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Abstract

AIM: To assess the differences in clinical benefits and
disadvantages of single-incision laparoscopic appen-
dectomy (SILA) and conventional laparoscopic appen-
dectomy (CLA).

METHODS: The Cochrane Library, MEDLINE, Embase,
Science Citation Index Expanded, and Chinese Biomed-
ical Literature Database were electronically searched
up through January 2013 to identify randomized con-
trolled trails (RCTs) comparing SILA with CLA. Data
was extracted from eligible studies to evaluate the
pooled outcome effects for the total of 1068 patients.
The meta-analysis was performed using Review Man-
ager 5.2.0. For dichotomous data and continuous data,
the risk ratio (RR) and the mean difference (MD) were
calculated, respectively, with 95%CI for both. For con-
tinuous outcomes with different measurement scales in
different RCTs, the standardized mean difference (SMD)
was calculated with 95%CI. Sensitivity and subgroup
analyses were performed when necessary.
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RESULTS: Six RCTs were identified that compared
SILA (n = 535) with CLA (7 = 533). Five RCTs had a
high risk of bias and one RCT had a low risk of bias.
SILA was associated with longer operative time (MD =
5.68, 95%CI: 3.91-7.46, P < 0.00001), higher conver-
sion rate (RR = 5.14, 95%CI: 1.25-21.10, Z = 0.03)
and better cosmetic satisfaction score (MD = 0.52,
95%CI: 0.30-0.73, P < 0.00001) compared with CLA.
No significant differences were found for total com-
plications (RR = 1.15, 95%CI: 0.76-1.75, P = 0.51),
drain insertion (RR = 0.72, 95%CI: 0.41-1.25, P =
0.24), or length of hospital stay (SMD = 0.04, 95%CI:
-0.08-0.16, £ = 0.57). Because there was not enough
data among the analyzed RCTs, postoperative pain was
not calculated.

CONCLUSION: The benefit of SILA is cosmetic sat-
isfaction, while the disadvantages of SILA are longer
operative time and higher conversion rate.

© 2013 Baishideng. All rights reserved.
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Core tip: The clinical benefit of single-incision laparo-
scopic appendectomy (SILA), compared to the conven-
tional three-port laparoscopic appendectomy, has been
a controversial issue in recent years. We performed the
first systematic review and meta-analysis of random-
ized controlled trails (RCTs) that have assessed the
clinical benefits and disadvantages between SILA and
conventional laparoscopic appendectomy (CLA). Six
RCTs conducted between 2011 and 2013 were identi-
fied and pooled to determine outcomes using meta-
analytic methods. From this analysis, we conclude that
SILA is as safe as CLA. Although patients receiving
SILA had longer operative times and a higher conver-
sion rate, one benefit of SILA is cosmetic satisfaction.
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INTRODUCTION

Appendectomy is one of the most commonly performed
surgical procedures of the abdomen in the world. This
surgical procedure has been performed for over 100
years, after first being described by McBurney'". With
rapidly developing, minimally invasive surgery, the lapa-
roscopic appendectomy has become a selectable method
for appendectomy. Previous studies have reported that
laparoscopic appendectomy has many advantages in com-
parison to open appendectomy, such as shorter hospital
stays, reduced risks of complications, and better cosmetic
satisfaction™. Therefore, the laparoscopic appendec-
tomy, like laparoscopic cholecystectomy, is considered to
be a favorable procedure for appendectomy in the future.

In addition, the use of single-incision laparoscopic
techniques, which have been described with promis-
ing results in multiple studies""!, has increased over the
past few years. Under such circumstances, surgical ap-
pendectomy may be undergoing a transition from the
conventional three-port laparoscopic surgery toward the
less-invasive, single-incision laparoscopic surgery. With
the number of incisions reduced to just one umbilical in-
cision, the potential advantages of single-incision surgery
include better cosmetic outcome, less postoperative pain,
and faster postoperative recovery. At the same time, this
new technique may present potential disadvantages, such
as increased operative time, higher conversion rates, and
more complications.

Although a number of studies in the last few years
have compared the single-incision laparoscopic ap-
pendectomy (SILA) with conventional laparoscopic
appendectomy (CLA), most only demonstrated the fea-
sibility and safety of SILA. Well-described benefits and
disadvantages are still lacking in the literature. To our
knowledge, there are no published meta-analyses describ-
ing randomized controlled trails (RCTs) comparing SILA
with CLA. Therefore, we conducted a systematic review
and meta-analysis of RCTs to assess the clinical benefits
and disadvantages associated with SILA and CLA.

