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Purpose: This study aimed to compare clinical outcomes for single-incision laparoscopic appendectomy (SILA) and con-
ventional laparoscopic appendectomy (CLA) for the treatment of acute appendicitis and to assess the feasibility of per-
forming SILA in a small hospital with limited surgical instruments and staff experience.

Methods: Retrospective record review identified 133 patients who underwent laparoscopic appendectomy from December
2013 to April 2015. Patients were categorized according to the type of appendectomy performed (SILA or CLA). Patient
characteristics and surgical outcomes were compared between the 2 groups. Postoperative complication rates were com-
pared using the Clavien-Dindo classification. Postoperative pain was assessed using a visual analog scale immediately
postsurgery; at 12, 24, 36, and 48 hours postoperatively, and at 7 days postoperatively.

Results: Record review identified 38 patients who had undergone SILA and 95 patients who had undergone CLA. No signifi-
cant differences in clinical characteristics were found between the 2 groups. There were no significant differences in
operation time, time to flatus, or length of hospital stay. Overall complication rates were not significantly different between
the 2 groups. No complications worse than grade llla occurred in the SILA group. Postoperative pain scores were not signi-
ficantly different between the 2 groups at any time point.

Conclusion: We found comparable surgical outcomes for SILA compared to CLA. Even in a small hospital with limited

surgical instruments and staff experience, SILA may be a feasible and safe technique.
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INTRODUCTION

Conventional laparoscopic appendectomy (CLA) using three
port incisions is accepted as the standard technique for pa-
tients with acute appendicitis [1]. CLA has been shown to have
several advantages over an open approach, including less sur-
gical trauma, faster recovery, decreased complications, less post-
operative pain, and improved cosmetic outcomes [2-4]. Although
the results of CLA are already excellent, surgeons have sought
to develop techniques to further reduce surgical trauma and to
improve cosmetic outcomes for patients. Therefore, as single-
site access laparoscopic procedures have become a rapidly

evolving trend in the surgical field, single-incision laparoscopic
appendectomy (SILA) has recently gained popularity as a treat-
ment for acute appendicitis [5,0].

To date, there have been several randomized clinical trials
comparing outcomes for SILA and CLA [7-9]. However, a con-
sensus regarding the objective benefits of SILA has not been
reached [10]. Furthermore, previously published randomized
clinical trials comparing these procedures were conducted in
general hospitals with large numbers of patients and excellent
surgical environments [6]. Therefore, it remains a debatable
issue whether SILA can be performed safely as an alternative
procedure for CLA in smaller hospitals with more limited

Received May 3, 2016, Reviewed June 9, 2016, Accepted June 9,2016

Corresponding Author: Hyung Soon Lee

Department of Surgery, National Health Insurance Service llsan Hospital,
100 llsan-ro, llsandong-gu, Goyang 10444, Korea

Tel: +82-31-900-0342, Fax: +82-31-900-0343

E-mail: crew3236@hanmail.net

Copyright (¢) 2016, the Korean Surgical Society

(€O Annals of Surgical Treatment and Research is an Open Access Journal. All
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.



Byung Hee Kang, et al: Single-incision laparoscopic appendectomy

surgical instruments and staff experience.

Currently, CLA is the standard treatment for acute appen-
dicitis in the Korean Armed Forces Hospital. However, military
service is compulsory for all healthy young men in Korea, and
particularly in this patient population, less invasive surgery
might permit faster return to vigorous activity. Although SILA
is occasionally performed at the Armed Forces Capital Hos-
pital, SILA is not the preferred operation for appendicitis in
the majority of smaller Korean Armed Forces Hospitals due to
limited surgical instrument availability and staff experience
[11]. Thus, this study aimed to compare clinical outcomes for
SILA and CLA and to assess the feasibility of performing SILA
in a small hospital with limited surgical instruments and staff
experience.

