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Single-incision versus conventional laparoscopic
appendectomy in 688 patients: a retrospective
comparative analysis

Background: Laparoscopic surgery has become the standard for treating appendi -
citis. The cosmetic benefits of using single-incision laparoscopy are well known, but
its duration, complications and time to recovery have not been well documented. We
compared 2 laparoscopic approaches for treating appendicitis and evaluated postoper-
ative pain, complications and time to full recovery.

Methods: We retrospectively reviewed the cases of consecutive patients with appen-
dicitis and compared those who underwent conventional laparoscopic appendectomy
(CLA) performed using 3 incisions and those who underwent single-incision laparo-
scopic appendectomy (SILA). During SILA, the single port was prepared to increase
visibility of the operative site.

Results: Our analysis included 688 consecutive patients: 618 who underwent CLA and
70 who underwent SILA. Postsurgical complications occurred more frequently in the
CLA than the SILA group (18.1% v. 7.1%, p = 0.018). Patients who underwent SILA
returned to oral feeding sooner than those who underwent CLA (median 12 h v. 22 h,
p < 0.001). These between-group differences remained significant after controlling for
other factors. Direct comparison of only nonperforated cases, which was determined by
pathological examination, revealed that SILA was significantly longer than CLA (60 min
v. 50 min, p < 0.001). Patients who underwent SILA had longer in-hospital stays than
those who underwent CLA (72 v. 55 h, p < 0.001); however, they had significantly fewer
complications (3.0% v. 14.4%, p = 0.006).

Conclusion: In addition to its cosmetic advantages, SILA led to rapid recovery and
no increase in postsurgical pain or complications.

Contexte : La chirurgie laparoscopique est devenue la norme pour le traitement de
l’appendicite. Les avantages de la laparoscopie à simple incision au plan esthétique
sont bien connus, mais la durée de l’intervention, ses complications et le temps de
récupération n’ont pas été adéquatement documentés. Nous avons comparé
2 approches laparoscopiques pour le traitement de l’appendicite et évalué la douleur et
les complications postopératoires, de même que le temps de récupération complète. 

Méthodes : Nous avons passé en revue de manière rétrospective les dossiers de
patients consécutifs atteints d’appendicite et comparé ceux qui ont subi une appen-
dicectomie laparoscopique classique (ALC) à 3 incisions à ceux qui ont subi une
appendicectomie laparoscopique à simple incision (ALSI). Durant l’ALSI, l’incision
était préparée de manière à améliorer la visibilité du champ opératoire.

Résultats : Notre analyse a inclus 688 patients consécutifs : 618 qui ont subi une
ALC et 70, une ALSI. Les complications postopératoires ont été plus nombreuses
dans le groupe soumis à l’ALC qu’à l’ALSI (18,1 % c. 7,1 %, p = 0,018). Les patients
soumis à l’ALSI ont repris l’alimentation orale plus rapidement que ceux qui avaient
subi une ALC (temps médian 12 h c. 22 h, p < 0,001). Ces différences entre les
groupes sont demeurées significatives après incorporation d’autres facteurs. La com-
paraison directe des cas non perforés seulement, révélés par l’examen anato-
mopathologique, a révélé que l’ALSI a demandé significativement plus de temps que
l’ALC (60 min c. 50 min, p < 0,001). Les patients soumis à l’ALSI ont séjourné plus
longtemps à l’hôpital que les patients soumis à l’ALC (72 h c. 55 h, p < 0,001); toute-
fois, ils ont présenté significativement moins de complications (3,0 % c. 14,4 %,
p = 0,006).

Conclusion : En plus de ses avantages au plan esthétique, l’ALSI a permis une récupéra-
tion rapide, sans accroissement de la douleur ou des complications postopératoires.
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T he benefits of laparoscopic surgery compared with
conventional abdominal surgery have been demon-
strated, including reduced postoperative pain and

morbidity, shorter hospital stays and shorter recovery time
for various abdominal surgeries.1–3 Minimally invasive single-
port laparoscopic techniques, such as single-incision laparo-
scopic surgery (SILS) and natural orifice transluminal endo-
scopic surgery (NOTES) have further improved surgical
outcomes, providing virtually scar-free surgery when per-
formed by an experienced surgeon.4 However, several draw-
backs have been reported for NOTES, including the need
for an additional incision to gain access to the peritoneal cav-
ity, the possibility of perforation leading to serious morbidity,
possible longer recovery time and a steep learning curve.4,5

