -

Heterogeneity: Tau®= 0.00; Chi*=2.51, df=3 (P =047), F=0% 51 n? 5 D}

Test for overall effect: Z=7.82 (P < 0.00001)

Test for subaroup differences: Not applicable

(0) Length of hospital stay

3-port technique
Study or Subgroup  Mean
13.1.1 Randomised controlled trials

4-port technique
SD _Total Mean

Kumar 2007 119 0.06 36 1.44
Harsha 2013 1.72 0678 25 224
Khorgami 2014 11 04 30 1.2
Eroler 2016 1.2 048 30 16
Mirza 2017 213 057 39 217
Kumar 2018 16 0425 52 19
Mohamed 2020 117 013 45 132
Subtotal (95% CI) 257

Heterogeneity: Tau®= 0.00; Chi*= 13.66, df=6 (P = 0.03); F= 56%

Test for overall effect Z=5.11 (P < 0.00001)

13.1.2 Observational studies
Akay 2019 1.98
Subtotal (95% CI)

Heterogeneity. Not applicable
Testfor overall effect: Z= 8.57 (P < 0.00001)

117 200

200

Total (95% CI) 457

1.18

+
5 1
Favours [3-porttechnique] Favours [4-porttechnigue]

Mean Difference Mean Difference

SD_Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
017 39 152% -0.25[-0.31,-0.19] 2007 -
04623 25 109% -0.52[0.86,-0.18] 2013 —_—
0.4 30 134% -010[-030,010] 2014 -
237 30 41%  -0.40[1.27,047) 2016 —
0.34 39 133% -0.04[-025017 2017 -
023 52 145% -030[043,-017] 2018 -
0.1 49 151% -0.15[-0.22,-0.08] 2020 -
264 86.3% -0.21[-0.29,-0.13] ¢
0.61 200 13.7% 0.80[0.62,0.98] 2019 —_
200 13.7%  0.80[0.62,0.98] L 2
464 100.0%  -0.09[-0.29,0.12]

*

Heterogeneity: Tau®= 0.07; Chi*= 126.15, df= 7 (P < 0.00001); *= 94% t + T + +

Test for overall effect: Z= 0.83 (P = 0.41)

-2 -1 0 1 2
Favours [3-port technique] Favours [4-port technique]

Testfor subaroup differences: Chi*= 88.11, df=1 (P < 0.00001), F= 93.0%

(p) Time to return to normal activities

3-port technique

4-port technique

Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
14.1.1 Randomised controlled trials

Kumar 2007 49 085 36 58 195 39 222% -090[F1.57,-0.23] 2007 —

Kumar 2018 4.26 07 52 5.6 09 52 26.7% -1.34[1.85-1.03] 2018 -

Bari 2019 8.02 0553 50 816 0681 50 27.3% -0.14[0.38,010] 2019

Mohamed 2020 49 092 45 57 175 49 238% -0.80[1.36,-0.24] 2020 —

Subtotal (95% CI) 183 190 100.0% -0.79[-1.47,-0.10] B
Heterogeneity: Tau®= 0.43; Chi*= 36.73, df= 3 (P < 0.00001); F= 92%

Testfor overall effect: Z=2.25 (P = 0.02)

Total (95% CI) 183 190 100.0% -0.79[-1.47,-0.10] ~f
Heterogeneity: Tau®= 0.43; Chi*= 36.73, df= 3 (P < 0.00001); F= 92% =4 752 T b

Test for overall effect Z= 2.25 (P = 0.02)

Testfor differences: Not

latrogenic visceral injury
All studies

Analysis of 973 patients from seven studies showed no
difference in the risk of iatrogenic visceral injury between
the two groups (RD:—0.00, 95% CI—0.01 to 0.01,
P =0.83). The level of between-study heterogeneity was
low (I>=0%, P=0.95).