MATERIALS AND METHODS

Searching strategy

We searched the following databases up through January
2013 to identify RCTs: The Cochrane Library, MED-
LINE, EMBASE, Science Citation Index Expanded, and
the Chinese Biomedical Literature Database. The search
strategies are shown in Table 1. Language was not used
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as a criterion for selection of studies, and both English
and non-English studies were included. Moreover, the
citations within the reference lists of the articles were
searched manually to identify additional eligible stud-
ies. After all searches were completed, the search results
were merged using the software package Endnote X6
to remove duplicate records. The title and abstract of
every identified record was scanned by two independent
authors (Wu SJ and Cheng Y) for the inclusion criteria.
If compliance was not clear from the abstract, full-texts
were retrieved for further assessment.

Inclusion and exclusion criteria

The aim of this meta-analysis was to specifically com-
pare the benefits and disadvantages of SILA and CLA
methods. Therefore, only those studies which provided
comparison between those two methods mentioned
above were included. Reliability was the most important
point considered in this meta-analysis, so only RCTs were
included. Prospective non-randomized, retrospective,
and improperly performed RCTs were excluded from the
analysis.

The definition of SILA was surgery through a single
intra-umbilical incision. The included studies used various
multiport devices or multiple conventional ports through
a single skin incision but with multiple fascial incisions.
CLA was defined as surgery with the standard three-port
technique »iz a supra-umbilical or infra-umbilical port, a
left lower quadrant port, and a right lower quadrant or
supra-pubic region port.

Data extraction and validity assessment

Two independent authors (Lu J and Zhang J) extracted
and confirmed the data and entered them into an elec-
tronic data collection form. Any disagreement in the two
reviewers’ data collection and quality assessment was
discussed until a consensus was reached. For the validity
assessment, another two authors (Cai YL and Lin YX)
independently assessed the methodological quality of the
included trials using the quality checklist recommended
by the Cochrane Handbook. The assessment contained
six dimensions: (1) random sequence generation; (2) al-
location concealment; (3) blinding; (4) addressing of
incomplete outcome data; (5) selective reporting; and
(6) other bias. Following the evaluation of the above
domains, an included trial was judged as having low risk
of bias if it was evaluated as “low” in all of the above
domains. If the risk of bias was judged as “unclear” or
“high”, then the trial was listed under the group of tri-
als with “high risk of bias.” Otherwise, all disagreements
were resolved by discussion and referral to a third author
(Xiong XZ) for resolution.

Outcomes

Data for the following outcomes were extracted: total
operative time, total complications (wound infection,
abscess, ileus, stump leakage, ¢/.), drain insertion, conver-
sion rate, length of hospital stay, postoperative pain as
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Table 1 Search strategies

Databases Period of search Search strategies
The Cochrane  Through January 30, 2013 (1) MeSH descriptor Appendectomy, Laparoscopic explode all trees
Library (2) (laparoscop* or coelioscop* or celioscop* or peritoneoscop*) and appendectom*
B)lor2
(4) “single incision” or “single port” or “single site” or “one port” or “one incision” or “one site”
(5) 3and 4
MEDLINE Through January 30, 2013 (1) Appendectomy, laparoscopic [MeSH]
(Pubmed) (2) (laparoscop* or coelioscop* or celioscop* or peritoneoscop*) and appendectom*
B)lor2
(4) “single incision” or “single port” or “single site” or “one port” or “one incision” or “one site”
(5) (randomised controlled trial [pt] or controlled clinical trial [pt] or randomised [tiab] or placebo [tiab] or
drug therapy [sh] or randomly [tiab] or trial [tiab] or groups [tiab]) not (animals [mh] not humans [mh])
(6) 3and 4 and 5
EMBASE Through January 30, 2013 (1) (appendectomy.af.) or ( exp appendectomy/)
(OvidSP) (2) ((laparoscop* or coelioscop* or celioscop* or peritoneoscop*).af.) or ( exp Laparoscopy/)

(3) (single incision or single port or single site or one port or one incision or one site).af.

(4) (random* or factorial* or crossover* or placebo*).af.