In SILS, all laparoscopic working ports enter the
abdominal wall through the same incision. This technique
offers a number of advantages in addition to improved cos-
metic results, including few complications and rapid
patient recovery. Although a review of studies on NOTES
procedures found reports of pain and complications equiva -
lent to those of multiport laparoscopic approaches,6  studies
have also shown that patients have experienced less pain
and fewer complications with SILS,5 including single-port
laparoscopic appendectomy (SILA).7 In addition, SILS can
be safely converted to conventional laparoscopic surgery at
any time during surgery.8

Laparoscopy has become the preferred approach for
treating appendicitis, especially in children.9 Appendicitis is
one of the most common surgical emergencies, particularly
among children, with the risk peaking at the age of 11–
12 years, and the lifetime risk is 7%–9%.10 The SILA pro -
ced ure has been applied in patients of all ages and is increas-
ingly used in a number of surgical centres.11 However, few
studies have compared SILA with conventional laparoscopic
appendectomy (CLA) using 3 trocars. A recent retrospective
study by Chow and colleagues5 reported that SILA is safe
and effective. Kim and colleagues8 and Hong and col-
leagues12 have reported an improvement of SILA that is
achieved by creating a single port from a surgical glove, a
wound retractor, small trocars and 3-way catheters. We
modified this technique to improve surgical site visibility.
Our goal was to determine whether SILA had advantages
other than cosmetic ones over CLA, including less pain,
fewer complications and rapid postsurgical recovery. Our
objective was to compare 2 laparoscopic approaches for
treating appendicitis and to evaluate postoperative pain,
complications and time to full recovery.

METHODS

Study design and participants

In this prospective observational study, all patients with
acute appendicitis admitted to Taipei Medical University
Hospital between February 2008 and October 2010 were

considered for laparoscopic surgery. We enrolled consecu-
tive patients who underwent either CLA or SILA. The
clinical characteristics and operative outcomes of these
patients were retrospectively reviewed and compared.
Informed consent to participate in the study was obtained
before surgery. The study protocol was reviewed and
approved by the Internal Review Board of the hospital.

Preoperative, intraoperative and postoperative
methods

Preoperative diagnoses were made by taking a thorough
history, performing a physical examination and ordering
laboratory tests. Ultrasonography and abdominal computed
tomography (CT) were performed if necessary. All SILA
procedures were performed by a single surgeon (H.-H.L.),
who had previously performed 10 SILA procedures. The
CLA procedure had been performed in our hospital for
more than 10 years, and all procedures were performed by
3 surgeons (H.-H.L. P.-L.W., W.W.), each of whom had
previously performed at least 1000 CLA procedures.

Patients were excluded from undergoing SILA if they
had a history of major lower abdominal surgery, septic shock
or compromised cardiopulmonary function, in which case
creating the pneumoperitoneum under general anesthesia
was contraindicated. In addition, we excluded patients with
complicated appendicitis who had inflammation that lasted
for more than 1 week or who had a palpable tumour mass in
the right lower quadrant confirmed by CT. Generalized
peritonitis was not considered an exclusion criterion for
SILA. Patients younger than 12 years and patients under -
going incidental appendectomy were also excluded from this
study. Finally, because CLA was free of charge and covered
by our national health insurance system, whereas SILA is
not covered by health insurance in Taiwan, some patients
opted not to undergo SILA. Because patients themselves
chose the procedure, assignment was not random.

Main outcome measures

The main outcomes studied included the duration of
surgery, time to resuming oral feeding, length of stay in
hospital (LOS), complications and pain. The size of the
incision was recorded, and was the same as the diameter of
the trocar. We evaluated the level of pain by assessing the
total dose of analgesics used within the first 24 hours after
surgery. The analgesics, which were administered to
patients with pain scores greater than 4.0, were converted
to an amount equivalent to 50 mg of intravenous meperi-
dine hydrochloride to simplify and clarify comparisons.

Surgical techniques

The CLA procedure was performed in the usual manner.
Patients were placed in a supine position, and their feet
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were not elevated during surgery. During the operation,
the surgeon and assistant stood on the left side of the
patient, with the monitor placed on the opposite side. The
operation was performed using 3 incisions. A 10 mm
umbilical wound was made for movement (in and out) of
the 10 mm clip and for removal of the appendix, a 5 mm
suprapubic incision was made for insertion of the laparo-
scopic camera, and a 5 mm right lower abdominal wound
served as an assistant port for instruments. A clip was used
to occlude the stump of the appendix, and a long-tipped
grasper was used to occlude the distal end of the appendix.
After transection of the appendix, the wounds were closed
with 2–0 polyglactin 910 sutures.

