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Introduction

Approximately 95,000 new cases of colon cancer and 40,000 
new cases of rectal cancer were diagnosed in the USA in  
2017 (1). Colonic diverticulosis has the highest prevalence in 
United States, Europe and Australia, where approximately 50% 

of the population over the age of 60 years have diverticulosis 
(2,3). Surgery is the main treatment for colorectal cancer and 
complicated colonic diverticular disease. Laparoscopic surgery 
is considered a gold standard treatment for colorectal resection 
(4-9) due to several advantages such as faster recovery of 
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bowel function, early feeding; lower post-operative pain, early 
mobilization and short hospital stay (10-12). Furthermore, the 
laparoscopic colorectal resections also offer similar long-term 
oncologic and survival outcomes as compared to open surgery 
(5,9,13-16). The clinical benefits of laparoscopic surgery seem 
to be due to the small incision in the abdominal wall, reduced 
bowel manipulation and thereby reduced surgical trauma (17).

Conventional laparoscopic surgery uses 3 to 6 ports of 
varying diameter at different location in the abdominal 
wall and a specimen extraction incision, with each port/
incision adding to surgical trauma related morbidity like 
pain, risk of bleeding, hernia and intra-peritoneal organ 
injury (18,19). To reduce these risks and to maximize the 
clinical benefits, single incision laparoscopic surgery (SILS) 
was developed. Published meta-analyses have supported 
the safety and efficacy of this innovative approach of 
SILS for appendicectomy and cholecystectomy (20,21). 
Potential benefits of SILS include better cosmesis, patient 
satisfaction, less post-operative pain and faster recovery. 
However, it increases the difficulty of the operation due 
to technical challenges of poor triangulation, instrument 
crowding and inadequate counter-traction (22-31). In spite 
of these obstacles, by using advanced technology several 
renowned colorectal centers in the world have reported the 
use of SILS for colorectal resections (23,32-38). Previously 
published systematic review and meta-analysis comparing 
the effectiveness of SILS versus traditional multi-incision 
laparoscopic surgery (MILS) have shown safety and 
feasibility of SILS (39-42) but these meta-analyses included 
non-randomized and retrospective comparative studies 
with significant bias and heterogeneity in study population. 
Hence the strength of clinical evidence from these meta-
analyses was weaker and biased.

The objective of this article is to evaluate the surgical 
outcomes in patients undergoing SILS versus MILS for 
colorectal resections using the principles of meta-analysis 
and analyse data from published randomized controlled 
trials (RCTs) to establish and validate best possible evidence 
to date.

Methods

Electronic data base search

Medline (via PubMed), Embase, Scopus, Cochrane 
Colorectal Cancer Group (CCCG) Controlled Trial 
Register, the Cochrane Central Register of Controlled 
Trials (CENTRAL) in the Cochrane Library and Science 

Citation Index Expanded were explored until December 
2017 to find relevant published RCTs. The search terms 
were constructed based on patients, interventions/
comparators, and outcomes as follows:
 Patients: colorectal cancer, colon cancer, rectal 

cancer, diverticular disease;
 Intervention/comparator: SILS, MILS, laparoscopic 

resection, minimal invasive surgery;
 Outcomes: duration of operation, length of stay 

in hospital, lymph nodes harvesting, morbidity, 
mortality, conversion, anastomotic leak, surgical site 
infection and re-operation.

The MeSH terms related to the colorectal cancer, 
SILS and MILS were identified from the PubMed and 
subsequently inserted in the search boxes of other electronic 
databases. Attempts to find extra trials were also made by 
the hand searching of the references of published studies.

Data management

Three reviewers (MSS, MH and WR) independently 
searched and selected studies and disagreements were 
resolved by consensus. Inclusion criteria were as follows: 
RCT in patients with colorectal disorders needing surgical 
resection; surgical resection was done by SILS versus MILS 
approach; and had at least one outcomes of interest as 
described above. The studies were included regardless of 
sample size, origin of study, age of the participant, gender 
of the participant and the language in which the study was 
published.

Interventions

Our interventions of interest were SILS versus MILS for 
colorectal resection for any reason.