(5) expcrossoverprocedure/or exp double-blind procedure/or exp randomized controlled trial/or single-

blind procedure/

(6)4or5

(7)1and 2 and 3 and 6
Science Citation Through January 30, 2013 (1) TS = (appendectom*)

Index Expanded (2) TS = (laparoscop* or coelioscop* or celioscop* or peritoneoscop*)
(3) TS = (“single incision” or “single port” or “single site” or “one port” or “one incision” or “one site”)
(4) TS = (random* or blind* or placebo* or meta-analysis)
(5) 1and 2 and 3 and 4
CBM Through January 30, 2013 Search strategy in was performed in Chinese. Includes search terms similar to the terms used in MEDLINE

MEDLINE: Medical Literature Analysis and Retrieval System Online; EMBASE: Excerpta Medica Database; CBM: Chinese Biomedical Literature Database;

MeSH: Medical Subject Heading.

assessed using the visual analogue scale (VAS), and cos-
metic satisfaction.

Statistical analysis

We performed all the statistical analyses of the extracted
data with Review Manager 5.2.0. For dichotomous data
and continuous data, we calculated the risk ratio (RR) and
the mean difference (MD) with 95%ClIs for both. For
continuous outcomes with different measurement scales
in different RCTSs, we calculated the standardized mean
difference (SMD) with 95%CI. Heterogeneity was de-
scribed with the ;(2 test. A P value less than 0.10 was con-
sidered to be significant heterogeneity and the I* statistic
was used to measure the quantity of heterogeneity. If
significant heterogeneity existed, a random-effect model
was used. In the absence of significant heterogeneity, a
fixed-effect model was adopted.

In the case of missing data, we contacted the original
investigators to request further information. If there was
no reply, we performed the analysis on an “intention-to-
treat” principle, if applicable. Otherwise, we adopted the
available-case analysis, also known as the per-protocol
analysis. A few published clinical trials reported a me-
dian and a range instead of a mean and SD. To adjust
this difference, we assumed that the median was equal
to the mean, and we estimated the SD as a quarter of
the reported range. Funnel plots were used to determine
reporting biases. We conducted the meta-analysis and sys-
tematic review according to the Cochrane Handbook for
Systematic Reviews of Interventions and Preferred Re-
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porting Item for Systematic Reviews and Meta-Analysis.

RESULTS

Search results

We identified a total of 111 records through electronic
searches of The Cochrane Library (» = 12), MEDLINE
(n = 21), EMBASE (# = 32), Science Citation Index Ex-
panded (» = 44), Chinese Biomedical Literature Database
(n = 0), and a manual search of the references in the
included RCTs (7 = 2). We excluded 39 duplicates and 72
clearly irrelevant records by reading titles and abstracts.
Fourteen full-text articles were retrieved for further as-
sessment. We excluded seven articles for the reasons
listed in Figure 1.

Description of included trials and risk of bias

Six RCTs published between 2011 and 2013 were identi-
fied that fulfilled the inclusion criteria"*'”. A total of
1068 patients were included. There were 535 patients
who received SILA and 533 who received CLA. Two
included trials were of pediatric patients'™*"™, and the re-
maining four trials were of adult patients'>"'*"", Details
on the included studies are shown in Table 2. The risk of
bias is summarized in Table 3. Five RCTs had a high risk
of bias""" and one RCT had a low risk of bias"”.

Effect of interventions

Total operative time: All six RCTs reported the operative
time to complete appendectomy'>'". The operative time
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Table 2 Study characteristics

Study Area Study design Participants (SILA/CLA) Mean age, yr (SILA/CLA) Male:female ratio (SILA/CLA)
Teoh et al™ Hong Kong Multi-center 195 (98/97) 39.2/40.7 58:40/59:38

Lee et al™ South Korea Single-center 229 (116/113) 28.4/28.5 64:52/68:45

Perez et al™ United States Single-center 50 (25/25) 8.7/8.9 10:15/15:10

St Peter et al™ United States Single-center 360 (180/180) 11.1/11.1 99:81/92:88

Sozutek et al Turkey Single-center 50 (25/25) 30.6/30.0 12:13/7:18

Frutos et al” Spain Single-center 184 (91/93) 28.0/31.0 42:49/47:46

SILA: Single-incision laparoscopic appendectomy; CLA: Conventional laparoscopic appendectomy.