Randomised controlled trials

Analysis of 518 patients from five RCTs showed no differ-
ence in the risk of iatrogenic visceral injury between the
two groups (RD: —0.00, 95% CI—-0.02 to 0.01, P=0.81).
The level of between-study heterogeneity was low (I>=0%,
P=0.89). The GRADE certainty of the evidence was judged
to be high (Supplementary Table 1f).
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Observational studies

Analysis of 455 patients from two observational studies
showed no difference in the risk of iatrogenic visceral injury
between the two groups (RD: —0.00, 95% CI—0.01 to 0.01,
P =0.94). The level of between-study heterogeneity was low
(’=0%, P=0.52). The GRADE certainty of the evidence
was judged to be high (Supplementary Table 1f).

Bile or stone spillage

All studies

Analysis of 754 patients from four studies showed no dif-
ference in the risk of bile or stone spillage between the two

groups (OR: 1.67, 95% CI 0.94-2.98, P=0.08). The level
of between-study heterogeneity was low (I>=0%, P=0.71).
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Randomised controlled trials

Analysis of 354 patients from three RCTs showed no dif-
ference in the risk of bile or stone spillage between the
two groups (OR: 1.85, 95% CI 0.96-3.55, P=0.07). The
level of between-study heterogeneity was low (I>=0%,
P=0.57). The GRADE certainty of the evidence was
judged to be high (Supplementary Table 1g).

Observational studies

Analysis of 400 patients from one observational study
showed no difference in the risk of bile or stone spillage
between the two groups (OR: 1.21, 95% CI 0.36-4.02,
P=0.76). The GRADE certainty of the evidence was
judged to be low (Supplementary Table 1g).

Port site infection
All studies

Analysis of 1290 patients from eight studies showed no differ-
ence in the risk of port site infection between the two groups
(OR: 0.90,95% CI10.46-1.77, P=0.76). The level of between-
study heterogeneity was low (I*=0%, P=0.91).

Randomised controlled trials

Analysis of 795 patients from seven RCTs showed no differ-
ence in the risk of port site infection between the two groups
(OR: 0.95,95% C10.44-2.06, P=0.91). The level of between-
study heterogeneity was low (>=0%, P=0.85). The GRADE
certainty of the evidence was judged to be high (Supplemen-
tary Table 1h).

Observational studies

Analysis of 495 patients from one observational study showed
no difference in the risk of port site infection between the two
groups (OR: 0.75,95% CI1 0.18-3.02, P=0.68). The GRADE
certainty of the evidence was judged to be moderate (Sup-
plementary Table 1h).

Port site hernia

All studies

Analysis of 458 patients from four studies showed no differ-
ence in the risk of port site hernia between the two groups

(RD: 0.00, 95% CI—0.01 to 0.02, P=0.89). The level of
between-study heterogeneity was low (I>=0%, P=0.87).

Randomised controlled trials

Analysis of 458 patients from four RCTs showed no difference
in the risk of port site hernia between the two groups (RD:
0.00, 95% CI—0.01 to 0.02, P=0.89). The level of between-
study heterogeneity was low (/>=0%, P=0.87). The GRADE
certainty of the evidence was judged to be high (Supplemen-
tary Table 1i).

Observational studies

This outcome was not reported by observational studies.
Port site haematoma

All studies

Analysis of 893 patients from four studies showed no dif-
ference in the risk of port site haematoma between the two
groups (RD: —-0.01, 95% CI—0.02 to 0.00, P=0.23). The
level of between-study heterogeneity was low (I*=0%,
P=0.72).

Randomised controlled trials

Analysis of 398 patients from three RCTs showed no dif-
ference in the risk of port site haematoma between the two
groups (RD: —0.00, 95% CI—0.02 to 0.02, P=0.89). The
level of between-study heterogeneity was low (I*=0%,
P=0.83). The GRADE certainty of the evidence was judged
to be high (Supplementary Table 1j).