Outcome of interest

We studied outcomes such as duration of operation, length 
of stay in hospital, lymph nodes harvesting, morbidity, 
mortality, conversion rate, anastomotic leak, surgical site 
infection and re-operation. These outcomes were defined 
according to the original studies.

Risk of bias assessment

The methodological quality of the included studies was 
assessed by MSS and MH as recommended by the Cochrane 
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Collaboration using the “Risk of Bias Assessment Tool”. 
This included random sequence generation, allocation 
concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, 
and selective outcome reporting. Disagreement was resolved 
by a third reviewer (WR). The critical appraisal tool to 
score the quality of included trials was also adopted from 
the published guidelines of Jadad et al. (43) and Chalmers  
et al. (44). The short summary of the resulting evidence was 
presented in a tabulated form by using tool GradePro® (45), 
provided by the Cochrane Collaboration.

Statistical analysis

The efficacy of SILS versus MILS was directly compared 
and pooled for each outcome of interest if there were at 
least two studies for each comparison. The risk ratio (RR) 
was estimated and pooled across studies using a random-
effect model. Heterogeneity was assessed using Cochrane 
Q test and I2 statistic. The statistical analysis of the data 
was conducted according to the guidelines provided by 
the Cochrane Collaboration including the use of RevMan 
5.3® statistical software, and the use of forest plots for the 
graphical display of the combined outcomes (46-52).

Results

Characteristics of selected trials:

A total of 194 studies were identified from Scopus and 
Medline and other electronic databases. Among them, 5 
RCTs (n=525), published between 2012 and 2018, were 
eligible for inclusion (17,22,37,53,54); and the reasons for 
ineligibility are described in PRISMA flow chart Figure 1. 
The salient characteristics of included trials are described 
in Table 1. Table 2 highlights the operative technique used in 
both approaches. All 5 RCTs had two intervention arms, i.e., 
SILS versus MILS (N=265, n=260). The extracted data from 
the included trials is given in Table 3 and this data was used to 
achieve the summated outcome for overall effect size.

Risk of bias in selected studies

The reported quality variables in included trials are given in 
Table 4. Summary of the evidence analysed in the GRADE-Pro 
tool is given in Figure 2 denoting the high quality of evidence 
based upon outcomes as per protocol scoring systems. Among 
5 studies, 90% were considered at low risk of bias due to 
the presence of random sequence generation, allocation 
concealment (selection bias), blinding of participants, blinding 

Records after duplicates removed (n=74)
Records excluded 

(n=48) 
Causes: irrelevant

Full-text articles excluded, 
with reasons (n=21)
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Other reviews 5
Other technique reviews 16
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Figure 1 PRISMA flow diagram.
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Table 1 Characteristics of included randomized controlled trials

Study Patients M:F Age (years) BMI (kg/m
2
) Surgical indications Surgical procedure

Huscher 2012 (37) Colorectal cancer Right colectomy, left 
colectomy

SILS 16 6:10 70 22.6

MILS 16 9:7 70 22.6

Kang 2017 (53) Colorectal cancer Right colectomy, 
anterior resection

SILS 31 19:12 63.2 24

MILS 31 16:15 62.2 24.5

Kang 2018 (17) Colorectal cancer Right colectomy, 
anterior resection

SILS 93 50:43 62.4 24.4

MILS 88 51:37 62.3 24.2

Poon 2012 (22) Both benign and 
malignant colorectal 
conditions

Right colectomy, left 
colectomy, anterior 
resection

SILS 25 14:11 67 23.2

MILS 25 18:7 67 23.6

Watanabe 2016 (54) Colorectal cancer Right colectomy, left 
colectomy, anterior 
resection

SILS 100 56:44 66.7 23.1

MILS 100 56:44 66.6 23.2

SILS, single incision laparoscopic surgery; MILS, multi-incision laparoscopic surgery.