Table 3 Risk of bias assessment

Study Sequence generation  Allocation concealment Blinding of participants Blinding of outcome Incomplete  Selective reporting
and personnel assessment outcome data
Teoh et al™ Low risk Low risk Low risk Low risk Low risk Low risk
Lee et al™ Low risk Uncertain High risk High risk Uncertain Low risk
Perez et al'™! Low risk Low risk Low risk Low risk Uncertain High risk
St Peter et al™ Low risk Low risk Low risk High risk Low risk Low risk
Sozutek et al™ Low risk Uncertain High risk High risk Uncertain High risk
Frutos et al"” Low risk Uncertain High risk High risk Low risk High risk

2 additional records identified
through reference lists of
included RCTs

109 records identified
through database
searching

39 records after
duplicates removed

58 obviously irrelevant

72 records screened
records excluded

—>

8 full-text articles excluded
Non-randomized trails: 7 = 3
Repeat studies: n = 2
Non-clinical study: n = 1
Quasi-RCT:n =1
Study protocol: 7 =1

14 full-text articles
assessed for eligibility

6 articles included in
meta-analysis

Figure 1 Flow diagram demonstrating the study selection process. RCT:
Randomized controlled trial.

was significantly longer in the SILA group than in the
CLA group (Figure 2A; MD = 5.68, 95%CI: 3.91-7.46, P
< 0.00001). There was no evidence of statistical hetero-
geneity (y2 = 4.61, P = 0.47, I> = 0%).

Total complications: All six RCTs reported the total
complications after appendectomy!*"". There was no
significant difference in the overall incidence of postop-
erative complications between the two groups (Figure 2B;
RR = 1.15, 95%CI: 0.76-1.75, P = 0.51). There was no
evidence of statistical heterogeneity (y* = 2.25, P = 0.81,
2= 0%).

Conversion rate: All six RCTSs reported the conversion
rates duting appendectomy*"”. This included placement
of additional laparoscopic ports for SILA and conversion
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5168

to open appendectomy from both SILA and CLA .The
conversion rate was 7.48% (40 of 535 patients) and 0.75%
(4 of 533 patients) in the SILA and CLLA groups, respec-
tively. The rate was significantly higher in patients who
received SILA than CLA (Figure 2C; RR = 5.14, 95%CI:
1.25-21.10, P = 0.02). Significant heterogeneity was pres-
ent in the trials (y* = 6.82, P = 0.15, I> = 41%)).

Drain insertion: Only two RCTs reported drain inser-
tion during appendectomy!*"?. There was no significant
difference in the incidence of drain insertion between the
two groups (Figure 2D; RR = 0.72, 95%CI: 0.41-1.25, P
= 0.24). There was no evidence of statistical heterogene-
ity (y* = 0.13, P = 0.71, I* = 0%).

Length of hospital stay: The length of hospital stay
was evaluated in all studies!”"”, but only three studies
reported this data in the form of mean and SD"*'*"", By
contacting the authors personally by email, we were able
to retrieve the mean and SD data for the other two stud-
ies'"*" Another study provided the mean and rangeml.
According to our predefined plan, we equated the SD
with a quarter of the reported range. There was no sig-
nificant difference between the two groups (Figure 2E;
SMD = 0.04, 95%CI: -0.08-0.16, P = 0.57). There was no
evidence of statistical heterogeneity (y* = 5.31, P = 0.38,
= 6%).

Postoperative pain: Four of the included trials re-
ported postoperative pain scores using the VAS (10-point
or 100-mm) after appendectomy">"'*' Teoh et a/™?
indicated that there were no significant differences in the
overall pain scores and the pain scores at rest (P = 0.109
and 0.154, respectively), while significantly worse pain
was experienced in the SILA group after coughing 10
times and on standing (P = 0.001 and 0.038, respectively).
Lee et al'"” stated that postoperative pain scores were not
statistically different between the two groups at 12 h, 24
h, 36 h and 14 d postoperatively (P = 0.651, 0.555, 0.570
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A SILA CLA Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI 1V, random, 95%CI

1.1.1 Adult

Frutos et al"” 38.13  13.49 91 3212 1244 93  22.4% 6.01[2.26,9.76] .

Lee et a/™” 43.8 21.3 116 35.8 18.9 113 11.6% 8.00 [2.79, 13.21] -

Sozutek et a/*®! 32,6 9.9 25 295 6.8 25  14.2% 3.10[-1.61, 7.81] ™

Teoh et a/*? 63 27.2 98  60.2 31.7 97 4.6% 2.80 [-5.49, 11.09] -

Subtotal (95%CI) 330 328  52.8% 5.38[2.94, 7.83] L 2

Heterogeneity: Tau’ = 0.00; 4° = 2.35, df = 3 (P = 0.50); I = 0%

Test for overall effect: Z = 4.32 (P < 0.0001)