Observational studies

Analysis of 495 patients from one observational study
showed no difference in the risk of port site haematoma
between the two groups (RD: —0.01, 95% CI—0.03 to 0.00,
P=0.12). The GRADE certainty of the evidence was judged
to be moderate (Supplementary Table 1j).

Port site seroma

All studies

Analysis of 200 patients from one study showed no differ-
ence in the risk of port site seroma between the two groups
(RD: 0.00, 95% CI—0.04 to 0.04, P=1.00).

Randomised controlled trials

Analysis of 200 patients from one RCT showed no differ-

ence in the risk of port site seroma between the two groups
(RD: 0.00, 95% CI—0.04 to 0.04, P=1.00). The GRADE
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certainty of the evidence was judged to be moderate (Sup-
plementary Table 1k).

Observational studies

This outcome was not reported by observational studies.
Need for reoperation

All studies

Analysis of 575 patients from four studies showed no dif-
ference in the need for reoperation between the two groups
(RD: -0.00, 95% CI-0.01 to 0.01, P=0.94). The level of
between-study heterogeneity was low (I>=0%, P=0.94).

Randomised controlled trials

Analysis of 120 patients from two RCTs showed no differ-
ence in the need for reoperation between the two groups
(RD: 0.00, 95% CI—0.04 to 0.04, P=1.00). The level of
between-study heterogeneity was low (I*=0%, P=1.00).
The GRADE certainty of the evidence was judged to be
moderate (Supplementary Table 11).

Observational studies

Analysis of 455 patients from two observational studies
showed no difference in the need for reoperation between the
two groups (RD: —0.00, 95% CI—0.01 to 0.01, P=0.94).
The level of between-study heterogeneity was low (I* =0%,
P=0.52). The GRADE certainty of the evidence was judged
to be moderate (Supplementary Table 11).

VAS pain score at 12 h postoperatively
All studies

Analysis of 523 patients from six studies showed lower
VAS pain score at 12 h postoperatively in the 3-port group
(MD: —-0.66, 95% CI—-0.87 to 0.45, P <0.00001). The level
of between-study heterogeneity was low (>=0%, P=0.91).

Randomised controlled trials

Analysis of 523 patients from six RCTs showed lower
VAS pain score at 12 h postoperatively in the 3-port group
(MD: —0.66,95% CI—0.87 to 0.45, P <0.00001). The level
of between-study heterogeneity was low (I>=0%, P=0.91).
The GRADE certainty of the evidence was judged to be high
(Supplementary Table 1m).
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Observational studies

This outcome was not reported by observational studies.

VAS pain score at 24 h postoperatively
All studies

Analysis of 439 patients from four studies showed lower
VAS pain score at 24 h postoperatively in the 3-port group
(MD: —0.54,95% CI—-0.68 to 0.41, P <0.00001). The level
of between-study heterogeneity was low (I =0%, P=0.47).

Randomised controlled trials

Analysis of 439 patients from four RCTs showed lower
VAS pain score at 24 h postoperatively in the 3-port group
(MD: - 0.54, 95% CI — 0.68 to 0.41, P <0.00001). The
level of between-study heterogeneity was low (I*>=0%,
P=0.47). The GRADE certainty of the evidence was
judged to be high (Supplementary Table 1n).

Observational studies

This outcome was not reported by observational studies.

Length of hospital stay
All studies

Analysis of 921 patients from eight studies showed no
difference in length of hospital stay between the two
groups (MD: —0.09, 95% CI — 0.29t0 0.12, P=0.41). The
level of between-study heterogeneity was high (I* =94%,
P <0.00001).

Randomised controlled trials

Analysis of 521 patients from seven RCTs showed shorter
length of hospital stay in the 3-port group (MD: —0.21,
95% CI — 0.29 t0 0.13, P <0.00001). The level of between-
study heterogeneity was moderate (I>=56%, P=0.03).
The GRADE certainty of the evidence was judged to be
high (Supplementary Table 10).
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Observational studies

Analysis of 400 patients from one observational study
showed longer length of hospital stay in the 3-port group
(MD: 0.80, 95% CI 0.62-0.98, P <0.00001). The GRADE
certainty of the evidence was judged to be low (Supple-
mentary Table 10).