Table 2 Surgical techniques used in both groups

Study SILS Conventional

Huscher 
2012 (37)

Single transumbilical 2 cm incision with 3 channel port 
device; 3 suspending transparietal stitches for retraction 
purposes

Three 10–12 mm ports with intra corporeal anastomosis; 
specimen extraction through 4 cm suprapubic minilaparotomy 
or colpotomy in women for right colon and through 4 cm RIF 
minilaparotomy for left colon

Kang 
2017 (53)

Transumbilical 3–4 cm incision; single port device 
(Octoport

®
 or SILS

®
) installed; extraction through umbilical 

incision

Four trocars: 10 mm in the supraumbilical area, 12 mm in 
RLQ, 2 mm × 5 mm in RUQ & LLQ respectively; supraumbilical 
incision extended to umbilicus for extraction

Kang 
2018 (17)

Participating surgeon had done at least 50 SPLS; single 
transumbilical incision; SILS™ port or OCTOport

®
 

10 mm transumbilical port and 3–4 additional ports as per 
surgeon’s preference; transumbilical port wound extended for 
extraction

Poon 
2012 (22)

2 cm vertical transumbilical incision; tri-port access 
system or OCTO™ single port system used; transumbilical 
extraction of specimen

Four ports: 10 mm subumbilical camera port, one 12 mm 
and 2 mm × 5 mm instrument ports; 3–4 cm abdominal wall 
incision for extraction

Watanabe 
2016 (54)

5 surgeons with median 16 case experience; 2–3 cm 
incision in the umbilicus and multichannel access device 
fitted; additional 12 mm trocar in selected rectal resections

Five ports: 12 mm in the umbilicus, 5 mm in RUQ, LUQ, LLQ 
and a 12 mm in RLQ; wound length less than 8 cm
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Table 3 The extracted data used for meta-analysis

Study
Operation time 

(minutes)
Conversion, 

n
Stay 

(days)
Mortality, 

n
Complications, 

n
Leak/abd 

abscess, n
SSI, n

Re-operation, 
n

Lymph nodes, 
n

Huscher 2012 (37)

SILS 146±61 1/16 6±3 0/16 3/16 0/16 1/16 0/16 18±6

MILS 129±46 0/16 7±2 0/16 5/16 1/16 2/16 1/16 16±5

Kang 2017 (53)

SILS 134.9±48.3 6/31 6.8±1.9 1/31 9/31 0/31 0/31 0/31 23.7±14.4

MILS 130.9±34.2 0/31 6.5±1.4 0/31 4/31 0/31 1/31 0/31 20.1±8.9

Kang 2018 (17)

SILS 189.4±80.5* 14/93 7±4.75 0/93 18/94 0/93 4/93 1/93 25±12*

MILS 170.4±85* 0/88 7.5±8 0/88 15/88 1/88 4/88 3/88 23.1±12.75*

Poon 2012 (22)

SILS 155±36 0/25 4±1 0/25 1/25 0/25 1/25 0/25 16±6

MILS 124±36.5 0/25 5±1 0/25 3/25 0/25 2/25 0/25 20±8

Watanabe 2016 (54)

SILS 156±37 1/100 6±0.25* 0/100 12/100 2/100 0/100 3/100 25.5±11.4

MILS 162±36 2/100 6±0.25* 0/100 15/100 4/100 3/100 3/100 24.1±11

*, the standard deviation was either estimated from range value or P value. SILS, single incision laparoscopic surgery; MILS, multi-incision 
laparoscopic surgery

Table 4 The relevant quality indicators reported in the included trials

Study Randomization technique Blinding Concealment Intention to treat analysis Trial registration Ethics approval

Huscher 2012 (37) Controlled stratified 
randomisation

Yes Yes Yes Not reported Not reported

Kang 2017 (53) Computerised 
randomisation

No Yes Yes US National 
Institute of Health

Yes

Kang 2018 (17) Web based registration No Yes Yes ClinicalTrials.gov Yes

Poon 2012 (22) Computer generated 
Block randomisation

Yes Yes Yes ClinicalTrial.gov Yes

Watanabe 2016 (54) Computerised 
randomisation

No No Yes Japanese Clinical 
Trials Registry

Yes

of outcome assessment (performance bias), data management 
(attribution bias), incomplete outcome data (detection bias) 
and selective outcome reporting (reporting bias).