1.1.2 Children

Perez et al** 46.8 17.5 25 348 12.5 25 4.4% 12.00 [3.57, 20.43] I

St Peter et a/'*”! 35.2 14.5 180  29.8 11.6 180  42.8% 5.40 [2.69, 8.11] =

Subtotal (95%CT) 205 205 47.2% 7.4 [1.46, 13.42] >

Heterogeneity: Tau’ = 11.57; > = 2.13, df = 1 (P = 0.14); I’ = 53%

Test for overall effect: Z = 2.44 (P = 0.01)

Total (95%CI) 535 533  100.0% 5.68 [3.91, 7.46]

Heterogeneity: Tau® = 0.00; * = 4.61, df = 5 (P = 0.47); I = 0% L L
-10 0 10 20

Test for overall effect: Z = 2.44 (P = 0.01) -20

Favours (SILA)  Favours (CLA)

Test for subgroup differences: »* = 0.39, df = 1 (P = 0.53); I* = 0%

B SILA CLA Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI

3.1.1 Adult

Frutos et a/”! 5 91 4 93 10.8%  1.28[0.35, 4.61] —

Lee et a/*” 15 116 18 113 49.6%  0.81[0.43, 1.53]

Sozutek et a/*®! 1 25 1 25 2.7% 1.00 [0.07, 15.12]

Teoh et a/*? 14 98 9 97 24.6%  1.54[0.70, 3.39]

Subtotal (95%CI) 330 328 87.8%  1.08[0.69, 1.69]

Total events 35 32

Heterogeneity: 2 = 1.62, df = 3 (P = 0.65); I* = 0%

Test for overall effect: Z = 0.33 (P = 0.74)

3.1.2 Children

Perez et al*" 1 25 0 25 1.4%  3.00 [0.13, 70.30] —

St Peter et a/™ 6 180 4 180 10.9%  1.50[0.43, 5.23] —

Subtotal (95%CI) 205 205 12.2%  1.67[0.53, 5.28] -

Total events 7 4

Heterogeneity: * = 0.16, df = 1 (P = 0.69); I* = 0%

Test for overall effect: Z = 0.87 (P = 0.39)

Total (95%CI) 535 533 100.0%  1.15[0.76, 1.75]

Total events 42 36 T

Heterogeneity: * = 2.25, df = 5 (P = 0.81); > = 0% ‘ ‘ ‘ ‘

Test for overall effect: Z = 0.66 (P = 0.51) 0.005 0.1 1 10 200

Test for subgroup differences: > = 0.47, df = 1 (P = 0.49); I’ = 0% Favours (SILA) Favours (CLA)

C SILA CLA Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight ~ M-H, random, 95%CI M-H, random, 95%CI

5.1.1 Adult

Frutos et a/”! 1 91 0 93 14.1% 3.07 [0.13, 74.28] —

Lee et a/™? 12 116 0 113 16.7%  24.36 [1.46, 406.59] —

Sozutek et a/*® 1 25 1 25 17.5% 1.00 [0.07, 15.12] —

Teoh et a/*? 8 98 3 97 34.9% 2.64 [0.72, 9.65] T

Subtotal (95%CI) 330 328 83.2%  3.21[1.04, 9.92] N

Total events 22 4

Heterogeneity: Tau® = 0.14; 4° = 3.30, df = 3 (P = 0.35); I* = 9%

Test for overall effect: Z = 2.03 (P = 0.04)

5.1.2 Children

Perez et a/*"! 0 25 0 25 Not estimable

St Peter et a/™ 18 180 0 180 16.8%  37.00 [2.25, 609.33] ——

Subtotal (95%CI) 205 205 16.8%  37.00 [2.25, 609.33] i

Total events 18 0

Heterogeneity: Not applicable

Test for overall effect: Z = 2.53 (P = 0.01)

Total (95%CI) 535 533 100.0% 5.14 [1.25, 21.10] S

Total events 40 4

Heterogeneity: Tau® = 1.05; 4° = 6.82, df = 4 (P = 0.15); I = 41% ‘ ‘ ‘ ‘

Test for overall effect: Z = 2.27 (P = 0.02) 0.001 01 1 10 1000

Test for subgroup differences: 5> = 2.52, df = 1 (P = 0.11); I = 60.3% Favours (SILA)  Favours (CLA)
49
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D SILA CLA Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI

Lee et a/™” 5 116 8 113 30.9% 0.61[0.21, 1.81]

Teoh et a*”! 14 98 18 97 69.1% 0.77 [0.41, 1.46]