METHODS

Retrospective record review identified 133 patients who
had undergone laparoscopic appendectomy from December
2013 to April 2015, at the Armed Forces Ildong Hospital by four
surgeons skilled in CLA. A diagnosis of acute appendicitis was
suspected when a patient presented with a history of right
lower quadrant abdominal pain or periumbilical pain migrating
to the right lower quadrant, with nausea and/or vomiting,
right lower quadrant guarding, and abdominal tenderness on
physical examination [12]. The diagnosis of acute appendicitis
was confirmed using contrast-enhanced abdominal CT to
identify typical findings of acute appendicitis [13].

The type of surgery was chosen based on patient preference
after written informed consent was obtained. SILA was per-
formed for patients who had acute appendicitis even in the
presence of perforation. However, SILA was not performed
for patients who had generalized peritonitis after perforation,
severe adhesions due to prior surgery, or incidental identifica-

tion of another disease on preoperative abdominal CT. This
study was approved by the Institutional Review Board of the
Armed Forces Medical Command (AFMC-16002-1RB-16-001).

SILA surgical technique

A 2.0-cm transumbilical vertical skin incision was used for
single-site access. After the skin incision was made, a wider,
approximately 3.0-cm incision, was made in the umbilical
fascia. A single-incision laparoscopic surgery port (S-Oneport,
ERAE S, Seoul, Korea) with 3 trocar channels was then inserted
into the access site incision (Fig. 1A). After pneumoperitoneum
was achieved, a rigid 30° 5-mm telescope was placed into the
peritoneal cavity. Two laparoscopic instruments were then
introduced into the peritoneal cavity. Only straight-type
instruments were used. Under direct visualization, ultra-
sonic coagulating shears (Harmonic Scalpel, Ethicon Endo-
Surgery Inc., Cincinnati, OH, USA) were used to dissect the
mesoappendix and appendiceal artery. The appendix base was
then ligated using an endoloop absorbable thread (Ethicon,
Somerville, NJ, USA) and divided using a Harmonic Scalpel.
Extraction of the appendix was done using a specimen retrieval
bag (Endocatch; Covidien, Mansfield, MA, USA). If an additional
trocar was needed, skin and fascial incisions were made and
a 5-mm extra trocar was inserted in the suprapubic area. A
closed-suction drain was inserted at the suprapubic additional
trocar site when perforated appendicitis was discovered intra-
operatively. At the conclusion of the procedure, the fascia was
closed using running 2-0 absorbable suture (Vicryl, Ethicon,
Somerville, NJ, USA), and skin incisions were closed using
interrupted 4-0 absorbable subcuticular sutures (Fig, 1B).

CLA surgical technique
CLA required the introduction of a 30° 10-mm rigid scope

through a 1-cm infraumbilical incision. Two additional 5-mm

Fig. 1. Single-incision laparoscopic port. (A) The port is composed of one 5-mm and two 12-mm trocar channels. (B) The
umbilical wound of single-incision laparoscopic appendectomy at immediate postoperative time.
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incisions were made in the suprapubic area and the left lower
quadrant for the insertion of working ports. Working through
these 3 ports, the intra-abdominal appendectomy procedure
was same as described for the SILA procedure above. Appen-
dix specimens were retracted using a specimen retrieval
bag and removed through the infraumbilical incision. The
infraumbilical fascia was closed using running 2-0 absorbable
suture. Skin incisions were closed using a skin stapler device.

Antibiotics, postoperative care, and follow-up
Patients received routine intravenous administration of 1

g of ceftriaxone every 24 hours from the time of diagnosis
until postoperative day 1. In cases of perforated or gangrenous
appendicitis, 500-mg metronidazole was added every & hours
until fever was relieved. Sips of water were started on the day
of first flatus, and advancement to a regular diet depended
on each patient’s individual condition. Nonsteroidal anti-
inflammatory drugs were routinely injected every 8 hours via
an intravenous catheter until the day after surgery. Additional
pain medications were given according to the surgeon’s judg-
ment if pain was not relieved. No opioids were used for pain
control. Patients were discharged when they were tolerating
a regular diet and no other specific symptoms were present.
Regular follow-up was not needed.