The SILA procedure was performed by applying a
modification of a previously described technique.8,12 During
the operation, the surgeon and the assistant stood on the
left side of the patient, with the monitor placed on the

opposite side (Fig. 1B). Under general anesthesia, a port
using a 1.5 cm vertical intraumbilical skin incision was cre-
ated. A surgical glove was used to create a single port, with
an extra-small wound retractor (Applied Medical; Fig. 1A).
The wound retractor was set up through the 1.5 cm umbil-
ical incision. The surgical glove, attached with 1 trocar and
2 pipes, which served as working channels, was fixed to the
outer ring of the wound retractor. The wound retractor
and surgical glove were rolled together (Fig. 1A). The
transparency between the glove and retractor provided
better direct vision of instrument movements, which facili-
tated the procedure. When abdominal fluid was cloudy or
pus-like, a 7 mm Jackson–Pratt drainage tube was inserted
through the single umbilical incision in the direction of the
pelvic cavity (Fig. 1C).

Next, the patient was placed in the Trendelenburg posi-
tion with the left side of the body rotated down. A clip was
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Fig. 1. (A) External view of the surgical area during single-incision laparoscopic appendectomy (SILA). The
wound retractor is set up through a small umbilical incision. The surgical glove, attached with a reusable
trocar and 2 pipes, is fixed to the outer ring of the wound retractor. Note the transparency in the lower por-
tion of the retractor (arrow, bottom left); this aids visibility and placement of the surgical instruments
through the small abdominal wound. (B) During SILA, the surgeon and the assistant stand on the left side
of the patient with the monitor placed on the opposite side. (C) If drainage is necessary, a drain (Jackson–
Pratt drain, 10 mm) can be inserted through the single umbilical incision toward the pelvic cavity. (D) Sur -
gical scar immediately after completion of SILA; this patient had a ruptured appendix, and a drainage tube
was inserted. (E)The surgical scar in the same patient 1 year after surgery.
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used to occlude the stump of the appendix, and a long-tipped
grasper was used to occlude the distal end of the appendix.
Once the appendix was transected, the surgical glove was
detached from the outer ring of the wound re tract or. After
removing the wound retractor, the umbilical fascia was closed
with 2–0 polyglactin 910 sutures. Because the incision was so
small and the umbilicus naturally depressed, an additional
stitch in the subcutaneous layer was not usually placed
(Fig. 1D). To avoid complications after surgery, initially
placed drainage tubes were in high proportion among the
patients, including some patients in whom 2 drainage tubes
were placed in the pelvis and the right side of the abdomen to
handle the amount of intra-abdominal pus.

Patients were assessed every 2 hours. If bowel sounds
were present postoperatively, the patient was allowed to
attempt drinking fluids, and if there was no discomfort
solid food was allowed. Patients were discharged once they
could resume out-of-bed activities without assistance and if
they had no fever or discomfort after eating. Postoperative
cosmetic assessment occurred before the patient was dis-
charged. Patient follow-up varied, and we relied on med-
ical records and telephone interviews to determine the
occurrence of complications or incision hernias.

Statistical analysis

All statistical assessments were performed using SPSS
software version 15.0 (SPSS Inc.). All continuous variables
are presented as medians with interquartile ranges (IQRs).
We tested the differences between the 2 groups using the
nonparametric Mann–Whitney test for non-normal distri-
butions. Categorical variables were summarized as counts
with percentages, and we assessed the associations
between these variables and the surgical procedure using
the Fisher exact test.