Total (95%CI) 214 210 100.0% 0.72[0.41, 1.25]

Total events 19 26 | | | |

Heterogeneity: > = 0.13,df = 1 (P = 0.71); I* = 0% 0.005 0.1 1 10 200

Test for overall effect: Z = 1.17 (P = 0.24) Favours (SILA) Favours (CLA)

E SILA CLA Std. mean difference Std. mean difference

Study or subgroup Mean SD Total Mean SD Total  Weight 1V, fixed, 95%CI 1V, fixed, 95%CI

Frutos et a/”! 0.79 0.41 91 0.89 0.49 93  17.2% -0.22 [-0.51, 0.07] —=

Lee et a/*” 3 2.5 116 3 2.75 113 21.5%  0.00 [-0.26, 0.26] ——

Perez et a/™" 1.68 0.78 25 1.53 1.48 25 47%  0.12 [-0.43, 0.68] e —

Sozutek et a/*®! 1.1 0.3 25 1.2 0.8 25 47% -0.16 [-0.72, 0.39] —

St Peter et g™ 1.31 0.35 180 1.25 0.42 180  33.7%  0.15[-0.05, 0.36] -

Teoh et a/*” 3.53 2.92 98 3.2 2.36 97  18.3%  0.12[-0.16, 0.40] —Te—

Total (95%CI) 535 533 100.0%  0.04 [-0.08, 0.16] ?

Heterogeneity: 7% = 5.31, df = 5 (P = 0.38); I* = 6% ‘ ‘ ‘ ‘

Test for overall effect: Z = 0.57 (P = 0.57) -4 05 0 05 1
Favours (SILA) Favours (CLA)

F Experimental Control Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total  Weight 1V, fixed, 95%CI 1V, fixed, 95%CI

Sozutek et @' 7.2 0.8 91 67 0.8 93 87.0%  0.50[0.27, 0.73] R ]

Teoh et a/*? 8.616  1.759 98  7.999  2.442 97 13.0%  0.62[0.02, 1.21] —

Total (95%CI) 189 190  100.0%  0.52 [0.30, 0.73] <&

Heterogeneity: ;° = 0.13, df = 1 (P = 0.72); > = 0% | | | |

Test for overall effect: Z = 4.68 (P < 0.00001) 41 -05 0 05 1

SILA (experimental) CLA (control)

Figure 2 Forest plots of the meta-analysis. A: Comparisons of single-incision laparoscopic appendectomy (SILA) vs conventional laparoscopic appendectomy (CLA)
in total operative time; B: Total complications; C: Conversion rate; D: Drain insertion; E: Length of hospital stay; F: Cosmetic satisfaction.

and 0.631, respectively). Likewise, Sozutek ez al'” stated
that no difference was detected in terms of postoperative
pain (P = 0.991). However, in Frutos’ trial, less pain was
found in SILA group (SILA/CLA: 2.76 * 1.64/3.78 £
1.76, P < 0.001). Only one study provided the mean and
SD, so those values were not calculated in this analysis.

Cosmetic satisfaction: Three studies reported cosmet-
ic satisfaction scores' >, The cosmetic score was also
measured by a 5-point VAS with a higher score indicating
better satisfaction. The meta-analysis of two studies*'",
which provided the mean and SD, reported that the cos-
metic scores were significantly higher in the SILA group
than in the CLA group (Figure 2F; MD = 0.52, 95%CI:
0.30-0.73, P < 0.00001). There was no evidence of statis-
tical heterogeneity (y2 = 0.13, P = 0.72, I = 0%). How-
ever, the remaining trial reported no significant difference
between the two groups with VAS scores of 4.0 and 3.3
for SIL.A and CLA, respectively (P = 0.128)"""

Subgroup analysis: Because the age of the patients
may have influenced the eventual outcome, we pet-
formed a subgroup analysis for operative time, total com-
plications, and conversion rate. In the subgroup analysis
of age, the outcomes were also equivalent.

DISCUSSION

The single-incision method of laparoscopic appendec-
tomy, compared to the conventional three-port method,
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has been a controversial issue in recent years. Numet-
ous studies have been performed to evaluate the differ-
ences; however, most of them were non-RCT studies.
Fortunately, six new RCTs published between 2011 and
2013"' evaluated the benefits and disadvantages of
SILA and CLA in a quantitative manner and provided
the basis of this study. This meta-analysis and systematic
review of those six RCTs indicated that although SILA
was associated with a longer operative time and a higher
conversion rate, patients had better cosmetic satisfaction
compared with CLA. No significant differences were
found in total complications, drain insertion, length of
hospital stay, and postoperative pain between the two
procedures.