Patient characteristics and outcome variables
Patient characteristics and surgical outcomes for SILA and

CLA were investigated. Clinical characteristics included in the
analysis were age, sex, body mass index (BMI), presence of
perforated appendicitis, presence of retrocecal appendix, and
laboratory data (WBC count, neutrophil percentage, platelet
count, CRP, total bilirubin, AST, ALT, PT, and aPTT). Surgical
outcome measures included operative time, time to first flatus,
time to regular diet, length of hospital stay, postoperative pain
scores, and the occurrence of postoperative complications.
Perforated appendicitis and retrocecal appendix were assessed
at the time of surgery. The operative time was defined as the
duration of surgery, beginning with the skin incision and
ending with the application of the final wound dressing. The
time to first flatus was defined as the time until the patient's
notification to the care team of first gas passage after surgery.
The length of hospital stay was calculated by considering
the day of operation as day 0. Postoperative pain scores were
recorded using a standard visual analog scale and were assessed
immediately postsurgery, at 12, 24, 36, and 48 hours, post-
operatively, and at 7 days postoperatively. Postoperative com-
plications were assessed using the Clavien-Dindo classification
[14]. Wound problems were defined as surgical site infections or
the occurrence of wound dehiscence. Ileus and intra-abdominal
abscess were diagnosed using radiologic criteria.

Statistical analysis
An independent Student t-test and repeated measures an-

alysis of variance were used for comparisons of continuous vari-
ables. Categorical variables were analyzed using chi-square tests.
Statistical analysis was performed using IBM SPSS ver. 18.0 (IBM
Co., Armonk, NY, USA), and statistical significance was defined
as P < 0.05.

RESULTS

Patient characteristics
Records were reviewed for 133 patients with acute appen-

dicitis who underwent laparoscopic appendectomy. Among
these patients, 38 underwent SILA and 95 underwent CLA. All
patients were male, and mean age was 21.4 years. No significant
differences between groups were found for age, BMI, incidence
of perforation, or presence of retrocecal appendix. In addition,
there were no statistical differences between the 2 groups in
the laboratory test results (Table 1).

Surgical outcomes
Mean operative time was slightly longer in the SILA group

compared to CLA, but this difference in operative times was
not statistically significant (Table 2). There was no significant
difference between groups in time to first flatus, time to regular

Table 1. Patient characteristics

Characteristic SILA (n = 38) CLA (n =95) P-value
Age (yr) 22.7+4.0 223 +4.1 0.306
Body mass index 23.0+2.7 23.8+3.0 0.559

(kg/m?)
Perforation case 3(7.9) 16 (16.8) 0.183
Rectrocecal type 4 (10.5) 12 (12.6) 0.736
WBC (x10 cells/pL) 124+ 47 13.0+£42  0.574
Neutrophil percentage ~ 75.3 +12.3 77.7 £9.3 0.275
(%)
Hemoglobin (g/dL) 15.5 + 1.1 155+ 1.0 0.981
Platelet (x1 OS/HL) 214.4+36.3 225.2+459 0.196
C-reactive protein 2.1 +3.1 33+54 0.124
(mg/dL)
Total bilirubin (mg/dL) 0.7 £ 0.5 0.8 +0.5 0.701
AST (IU/L) 34.0+31.5 31.6 +22.8 0.636
ALT (IU/L) 21.8+11.1 23.8+19.7 0.547
Prothrombine time 1.1+0.1 1.1+0.1 0.991
(INR)
aPTT (sec) 30.0 + 4.1 31.0+5.2 0.273

Values in parentheses are mean + standard deviation or number
(%).

SILA, single-incision laparoscopic appendectomy; CLA, conven-
tional laparoscopic appendectomy; INR, international normal-
ized ratio.
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Table 2. Surgical outcomes in the SILA group versus the
CLA group

Variable SILA (n = 38) CLA (n =95) P-value
Operation time (min) 45.0+12.2 42.7+33.8 0.150
Time to first flatus (day) 1.1+0.7 1.1+0.6 0.688
Time to regular diet (day) 1.8+1.1 22+1.3 0.087
Length of hospital stay (day) 8.8+3.3 10.4+6.4 0.127
Drain insertion® 3(7.9) 17 (17.9) 0.060
Additional port 3(7.9) 0 (0) 0.006

Values in parentheses are mean =+ standard deviation or number
(%).