Time to return to normal activities
All studies

Analysis of 373 patients from four studies showed shorter
time to return to normal activities in the 3-port group
(MD: —-0.79, 95% CI—1.47 to 0.10, P =0.02). The level
of between-study heterogeneity was high (I*>=92%,
P <0.00001).

(a) Operative time

Alpha-spending Boundaries is a Two-sided graph

Alpha-spending Roundaries = 796

Alpha-spending Boundaries is a Two-sided graph

Alpha-spending Boundaries = 796

Fig.4 Results of trial sequential analysis model: a operative time; b
conversion to open operation; ¢ gallbladder perforation; d bleeding
from gallbladder bed; e bile duct injury; f iatrogenic visceral injury; g

Randomised controlled trials

Analysis of 373 patients from four RCTs showed shorter
time to return to normal activities in the 3-port group
(MD: —-0.79,95% CI — 1.47 to 0.10, P =0.02). The level
of between-study heterogeneity was high (I*=92%,
P <0.00001). The GRADE certainty of the evidence was
judged to be high (Supplementary Table 1p).

Observational studies

This outcome was not reported by observational studies.

(b) Conversion to open operation

Alpha-spen

a Two-sided graph

Cumulative
7-Score

Alpha-spending Boundarics is a Two-sided graph

mulative
Scors

Alpha-spending Boundaries = 872

port site infection; h VAS pain score at 12 h postoperatively; i length
of hospital stay
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(c) Gallbladder perforation

Alpha-spending Bondarics is a Two-sided graph

Alpha-spending Bondaries = 872

Alpha-spending Bondarics is a Two-sided graph

Alpha-spending Bondaries = 872

Fig.4 (continued)

Additional analyses
Sensitivity analyses

Elimination of one study at a time from the analyses did not
change the effect size and overall heterogeneity for any of
the outcomes except length of hospital stay, where removal
of a single observational study (Akay et al. [21]) changed
the direction of the effect size in favour of 3-port group and
reduced the heterogeneity significantly. Therefore, consider-
ing that Akay et al. [21] is an outlier in analysis of length of
hospital stay, the results of the analysis without Akay et al.
[21] is more robust. Independent calculation of RR and risk
difference RD for dichotomous outcomes did not affect the
results for any of the outcomes. Finally, separate analyses
of studies with low overall risk of bias did not change the
effect size and overall heterogeneity for any of the outcomes
except length of hospital stay, where removal of a single
observational study (Akay et al. [21]) changed the direction
of the effect size in favour of 3-port group.
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(d) Bleeding from gallbladder bed

Alpha-spending Boundaries is a Two-sided graph

Alpha-s;

——

Alpha-spending Boundarics is a Two-sided graph

Alpha-spending Boundaries = 872

Z-curve

T
764

Subgroup analyses

The results of subgroup analyses based on randomised con-
trolled trials and observational studies have been reported in
the outcomes section. The available data from the included
studies were not adequate for subgroup analysis based on
emergency procedures.

Results of trial sequential analysis model (Fig. 4).

Operative time

The information size for operative time was calculated at
796 patients. The conventional boundaries were not crossed
by Z-curve after the information size was reached and the
absolute number for penalised Z value remained smaller than
1.96 in both sides; therefore, the meta-analysis was conclu-
sive and the risk of type 2 error was minimal.
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(e) Bile duct injury (f) Iatrogenic visceral injury
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Fig.4 (continued)

Conversion to open operation

The information size for conversion to open operation
was calculated at 872 patients. The conventional bounda-
ries were not crossed by Z-curve after the information size
was reached and the absolute number for penalised Z value
remained smaller than 1.96 in both sides; therefore, the
meta-analysis was conclusive and the risk of type 2 error
was minimal.