Regarding operative time, a meta-analysis of non-
RCTs concluded that there was no difference between the
two groups' . Those results were inconsistent with the
results of this analysis, which determined that the SILA
operative time was longer by 5.68 min. This discrepancy
may have been due to the lack of surgical expetience us-
ing the new technique. Performing SILA requires experi-
ence in laparoscopic surgery, and a certain number of
cases must be performed to overcome the learning curve.
A retrospective study by Lee e al"” reported that the op-
eration time tended to shorten when the surgeon gained
more experience and accumulated cases. This finding is in
agreement with a separate report by Perez ef al"™ which
reported that in the first 25 patients enrolled, the differ-
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ence in operative time was significantly greater (49.31
min 25 33.50 min, P = 0.049) and that this difference de-
creased in a subsequent group of 25 patients (44.08 min
vs 36.00 min, P = 0.123). Although one disadvantage of
SILA is a longer operative time, we believe that with in-
creased experience and developed instrumentation SILA
will reach equivalent effectiveness to conventional three-
port methods.

Conversion rate is another major concern for sur-
geons. The high conversion rate is an important disad-
vantage and has considerably limited the widespread use
of SILA. In our meta-analysis, we found that the hetero-
geneity was very high among the analyzed studies. There-
fore, in order to assess the reliability and stability of this
outcome, we conducted a sensitivity analysis; only two of
the evaluated RCTs precisely described the conversion-
fulfilled, predefined outcome'™", After this analysis, a
significantly higher rate was observed in the SILA group
(RR = 30.64, 95%CI: 4.22-222.68, P = 0.0007) and no
heterogeneity was found (y* = 0.04, P = 0.84, I> = 0%).
Thus, we confirmed that a higher conversion rate was
consistent with SILA treatment. Technical difficulty
could account for this. Complicated appendicitis exists in
30% of all appendicitis cases”™”
is difficult, such as with serious adhesion or significant

and when the operation

inflammation, the single-incision approach can be some-
what cumbersome.

In such scenarios, extra incision sites or use of surgi-
cal instruments may become necessaty. In a study by St
Peter ef al", surgeons rated the degree of technical dif-
ficulty for every case, excluding perforated appendicitis,
on a subjective scale from 1 to 5 with 1 indicating an easy
case and 5 indicating a difficult case. Higher surgical diffi-
cultly ratings were noted for SILA relative to the standard
three-port laparoscopic appendectomy (2.3 £ 1.4 »s 1.7 £
1.0, P < 0.001). Thus, not only in complicated appendici-
tis, but also in uncomplicated appendicitis, the decision to
add an additional site or use additional instrumentation
is dependent on a lower comfort level with single-site
procedures. However, Crohn’s disease can be performed
with a single-site procedure in the presence of significant
inflammation”". This indicates that if only to promote
surgeon comfort level, pure SILA could become easier to
complete. Further technical research and developments
are needed to reduce the difficulty of SILA and to allow
surgeons to comfortably perform this procedure. This
may be the only way to reduce the conversion rate when
implementing SILA.

Postoperative pain is another controversial topic to
be discussed when a single-incision technique is applied.
As a result of a reduced trocar use, less surgical pain was
postulated in SILA®. A small case series and a retro-
spective analysis reported that reduced pain was found
with SILAP?, Conversely, the combined size of the
fascial incision at the umbilicus required to accommodate
the single-incision port may give rise to more potential
pain compared with multiple, smaller fascial incisions in
CLA. A 40-patient pilot trial in adults found significantly
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greater pain scores in the initial 24 h after SILA®., More-
over, from an anatomical point of view, the true pelvic
peritoneum has less sensitivity to acute pain than the pa-
rietal peritoneum in the umbilicus”™. Thus, the two ports
in the lower abdomen in CLA may cause less pain than
repositioning them to the umbilicus. Thus, by analyzing
previous studies, whether there is less postoperative pain
with SILA is uncertain.