To compare the surgeries with adjustment for latent
confounders, univariable and multivariable logistic
regression models and general linear models were carried
out to evaluate complications and oral feeding times,
respectively. The results of the logistic regression models
are summarized as odds ratios (ORs) with 95% confi-
dence intervals (CIs), and the weight of coefficients (β)
with 95% CIs are presented in general linear models.
Each variable with results of p < 0.20 in the correspond-
ing univariable model was stepwise-entered into the
multi variable model. We considered results to be signifi-
cant at p < 0.05. 
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Table 1. Demographic and clinical characteristics of study patients, by group 

Characteristic 

Group; no. (%)* or median [IQR]† 

p value SILA, n = 70 CLA, n = 618 

Age, yr 25.0 [18.0–32.0] 30.5 [20.0–40.0] 0.039 

Sex    

Female 57 (81.4) 321 (51.9) < 0.001 

Male 13 (18.6) 297 (48.1)  

BMI 20.1 [18.3–22.5] 20.6 [18.2–24.1] 0.48 

Time from appearance of symptoms to 
hospital admission, h 

30.0 [24.0–48.0] 24.0 [10.0–48.0] < 0.001 

White blood cell count, × 109/L 12.4 [8.7–14.6] 12.3 [9.6–15.1] 0.48 

Neutrophils 81.1 [74.2–85.8] 79.1 [70.0–85.6] 0.15 

    esaesid lacinilc rojam suoiverP

Nil 68 (97.1) 589 (95.3) 0.012 

Cardiovascular   )8.1( 11 )0( 0

  )9.2( 81 )0( 0 esaesid cimetsyS

  )0( 0 )4.1( 1 sutillem setebaiD

G6PD   )0( 0 )4.1( 1

    yregrus lanimodba suoiverP

Nil 70 (100) 550 (89.0) 0.008 

  )5.1( 9 )0( 0 nemodba reppU

  )4.9( 85 )0( 0 nemodba rewoL

  )2.0( 1 )0( 0 nemodba rewol dna reppU

Symptoms    

Fever 25 (35.7) 174 (28.2) 0.21 

 92.0 )5.33( 702 )0.04( 82 tespu lanitsetniortsaG

 500.0 )2.3( 02 )4.11( 8 niap lanimodba esuffiD

.0 < )0.65( 643 )4.19( 46 niap tnardauq rewol thgiR 001 

 100.0 < )6.1( 01 )1.75( 04 gnitimov/aesuaN

BMI = body mass index; CLA = conventional laparoscopic appendectomy; G6PD = glucose-6-phosphate dehydrogenase;  
IQR = interquartile range; SILA = single incision laparoscopic appendectomy. 
*Determined by Fisher exact test.  
†Determined by Mann–Whitney U test. 
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RESULTS

From February 2008 to October 2010, 688 consecutive
patients with appendicitis were enrolled in the study. Of
these, 70 patients chose SILA and the other 618 patients
chose CLA. The demographic and clinical characteristics
of participants are summarized in Table 1. Patients in the
CLA group were significantly older than those in the SILA
group (median 30.5 yr v. 25.0 yr, p = 0.039). The propor-
tion of female patients was significantly higher in the SILA
group than in the CLA group (81.4% v. 51.9%, p < 0.001).
No significant differences were observed in body mass
index between the groups. The time between the appear-
ance of symptoms to hospital admission was longer in the
SILA group than the CLA group (median 30 h v. 24 h,
p < 0.001). Most patients had no previous major diseases or
abdominal surgery; however, 1 patient in the SILA group
had glucose-6-phosphate dehydrogenase deficiency and 1
had diabetes mellitus, and 29 patients in the CLA group
had cardiovascular disease or other systemic disease. Thus,
there was a significant difference in previous major disease
histories between the groups (p = 0.012). No patients in the
SILA group had previous abdominal surgery, whereas 10%

of patients in the CLA group had previous (but not major)
abdominal surgery (p = 0.008).

The number of drainage tubes required was different
between the groups: 17.1% of patients in the SILA group
received 1 or 2 drains, compared with 8.1% in the CLA
group (p = 0.047; Table 2). Sixty-six (10.7%) patients in the
CLA group had ruptured (perforated) appendices com-
pared with no patients in the SILA group (p = 0.001).
According to pathology results, 70 (11.3%) and 3 (4.3%)
patients in the CLA and SILA groups, respectively, had a
perforated appendix (p = 0.037). The duration of surgery in
the SILA group was significantly longer than that in the
CLA group (60 min v. 55 min, p = 0.001). There were no
significant differences between the groups with respect to
LOS and the total dosage of analgesics (Table 2).