Gallbladder perforation

The information size for gallbladder perforation was calcu-
lated at 872 patients. The information size was not reached
for this outcome and the conventional boundaries, alpha-
spending boundaries, and futility boundaries were not
crossed by Z-curve; therefore, the meta-analysis was not
conclusive and the risk of type 2 error cannot be excluded.

-1 patients
(Lincar scaled)

Bleeding from gallbladder bed

The information size for bleeding from gallbladder bed
was calculated at 872 patients. The information size was
not reached for this outcome. The conventional boundaries
and alpha-spending boundaries were not crossed by Z-curve
but the futility boundaries were crossed by Z-curve and the
absolute number for penalised Z value remained smaller than
1.96 in both sides; therefore, the meta-analysis was conclu-
sive and the risk of type 2 error was minimal.

Bile duct injury

The information size for bile duct injury was calculated at
872 patients. The conventional boundaries were not crossed
by Z-curve after the information size was reached and the
absolute number for penalised Z value remained smaller than
1.96 in both sides; therefore, the meta-analysis was conclu-
sive and the risk of type 2 error was minimal.
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(g) Port site infection
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Fig.4 (continued)

latrogenic visceral injury

The information size for iatrogenic visceral injury was cal-
culated at 933 patients. The information size was not reached
for this outcome. The conventional boundaries and alpha-
spending boundaries were not crossed by Z-curve but the
futility boundaries were crossed by Z-curve and the absolute
number for penalised Z value remained smaller than 1.96 in
both sides; therefore, the meta-analysis was conclusive and
the risk of type 2 error was minimal.

Port site infection

The information size for port site infection was calculated at
872 patients. The information size was not reached for this
outcome. The conventional boundaries and alpha-spending
boundaries were not crossed by Z-curve but the futility
boundaries were crossed by Z-curve and the absolute num-
ber for penalised Z value remained smaller than 1.96 in both
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(h) VAS pain score at 12 hours postoperatively
Alpha-spending Boundarics is a Two-sided graph
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sides; therefore, the meta-analysis was conclusive and the
risk of type 2 error was minimal.

VAS pain score at 12 h postoperatively

The information size for VAS pain score at 12 h postopera-
tively was calculated at 226 patients. The Z-curve crossed
the conventional boundaries in favour of 3-port technique
after the information size was reached and the penalised Z
value remained greater than 1.96; therefore, the meta-analy-
sis was conclusive and the risk of type 1 error was minimal.

Length of hospital stay

The information size for length of hospital stay was calcu-
lated at 318 patients. The Z-curve crossed the conventional
boundaries in favour of 3-port technique after the informa-
tion size was reached and the penalised Z value remained
greater than 1.96; therefore, the meta-analysis was conclu-
sive and the risk of type 1 error was minimal.
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(i) Length of hospital stay
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Fig.4 (continued)

Discussion

In this study we compared outcomes of three-port and four-
port laparoscopic cholecystectomy using meta-analytical and
trial sequential analytical models. Analysis of 2524 patients

from 17 comparative studies showed that three-port lapa-
roscopic cholecystectomy is comparable with the four-port
technique in terms of procedural and morbidity outcomes
and may be associated with less postoperative pain, shorter
length of hospital stay and shorter time to return to normal
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activities. The results remained consistent through sensitiv-
ity analyses and separate analyses of randomised and non-
randomised studies. TSA confirmed that the meta-analysis
was conclusive with no significant risks of type 1 or type
2 error. The overall quality of the available evidence was
moderate to high and the GRADE certainty of the available
evidence was judged to be high.

The results of current study suggest that omitting the
lateral or forth port from the standard four-port laparo-
scopic cholecystectomy technique does not have negative
impact on procedural outcomes. On the other hand, our
results suggest that reducing the number of ports from
four to three results in less postoperative pain for patients
which subsequently explains the shorter length of hos-
pital stay and shorter time to return to normal activities.
Although less postoperative pain is an important finding,
it is debatable whether shorter hospital stay is clinically
important as nowadays most cases of elective laparoscopic
cholecystectomy are done as day case procedure.