SILA, single-incision laparoscopic appendectomy; CLA, conven-
tional laparoscopic appendectomy.

Table 3. Complications in the SILA group versus the CLA
group

Complication (nSlng‘g) (nC=Lg\5) P-value
Total 5(13.2) 11(11.6) 0.800
Grade |
Wound 3(7.9) 7 (7.4) 0.584
Postoperative ileus 1(2.6) 1(1.1) 0.491
Grade Il
Intra-abdominal abscess 1(2.6) 1(1.1) 0.491
Grade IlIb
Intra-abdominal abscess 0 (0) 1(1.1) 0.714
Incomplete appendectomy 0 (0) 1(1.1) 0.714

Values in parentheses are number (%).

SILA, single-incision laparoscopic appendectomy; CLA, conven-
tional laparoscopic appendectomy.

Complication analysis employed the Clavien-Dindo classifica-
tion.

diet, or length of hospital stay. Three patients in the SILA group
received drain insertion via an additional trocar site due to the
presence of perforation of the appendix. In the CLA group, 17
patients received drain insertion: for perforated appendicitis in
16 patients and to monitor bleeding in one.

Overall postoperative complication rates were not found to
be significantly different between the 2 groups. In the SILA
group, grade I complications developed in 4 patients (10.5%):
wound problems in three patients and ileus in 1 (Table 3).
A grade II complication developed in 1 SILA patient (2.6%).
In this patient, an intra-abdominal abscess was detected on
follow-up CT. The patient recovered after antibiotic treatment.
No complications above grade Illa were reported in the SILA
group. In the CLA group, Grade I complications developed in 8
patients (8.5%): wound problems in 7 and ileus in 1. A grade II
complication developed in one CLA patient (1.1%). This patient
developed an intra-abdominal abscess which was successfully
treated with antibiotics. In the CLA group, 2 patients developed

4 -
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0
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Postoperative 12 Hr 24 Hr 36 Hr 48 Hr 7 Day

Fig. 2. Change of visual analog scale (VAS) pain score ac-
cording to type of surgery. Values are presented as mean +
standard deviation. SILA, single-incision laparoscopic appen-
dectomy; CLA, conventional laparoscopic appendectomy.

grade I1Ib complications (2.2%). One patient developed a pelvic
abscess that required reoperation. The other patient underwent
a second complete appendectomy due to remnant appendicitis.

Postoperative pain scores were found to decrease gradually as
time passed, and no significant differences were found between
the 2 groups at any of the follow-up time points (Fig. 2).

DISCUSSION

The current study found that surgical outcomes for SILA were
not significantly different from those for CLA. Complications
above grade Illa were observed only in the CLA group, and inci-
dence rates for postoperative complications were not signifi-
cantly different between the 2 groups. Postoperative pain scores
at each follow-up time point also demonstrated no significant
differences between the 2 groups. From these data, we conclude
that SILA and CLA may achieve similar surgical outcomes in
small hospital with limited surgical instruments and staff
experience.

An early theoretical concern for single incision laparoscopic
surgery was that reduced surgical access and visualization
might compromise patient safety [15]. And early reports sug-
gested that SILA might be associated with a higher incidence
of wound infection [16]. However, as laparoscopic techniques
and equipment have improved, recent studies have reported
that SILA has similar postoperative complication rates to CLA
[15,17]. In a review of randomized trials, Markar et al. [5] found
no significant difference between CLA and SILA not only in
the overall incidence of surgical complications, but also in
the incidence of wound infection, intra-abdominal collection,
and ileus. And in their systematic meta-analysis, Xu et al. [17]
also found no difference between SILA and CLA in rates of
overall, surgical, or medical complications, results that these
authors proposed might be due to the fact that SILA and CLA
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both achieve the same organ and mesoappendix resection. In
agreement with 3 previous studies, our current study found
no difference in complication rates between the SILA and CLA
groups, and notably, there were no complications above grade
Ila in the SILA group. Therefore, the results of this study pro-
vide further support for SILA as a safe alternative procedure
to CLA that does not lead to increased complication rates or
severity.