Approximately 18% of patients in the CLA group had
postsurgical complications compared with 7.1% in the
SILA group (p = 0.018). The results of our multivariable
logistic regression model to investigate factors that might
impact the risk of complications are summarized in
Table 3. In univariable models, 11 variables reached statis-
tical significance (see the Appendix, Table S1, available at
canjsurg.ca). In the multivariable model, the symptom of
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Table 2. Surgery-related outcomes by group 

Factor 

Group; no. (%) or median [IQR] 

p value SILA, n = 70 CLA, n = 618 

    sebut niard fo rebmuN

0 58 (82.9) 568 (91.9) 0.047 

1   )6.7( 74 )1.71( 21

2   )5.0( 3 )0.0( 0

    sgnidnif evitarepoartnI

 21.0 )9.07( 834 )0.08( 65 noitammalfnI

 06.0 )7.41( 19 )1.71( 21 suonergnaG

00.0 )7.01( 66 )0.0( 0 xidneppa detarofrep/derutpuR 1 

 05.0 )0.4( 52 )4.1( 1 seticsa )sup( suolyhC

 83.0 )1.2( 31 )0.0( 0 ssecsba lacol/ssecsbA

Adhesion  60.0 )9.4( 03 )0.0( 0

    ciseglana fo esod latoT

None 44 (62.9) 405 (65.5) 0.69 

≥   )5.43( 312 )1.73( 62 enidirepem gm 05

Pathology    

 730.0 )7.85( 363 )7.55( 93 xidneppa etucA

  )1.91( 811 )6.81( 31 xidneppa suonergnaG

  )3.11( 07 )3.4( 3 xidneppa detarofreP

Other   )8.01( 76 )4.12( 51

    semoctuo yregruS

Duration of surgery, min. 60.0 [55.0–75.0] 55.0 [40.0–70.0] 0.001 

 03.0 ]0.07–0.24[ 0.85 ]0.48–0.63[ 0.06 h ,SOL

Time to resuming oral feeding, h 12.0 [8.0–16.0] 22.0 [17.0–30.0] < 0.001 

 810.0 )1.81( 211 )1.7( 5 snoitacilpmoC

 70.0 )7.51( 79 )1.7( 5 noitcefni dnuoW

Ileus  99.0 > )5.0( 3 )0.0( 0

 99.0 > )0.1( 6 )0.0( 0 ssecsba lanimodba-artnI

 21.0 )6.0( 4              )9.2( 2 ainreh noisicnI

CLA = conventional laparoscopic appendectomy; IQR = interquartile range; LOS = length of stay in hospital; SILA = single incision 
laparoscopic appendectomy. 
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Table 3. Multivariable analyses of factors of complications and time to resuming oral feeding, 
by logistic regression and general linear models 

 Occurring complications Oral feeding time 

 )IC %59( RO rotcaF p value β (95% CI)  p value 

Surgery group, CLA v. SILA 2.85 (1.03 to 7.87) 0.043 12.83 (9.749 to 15.91) < 0.001 

.0 ot 400.0–( 60.0 39.0 )10.1 ot 99.0( 00.1 ry ,egA 11) 0.07 

Sex, male v. female 0.98 (0.63 to 1.52) 0.93 –0.37 (–2.201 to 1.46) 0.69 

Symptoms of gastrointestinal upset 1.66 (1.07 to 2.57) 0.023 — — 

Symptoms of diffuse abdominal pain 2.48 (0.95 to 6.46) 0.06 7.64 (3.009 to 12.26) 0.001 

     ygolohtaP

 — — — — xidneppa etucA

Gangrenous appendix 2.24 (1.34 to 3.74) 0.002 — — 

Perforated appendix 6.37 (3.58 to 11.34) < 0.001 — — 

 — — 420.0 )18.0 ot 50.0( 91.0 rehtO

 120.0 )90.01 ot 828.0( 64.5 — — stnuoc lihportueN

Operation !nding of ruptured 
appendix (perforated) 

— — 8.64 (5.362 to 11.92) < 0.001 

     sebut niard fo .oN

0 — — — — 

1 — — 5.13 (1.671 to 8.59) 0.004 

2 — — 63.26 (49.590 to 76.92) < 0.001 

CI = con!dence interval; CLA = conventional laparoscopic appendectomy; OR = odds ratio; SILA = single incision laparoscopic 
appendectomy. 

Table 4. Associations between surgeries and complications and surgery-related outcomes, 
strati!ed by symptoms and pathology 

Symptom or pathology; 
 .oN puorg

Complications Duration of surgery, min.  