Operation time for SILS versus MILS

There was significant heterogeneity [Tau2 =0.07, chi2 
=10.77, df =4 (P=0.03); I2 =63%] among included trials. 

Therefore, in the random effects model (SMD, 0.20; 95% 
CI, −0.11 to 0.52; z=1.28; P=0.20; Figure 3) analysis, the 
duration of operation was not influenced by the surgical 
approach for colorectal resections.

Duration of hospitalization following SILS versus MILS

There was significant heterogeneity [Tau2 =0.08, chi2 
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Single incision laparoscopic surgery compared to multi-incision laparoscopic surgery for colorectal resections

Patient or population: patients with colorectal resections 
Settings: 
Intervention: Single incision laparoscopic surgery 
Comparison: Multi-incision laparoscopic surgery

Outcomes Illustrative comparative risks
*
 (95% CI) Relative effect 

(95% CI)
No. of 
participants 
(studies)

Quality 
of the 
evidence 
(GRADE)

Comments

Assumed risk 
Multi-incision 
laparoscopic surgery

Corresponding risk 
Single incision laparoscopic surgery

Operation time 
Standardized mean 
difference 
Follow-up: mean 8 weeks

The mean operation time in the 
intervention groups was 0.2 standard 
deviations higher (0.11 lower to 0.52 
higher)

525 
(5 studies)

++++ 
high

SMD 0.2 
(−0.11 to 0.52)

Length of stay 
Standardized mean 
difference 
Follow-up: mean 8 weeks

The mean length of stay in the 
intervention groups was 0.18 standard 
deviations lower (0.51 lower to 0.14 
higher)

525 
(5 studies)

++++ 
high

SMD −0.18 
(−0.51 to 0.14)

Lymph node harvesting 
Standardized mean 
difference 
Follow-up: mean 8 weeks

The mean lymph node harvesting in the 
intervention groups was 0.09 standard 
deviations higher (0.14 lower to 0.33 
higher)

525  
(5 studies)

++++ 
high

SMD 0.09 
(−0.14 to 0.33)

Complications 
Risk ratio 
Follow-up: mean 8 weeks

Study population RR 1 
(0.65 to 1.54)

525 
(5 studies)

++++ 
high

162 per 1,000 162 per 1,000 (105 to 249)

Moderate

150 per 1,000 150 per 1,000 (97 to 231)

Mortality 
Risk ratio 
Follow-up: mean 8 weeks

Study population RR 3 
(0.13 to 70.92)

525 
(5 studies)

++++ 
high

#

0 per 1,000 0 per 1,000 (0 to 0)

Moderate

0 per 1,000 0 per 1,000 (0 to 0)

Conversion 
Risk ratio 
Follow-up: mean 8 weeks

Study population RR 4.43 
(0.63 to 31.17)

525 
(5 studies)

++++ 
high

8 per 1,000 34 per 1,000 (5 to 240)

Moderate

0 per 1,000 0 per 1,000 (0 to 0)

Anastomotic leak 
Risk ratio 
Follow-up: mean 8 weeks

Study population RR 0.43 
(0.11 to 1.63)

525 
(5 studies)

++++ 
high

23 per 1,000 10 per 1,000 (3 to 38)

Moderate

11 per 1,000 5 per 1,000 (1 to 18)

Surgical site infection 
Risk ratio 
Follow-up: mean 8 weeks

Study population RR 0.58 
(0.23 to 1.48)

525 
(5 studies)

++++ 
high

46 per 1,000 27 per 1,000 (11 to 68)

Moderate

46 per 1,000 27 per 1,000 (11 to 68)

Re-operation 
Risk ratio 
Follow-up: mean 8 weeks

Study population RR 0.62 
(0.19 to 2.03)

525 
(5 studies)

++++ 
high

27 per 1,000 17 per 1,000 (5 to 55)

Moderate

30 per 1,000 19 per 1,000 (6 to 61)
*
The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence 
interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI) 
 
CI: confidence interval, RR: risk ratio; 

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate 
Very low quality: We are very uncertain about the estimate
# 
No explanation was provided

Figure 2 GRADE-Pro summary of evidence.