In this analysis, three of the included RCTs indicated
that the pain scores were comparable between the two
groups“z’m’m]. Although, Teoh ez al' concluded that mote
pain was identified in activity, the overall scores demon-
strated no significant difference. This is in agreement
with a previous non-RCT meta-analysis' . Moreover, the
same comparison in cholecystectomy also showed no sig-
nificant difference in pain scores at 6 and 24 h between
single-incision and multiple-incision proceduresm. Con-
versely, another RCT showed less pain was found with
SILA, although this difference was very small'”. Thus, we
believe that the pain is not much different between SILA
and CLA. However, the overall length of incision may be
an important factor in this debate. As many discrepancies
exist in the analyzed studies, data from future RCTs are
anticipated to resolve these potential differences.

This meta-analysis highlighted cosmetic satisfaction
as the significant benefit of SILA over CLA. This so-
called “scarless” procedure meets the demand of expect-
ing to conceal the surgical history of patients, especially
in young females. Although SILA definitely reduces the
number of incisions and often results in better cosmetic
satisfaction among patients, there was not enough clinical
data to support this claim previously. We recognize that
some studies showed better scores without significant
differences*, possibly due to existing high cosmetic
scores with CLA and leaving only slightly more room for
improvement with SILA.

Some limitations exist in assessing cosmetic satisfac-
tion. First, a standatd tool to assess the appearance of the
wound is still lacking. Second, patients rate the score by
their own subjective feeling without a more quantitative
reference. We speculate that after surgery, patients may
be more focused on whether the disease had been cured
rather than on a cosmetic score. Third, wound healing is
a long-term process, and the cosmetic benefit should be
assessed during both short-term and long-term follow-
up examinations. Therefore, prospective RCTs with long-
term follow-up are needed to confirm the cosmetic ben-
efits of SILA. Establishing a validated scar assessment
tool is also necessary for adequate quantitative analysis.

Six RCTs were included in this review. Most included
patients with perforated appendicitis, while only one
study excluded patients with perforated appendicitis.
Thus, our results were relevant to all types of acute ap-
pendicitis. However, the quality of these newly analyzed
RCTs was low as only one RCT had a low risk of bias'”.

Meta-analysis is an increasingly popular method of
data analysis to examine discrepancies in the literature.
Nevertheless, there were some limitations in our tesearch.
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First, the number of included RCTs was small, and,
among those, two RCTs were also of small sample size.
Funnel plots were not performed to assess the publica-
tion bias due to the small number of included RCTs.
Second, the surgical techniques among the studies were
varied; thus, there may be variances in operative time,
conversion rate, and complications. Third, a cost analy-
sis was not conducted in this research as cost is always
higher with the development of a new technique and the
instruments varied significantly with each study.

In conclusion, despite the limitations mentioned
above, this review currently provides the best available
evidence for comparison of single-incision laparoscopic
appendectomy »s conventional laparoscopic appendec-
tomy. From a curative perspective, SILA is comparable
to CLA in terms of total complications, drain insertion,
length of hospital stay, and postoperative pain. The dis-
advantages of SILA are a longer operative time and a
higher conversion rate. One benefit of SILA is patient
cosmetic satisfaction. Thus, the option of this new treat-
ment alternative should be catrefully discussed with pa-
tients. More RCTs are needed to clarify the benefits and
disadvantages of SILA compared to CLA.

COMMENTS

Background

Appendectomy is one of the most commonly performed surgical procedures of
the abdomen in the world. In recent years, minimally invasive surgery has rap-
idly developed and conventional laparoscopic appendectomy (CLA) has been
widely used. In addition, single-incision laparoscopic appendectomy (SILA), as
a new technique, has been introduced as an alternative to conventional three-
port laparoscopic appendectomy.

Research frontiers

Both SILA and CLA are used for patients undergoing appendectomy. Many
studies, including randomized controlled trials (RCTs), have compared SILA
with CLA in the last few years. However, most have only demonstrated the
feasibility and safety of SILA. The clinical benefits and disadvantages between
SILA and CLA are still controversial.

Innovations and breakthroughs

The authors identified all RCTs comparing SILA with CLA. A meta-analysis and
systematic review was conducted according to the Cochrane Handbook. From
this study, the disadvantages of SILA were determined to be longer operative
times and higher conversion rates, while the benefit of SILA was cosmetic satis-
faction among patients. This has not been clearly identified in previous studies.

Applications

From a curative perspective, SILA is proven to be a safe and effective treatment
that is comparable to CLA. Based on the benefits and disadvantages of SILA,
surgeons should carefully assess each patient's situation and discuss surgical
options that meet their needs.

Peer review

This article is a good meta-analysis about single-incision laparoscopic ap-
pendectomy vs conventional laparoscopic appendectomy. The conclusions are
unbiased and give good clues to the readers.
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