No. (%)* p value Median (IQR)† p value 

 820.0  910.0   reveF

  )0.57–0.55( 0.06  )0.4( 1 52 ALIS

  )0.07–0.54( 0.55  )1.42( 24 471  ALC

 91.0  64.0   tespu lanitsetniortsaG

  )5.76–5.25( 0.06  )3.41( 4 82  ALIS

  )0.07–0.54( 0.55  )7.22( 74 702  ALC

 940.0  24.0   niap lanimodba esuffiD

  )5.26–0.04( 5.74  )0.52( 2 8  ALIS

  )0.18–5.25( 0.57  )0.54( 9 02  ALC

 100.0 <  32.0   niap QLR

  )0.57–0.55( 0.06  )8.7( 5 46  ALIS

  )0.56–0.04( 5.25  )5.41( 05 643  ALC

 17.0  110.0   gnitimov/aesuaN

  )5.27–0.05( 0.06  )0.5( 2 04  ALIS

  )0.57–0.53( 5.26  )0.04( 4 01  ALC

 900.0  70.0   xidneppa etucA

  )0.06–0.05( 0.06  )6.2( 1 93  ALIS

  )0.06–0.04( 0.05  )9.21( 74 363  ALC

 530.0  03.0   xidneppa suonergnaG

  )0.501–0.56( 0.09  )7.7( 1 31  ALIS

  )0.08–0.05( 0.06  )4.52( 03 811  ALC

 93.0  21.0   xidneppa detarofreP

  )0.59–0.52( 0.55  )001( 3 3 ALIS

  )0.09–0.06( 0.07  )1.74( 33 07  ALC

CLA = conventional laparoscopic appendectomy; IQR = interquartile range; RLQ = right lower quadrant; SILA = single incision 
laparoscopic appendectomy. 
*Determined by Fisher exact test.  
†Determined by the Mann–Whitney U test. 
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right lower quadrant pain was excluded owing to colinear-
ity. Pathology results and surgery group reached signifi-
cance and were the independent influence factors of com-
plications. After controlling for age, sex and other factors
using the same conditions, we found that patients who
received CLA had a higher risk of complications than
those treated with SILA (OR 2.85, p = 0.043); patients with
gangrenous appendices (OR 2.24, p = 0.002) and perfor -
ated appendices (OR 6.37, p < 0.001) had a significantly
higher risk for complications than those with acute appen-
dices; and patients with gastrointestinal (GI) upset symp-
toms had a higher risk of complications than those without
GI upset symptoms (OR 1.66, p = 0.023; Table 3).

Patients in the SILA group had a significantly shorter
time to resuming oral feeding than those in the CLA
group (median 12 h v. 22 h, p < 0.001; Table 2). The differ-
ences remained significant in multivariable analysis. The
results of the multivariable general linear model to investi-
gate factors that might impact the time to resuming oral
feeding are summarized in Table 3. In the univariable
model, 11 variables reached statistical significance (see the
Appendix, Table S1). The symptom of right lower quadrant
pain was excluded from the multivariable model owing to
colinearity. Neutrophil counts, diffuse abdominal pain,
number of drainage tubes, ruptured/perforated appendi -

citis and surgery group reached statistical significance and
were the independent influence factors of time to resuming
oral feeding. After controlling for age, sex and other fac-
tors, we found that patients treated with CLA had signifi-
cantly longer time to resuming oral feeding than those
treated with SILA; the difference was estimated as
12.83 hours (p < 0.001); oral feeding time was increased by
every unit increase in neutrophil count, with an estimated
difference of 5.46 hours (p = 0.021). Patients with diffuse
abdominal pain took much longer to reach the first oral
feeding than those without diffuse abdominal pain, and the
difference was estimated to be 7.64 hours (p = 0.001).
Patients with 1 or 2 drains had a significantly longer time
to resuming oral feeding than those without drains, and the
estimated differences were 5.13 hours (p = 0.004) and
63.26 hours (p < 0.001), respectively. Patients with ruptured
(perfor ated) appendices had significantly longer time to
resuming oral feeding than those without, and the esti-
mated difference was 8.64 hours (p < 0.001; Table 3).