222

223
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=11.53, df =4 (P=0.02); I2 =65%] among trials. Therefore, 
in the random effects model (SMD, −0.18; 95% CI, −0.51 
to 0.14; z=1.10; P=0.27; Figure 4) analysis, the tenure of 
hospitalization was statistically similar following the use of 
any approach for colorectal resection.

Lymph node harvesting difference for oncological safety

There was no heterogeneity [Tau2 =0.03, chi2 =6.41, df 
=4 (P=0.17); I2 =38%] among trials. In the random effects 
model (SMD, 0.09; 95% CI, −0.14 to 0.33; z=0.76; P=0.45; 
Figure 5) analysis, both procedures offer similar oncological 

Figure 3 Forest plot for duration of operation following use of single incision laparoscopic surgery versus conventional multi-incision 
laparoscopic surgery for colorectal resections. Standardized mean difference is shown with 95 per cent confidence intervals.

Figure 4 Forest plot for duration of hospital stay following use of single incision laparoscopic surgery versus conventional multi-incision 
laparoscopic surgery for colorectal resections. Standardized mean difference is shown with 95 per cent confidence intervals.

Figure 5 Forest plot for lymph node harvesting following use of single incision laparoscopic surgery versus conventional multi-incision 
laparoscopic surgery for colorectal resections. Standardized mean difference is shown with 95 per cent confidence intervals.
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Figure 6 Forest plot for post-operative complications following use of single incision laparoscopic surgery versus conventional multi-
incision laparoscopic surgery for colorectal resections. Risk ratios are shown with 95 per cent confidence intervals.

Figure 7 Forest plot for mortality following use of single incision laparoscopic surgery versus conventional multi-incision laparoscopic 
surgery for colorectal resections. Risk ratios are shown with 95 per cent confidence intervals.

safety in terms of total number of lymph nodes removed at 
the time of radical resection for colorectal cancer.

Peri-procedural/post-procedural morbidity and mortality

There was no heterogeneity [Tau2 =0.02, chi2 =4.36, df =4 
(P=0.36); I2 =8%] among included trials. In the random 
effects model (RR, 1.0; 95% CI, 0.65–1.54; z=0.02; P=0.99; 
Figure 6) analysis, the procedural morbidity and mortality 
(RR, 3.0; 95% CI, 0.13–70.92; z=0.68; P=0.50; Figure 7) 
were also not different in both groups.

Risk of conversion to open procedure

There was no heterogeneity [Tau2 =1.96, chi2 =5.95, df =3 
(P=0.11); I2 =50%] among included studies. In the random 

effects model (RR, 4.43; 95% CI, 0.63–31.17; z=1.50; 
P=0.13; Figure 8) analysis, the conversion rate for SILS and 
MILS was similar.

Colorectal anastomotic leak

There was no heterogeneity [Tau2 =0.00, chi2 =0.09, df =2 
(P=0.95); I2 =0%] among included studies. In the random 
effects model (RR, 0.43; 95% CI, 0.11–1.63; z=1.24; P=0.21; 
Figure 9) analysis, the colorectal anastomotic leak risk was not 
influenced by the surgical approach for colorectal resection.

Influence on the surgical site infection and re-operation rate

There was no heterogeneity [Tau2 =0.00, chi2 =1.56, df =4 
(P=0.82); I2 =0%] among included studies. In the random 
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Figure 8 Forest plot for conversion following use of single incision laparoscopic surgery versus conventional multi-incision laparoscopic 
surgery for colorectal resections. Risk ratios are shown with 95 per cent confidence intervals.

Figure 9 Forest plot for anastomotic leak following use of single incision laparoscopic surgery versus conventional multi-incision 
laparoscopic surgery for colorectal resections. Risk ratios are shown with 95 per cent confidence intervals.

effects model (RR, 0.58; 95% CI, 0.23–1.48; z=1.15; 
P=0.25; Figure 10) analysis, the surgical site infection rate 
and re-operation rate (RR, 0.62; 95% CI, 0.19–2.03; z=0.80; 
P=0.43; Figure 11) were also not influenced by the surgical 
approach for colorectal resection.