Cases of complicated appendicitis were excluded from early
studies of SILA because the safety of this procedure was not
proven due to technical difficulties [18-21]. However, SILA has
been performed for cases of complicated appendicitis in recent
studies, and complication rates for SILA have not been found
to be significantly greater compared to CLA [7,8,10,22]. Kang
et al. [22] suggested that SILA may be performed for cases of
complicated appendicitis because an additional trocar can be
used if needed. The use of an additional trocar provides space
for triangulation, as well as a site for drain insertion. The
insertion of an additional trocar may offer convenience for the
surgeon, as well as enhanced patient safety. However, a recent
systematic review reported that the rate of additional trocar
insertion was lower during SILA than the rate of drain insertion
during CLA [17]. These findings suggest that surgeons may
hesitate to use an additional trocar because then more than a
single incision is made, However, the use of an additional trocar
should be actively considered in difficult cases for the patient's
safety. In this regard, an additional trocar was used for all three
patients with perforated appendicitis in the SILA group in this
study. Notably, in this study, no complications above grade Illa
were observed in SILA group.

Previous studies have reported longer operative times for
SILA compared to CLA [5,6,8,9,17,18]. Carter et al. [9] have
suggested that operative times for SILA may be longer than
CLA due to a lack of triangulation for the target organ using the
SILA approach and the need to close a longer fascial incision.
And Kim et al. [19] also demonstrated that technical instrument
handling difficulties contributed to longer operative times.
Therefore, the use of roticulating devices is recommended
during SILA, and the SCARLESS Study Group has demonstrated
that operation times are about 15 minutes shorter than CLA
with roticulating devices [10]. However, roticulating devices are
expensive and not always available in most small hospitals.
Moreover, recent studies have demonstrated that similar
operative times may be achieved with conventional straight
devices [7,23]. In accordance with these recent studies, the
present study used only straight laparoscopic instruments, and
operation times were not found to be statistically different
between the SILA and CLA groups. Therefore, our results
suggest that SILA may not require longer operation times than
CLA, and that conventional straight devices may be sufficient to
perform SILA without an increased operative time.

Several previous reports have also suggested that SILA may
be associated with greater postoperative pain than CLA, due
to the use of larger transumbilical skin and fascial incisions
and stretching of the surgical incision during SILA [9,18,21].
However, there has been controversy as to whether SILA does
increase postoperative pain. Frutos et al. [8] suggested that
SILA resulted in less pain because the total size of the skin
incisions is reduced and they do not perforate the aponeurosis
and muscle. And recent prospective studies have demonstrated
similar postoperative pain levels for SILA and CLA [20,24]. As
an explanation for these findings, Lee et al. [7] have suggested
that the increase in port size for SILA may be offset by the
reduced number of trocars, resulting in pain levels that are not
significantly different after the 2 procedures. In accordance
with these previous reports, the current study found that
postoperative pain in the SILA group was not significantly
different from the CLA group. Therefore, our results also suggest
that SILA may not increase postoperative pain compared to
CLA.

The present study does have several limitations. First,
current study included only young, low BMI, male patients
as a result of being conducted in a military hospital. Thus,
our study was unable to assess the effectiveness of SILA in
more diverse patient populations, including obese and elderly
patients. Also, since the patients had to return to the military
base after discharge, the length of hospital stay was longer
than in previous studies conducted on civilian populations. In
addition, since the type of surgery was chosen by the patient
after informed consent, procedures were not randomized.

In summary, the current study found that SILA provided
comparable surgical outcomes to CLA and did not result in
increased postoperative complication rates. Therefore, we
conclude that SILA may be performed safely as an alternative
procedure for CLA, even in a small hospital with limited
surgical instruments and staff experience.
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