Patients in the SILA group with any symptoms had
fewer complications than those in the CLA group
(Table 4), although there were no significant differences
among those with GI upset, diffuse abdominal pain and
right lower quadrant pain. Patients with acute appendicitis
and gangrenous appendicitis in the SILA group had fewer
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Table 5. Surgery-related outcomes by group for patients with nonperforated appendices 

Factor 

Group; no. (%)* or median [IQR]† 

p value SILA, n = 67 CLA, n = 548 

    sebut niard fo .oN

0 58 (86.6) 524 (95.6) 0.008 

1 9 (13.4) 23 (4.2) 
 

2  )2.0( 1 )0( 0
 

Intraoperative !ndings 
   

 25.0 )2.97( 434 )6.38( 65 noitammalfnI

 99.0 > )3.51( 48 )9.41( 01 xidneppa suonergnaG

Ruptured appendix (perforated) 0 (0) 13 (2.4) 0.38 

 99.0 > )5.1( 8 )0( 0 seticsa )sup( suolyhC

 99.0 > )5.0( 3 )0( 0 ssecsba lacol/ssecsbA

Adhesion 0 (0) 23 (4.2) 0.16 

    ciseglana fo esod latoT

None 44 (65.7) 373 (68.1) 0.68 

≥  )9.13( 571 )3.43( 32 enidirepem gm 05
 

Surgery outcomes 
   

Duration of surgery, min. 60.0 [55.0–75.0] 50.0 [40.0–65.0] < 0.001 

 100.0 < ]0.86–0.14[ 0.55 ]0.69–0.84[ 0.27 h ,SOL

Time to resuming oral feeding, h 12.0 [8.0–16.0] 22.0 [16.0–28.0] < 0.001 

 600.0 )4.41( 97 )0.3( 2 snoitacilpmoC

 510.0 )0.31( 17 )0.3( 2 noitcefni dnuoW

Ileus  99.0 > )4.0( 2 )0( 0

 99.0 > )4.0( 2 )0( 0 ssecsba lanimodba-artnI

 73.0 )5.0( 3 )5.1( 1 ainreh noisicnI

CLA = conventional laparoscopic appendectomy; IQR = interquartile range; LOS = length of stay in hospital; SILA = single-incision 
laparoscopic appendectomy. 
*Determined by Fisher exact test. 
†Determined by Mann–Whitney U test.  
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complications than patients in the CLA group, but the dif-
ference was not significant. All 3 patients with perforated
appendices in the SILA group experienced only mild
wound infections, but 47.1% of patients in the CLA group
experienced complications.

Incision wounds, 3 for CLA procedures and a single
navel wound for SILA procedures, were evaluated postop-
eratively before discharge by a member of the surgical team
(H.-H.L.). All wounds in all patients healed well with good
cosmetic results. Lower abdominal and suprapubic surgical
wounds were seen more obviously in patients who under-
went CLA, whereas the 1 SILA incision scar was well hidden
in the skin folds of the navel. The duration of surgery in
both groups was affected by symptoms and pathology.
Patients in the SILA group who had fever and right lower
quadrant pain had slightly longer surgeries than those in the
CLA group who had the same symptoms. However, this
changed with the degree of abdominal pain: those with dif-
fuse abdominal pain in the CLA group had longer surgeries
than patients with diffuse abdominal pain in the SILA group
(75.0 min v. 47.5 min, p < 0.05). The duration of surgery for
patients with acute appendicitis was significantly longer in
the SILA group than in the CLA group (p < 0.01). The
median duration of surgery for patients with gangrenous
appendices was 90 minutes in the SILA group compared
with 60 minutes in the CLA group (p < 0.05).

Further direct comparisons made between nonperfor -
ated appendices in the 2 groups (n = 615), are shown in
Table 5. After excluding 73 patients (3 in SILA group, 70 in
CLA group) with perforated appendices, as determined by
pathological examination, significant associations were
observed between the groups in the number of drain tubes,
duration of surgery, LOS, time to resuming oral feeding
and the complication of wound infection (all p < 0.05).

DISCUSSION

In this study, using a single incision and a novel port
approach provided several advantages over CLA: mainly
better cosmetic effects (Fig. 1E v. Fig. 1D), and no increase
in postsurgical pain or complications in a relatively large
group of patients.

Although many surgeons consider SILA to be a difficult
procedure with a challenging learning curve, increasing
experience is making this surgery far more available to
patients. It is important to note that the patients in this
study were not randomly assigned to the 2 groups. When
patients presented with an advanced stage of the disease,
such as ruptured or perforated appendicitis, they were
treated with CLA. Perhaps because of the cosmetic bene-
fits of SILA, younger patients and a greater percentage of
women selected SILA despite the procedure being more
costly. The novel technique using a surgical glove
improved the visibility of the procedure outside the belly
(Fig. 1A). As Hayashi and colleagues13 reported, the cost of

new port-related devices can be an important factor. The
use of a standard surgical glove for the single port provided
a simple and cost-effective method.