Discussion

Summary of main results

The major findings of this review article highlight the 
clinical, oncological and technical effectiveness of SILS 
comparing with the conventional MILS for colorectal 
resections. Findings of current meta-analysis of five RCTs 
on 525 patients reiterate that the colorectal resections 
following SILS versus MILS technique are similar in terms 
of operation time, length of in-patient stay and lymph node 

harvesting. Furthermore, post-operative morbidity, post-
operative mortality, surgical site infection rate, anastomotic 
leak rate, conversion rate and re-operation rate were also 
statistically similar following SILS and MILS. Therefore, 
SILS failed to demonstrate any superiority over MILS for 
colorectal resections in all post-operative surgical outcomes.

Application and completeness of evidence in this study

The inclusion criterion for this study was strict and was 
confined to the combined evaluation of published RCTs 
only. The findings of current study are appropriate and 
applicable to colorectal patients who require right hemi-
colectomy, left hemicolectomy and anterior resection only. 
The feasibility of SILS for other colorectal procedures still 
needs evaluation before making final conclusion.
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Figure 10 Forest plot for surgical site infection following use of single incision laparoscopic surgery versus conventional multi-incision 
laparoscopic surgery for colorectal resections. Risk ratios are shown with 95 per cent confidence intervals.

Figure 11 Forest plot for re-operation rate following use of single incision laparoscopic surgery versus conventional multi-incision 
laparoscopic surgery for colorectal resections. Risk ratios are shown with 95 per cent confidence intervals.

Strength of the presented evidence

Authors have used standard quality assessment tools to 
conduct this study. The evaluation of the included trials 
was performed using multi-pronged approach such as risk 
of bias assessment tool by the Cochrane Collaboration, 
Jadad and Chalmers et al. scoring tools; and presentation 
of summary of evidence from GRADE-pro tool. Overall 
strength of evidence may be considered high as depicted in 
Figure 2. Diverse inclusion and exclusion criteria, variable 
experience of operating surgeon and evaluation of simple 
colorectal resection by MILS approach may also be a source 
of biased outcome in RCTs.

Potential biases in the review process

The variable experience of operating surgeon, study of 

different colorectal resections, exclusion of more complex 
colorectal resections such as subtotal colectomy, segmental 
resection and abdominoperineal resection might have 
influenced the outcomes. Other confounding factors which 
might have influenced the final outcome may be the use of 
different operating tools, variable size of umbilical incision 
and variable number of ports in MILS technique.

Agreement and disagreement with other published evidence

To the best of our knowledge current meta-analysis is the 
only study which provides most reliable and the strongest 
evidence so far, about the efficacy of SILS against MILS due 
to strict inclusion criteria evaluating RCTs only. Previously 
published six systematic reviews (40-42,55-57) lack 
conclusive outcomes and recommendations due to several 
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methodological and clinical flaws such as combined analysis 
of RCTs and non-RCTs, combined analysis of prospective 
and retrospective study cohorts and reporting analysis of 
single colorectal procedure only. Most of these reviews 
reported feasibility and the safety of the SILS instead 
providing evidence on either superiority or equivalence 
of SILS over MILS. Whereas current study conclusively 
demonstrated that SILS did not show any superiority over 
MILS for colorectal resections in all post-operative surgical 
and oncological outcomes.

Implications for practice and research

Current study conclusively demonstrated that SILS 
did not show any superiority over MILS for colorectal 
resections in all post-operative surgical and oncological 
outcomes. However, long-terms effectiveness still needs 
to be evaluated. Long-term outcomes in terms of cancer 
recurrence, survival, incidence of incisional hernia, 
incidence of port site recurrence, cosmesis and quality 
of life measurement studies may be required. Studies 
involving selected cases may show feasibility but all complex 
colorectal resections may result in opposite outcomes. 
Current conclusions may well be strengthened by running 
a major multicentre RCT of high quality. However, wider 
application of SILS for colorectal resections may not be 
recommended based upon the findings of current review.
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