There is currently no comprehensive meta-analysis in
the literature to compare our findings with. Sun et al.[28]
conducted a meta-analysis in 2009 including five compara-
tive studies which reported operative time, success rate,
postoperative analgesia requirement, and length of hospital
stay as outcome measures. [28] Consistent with our find-
ings, Sun et al. reported comparable operative time and
success rate between three-port and four-port techniques.
Unlike the current study, Sun et al. found no difference
between the two groups in terms of analgesia requirement
and length of hospital stay [28]. However, as correctly
highlighted by the authors at the time of study, the quality
of the available evidence and the included studies were not
high [28]. In fact, in the current study we had to exclude
four out of five studies that had been included in the study
by Sun et al. [28] due to inadequate information about
their study designs. Owing to publication of adequate
number of randomised and non-randomised comparative
studies, the current study provides more robust compara-
tive evidence on outcomes of three-port and four-port
laparoscopic cholecystectomy.

The safety of three-port laparoscopic cholecystectomy in
emergency setting and in cases with complicated gallstone
disease remains unanswered in this study as the included
population in current study underwent laparoscopic chol-
ecystectomy predominantly for uncomplicated cholelithi-
asis or gallbladder polyp in elective or semi-elective set-
tings. It can be argued that the fourth port potentially plays
a significant role during laparoscopic cholecystectomy in
complicated and emergency cases, where severely inflamed
or scarred tissue can make tissue dissection more difficult
and the fourth port can be used for further retraction of
gallbladder.

@ Springer

The current study has strengths and limitations. The
strengths of the current study include systematic and objec-
tive approach in evidence synthesis, providing evidence
from 17 comparative studies of which 12 were randomised
controlled trials, low between-study heterogeneity for most
of the outcomes, consistency of results through additional
analyses, low risks of type 1 and type 2 errors as per trial
sequential analysis, and high certainty of evidence as per
GRADE system. The limitations of the current study include
inadequate data to perform subgroup analysis based on indi-
cations for cholecystectomy and based on emergency opera-
tions, inability to perform sensitivity analyses and TSA for
the outcomes reported by less than five studies, and inability
to assess publication bias for the outcomes reported by less
than 10 studies.

Conclusion

Robust evidence (Level 1 with high certainty) suggests
that in an elective setting with uncomplicated cholelithi-
asis as indication for cholecystectomy, three-port laparo-
scopic cholecystectomy is comparable with the four-port
technique in terms of procedural and morbidity outcomes
and may be associated with less postoperative pain, shorter
length of hospital stay and shorter time to return to nor-
mal activities. The comparative evidence in emergency
setting and in cases with complicated disease remains
unanswered.

Appendix |

Search No Search strategy®

#1 Three port: T,AB,KW

#2 Three-port: T, AB,KW

#3 3-Port: TLAB, KW

#4 3 Port: TLAB, KW

#5 #1 OR #2 OR #3 OR #4

#6 Four port: TLAB, KW

#7 Four-port: T, AB,KW

#8 4-Port: TLAB,KW

#9 4 Port: TLAB,KW

#10 Standard: TI,AB,KW

#11 Conventional: T, AB, KW

#12 #6 OR #7 OR #8 OR #9 OR #10 OR
#11

#13 MeSH descriptor: [laparoscopic chol-
ecystectomy] explode all trees

#14 Laparosco* near2 cholecystectomy:

TLAB, KW
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Search No Search strategy®

#15 Cholecystectomy: TLAB, KW
#16 #13 OR #14 OR #15

#17 #5 AND #11 AND #16

This search strategy was adopted for following databases: CINAHL,
EMBASE, MEDLINE, CENTRAL, and Scopus
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