During SILA, instrument crowding can increase the dif-
ficulty of the surgery. Our technique used a transparent
glove, which allowed a better view of the operation and less
chance of instrument crossover. All SILA procedures were
successful, and there was no need to convert to CLA or to
open appendectomy. Hong and colleagues12 performed
transumbilical SILA in 33 patients, and 2 patients required
conversion to conventional 3-port laparoscopic appendec-
tomy owing to gangrenous changes and 1 patient needed
additional drainage. Oltmann and colleagues14 reported
that 2 of 39 pediatric patients required conversion from
SILA to CLA. A review of the literature by Ahmed and
colleagues15 in 2011 reported that the conversion rate from
SILA to CLA in published studies ranged from 0 to 41%.

Our results showed that the duration of surgery was
associated with symptoms and pathology, especially among
patients with diffuse abdominal pain (duration was shorter
in the SILA group) and gangrenous appendicitis (duration
was longer in the SILA group). When we directly com-
pared cases of nonperforated appendicitis determined by
pathological examination, we observed significant differ-
ences between the groups in the number of drain tubes,
duration of surgery, LOS, time to resuming oral feeding
and the rate of wound infection. With this direct compari-
son, SILA surgeries were significantly longer than CLA
surgeries, and those in the SILA group had longer LOS
than those in the CLA group. However, the SILA group
had significantly fewer complications and resumed oral
feeding more quickly than the CLA group, still demon-
strating the advantages of SILA over CLA for most
patients. Notably, a recent prospective study comparing
SILA and CLA in 102 patients reported that SILA was feas -
ible and safe even in patients with perforated appendices.16

In the present study, when all patients were included in
analysis, the median duration of surgery was 5 minutes longer
for patients in the SILA group (median 60.0 min, mean
65.2 min) than the CLA group (median 55.0 min, mean
58.5 min). Our results are similar to those of Kim and col-
leagues,8 who reported a mean duration of 61.3 (range 24–
120) minutes for SILA, and those of Hong and colleagues,12

who reported a mean duration of 40.8 (range 15–90) minutes.
In the present study, there was little difference in LOS

between the groups. The median LOS was 60.0 (mean
59.7) hours for those treated with SILA and 58.0 (mean
62.9) hours for those treated with CLA, which is compara-
ble to the mean LOS of 2.5 (range 1–11) days reported by
Hong and colleagues.12

The rate of complications was significantly different
between the 2 groups in the present study. A number of
factors can influence the occurrence of complications,
including wound size, bowel injury and leakage of the
appendiceal stump. In our study, during SILA, a drainage
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tube was commonly placed through the 10 mm umbilical
incision, which was a larger incision than that used for
CLA (5 mm, right lower quadrant wound). While some
studies with larger patient samples12,13 have indicated that
the complication rate with SILA was low, a 2001 literature
review suggested that SILA was applied only to restricted
groups of patients, notably premenopausal women in
whom, after explorative laparoscopy, the level of inflamma-
tion of the appendix was not so high and not complicated
by generalized peritonitis, abscess, gangrene or perfora-
tion.17 Otherwise, trends seem to evidence an increase in
complications, especially in complicated appendicitis.

Another advantage that we noted among the SILA
group patients was that they returned to oral intake more
quickly after surgery. In the SILA group, patients had their
first oral feeding 12.0 hours after surgery compared with
22.0 hours in the CLA group. The patients in the SILA
group could be fed independent of symptoms and pathol-
ogy, indicating a quick and full physical recovery from
surgery. Among the factors that can influence time to
resuming oral feeding is the presence of drainage tubes. A
larger number of drainage tubes are used with more severe
disease, such as ruptured appendicitis and peritonitis,
which can lead to a slower recovery. The use of drainage
tubes may also be associated with increased pain. In our
study, there was no difference in analgesic use between the
groups. A study by Kang and colleagues,18 however, showed
that patients who received SILA experienced more postop-
erative pain.

Limitations

The primary limitations of this study are that patients were
not randomly assigned to the surgical procedure they
received, and that the number of patients was significantly
different between the groups. This indicates potential selec-
tion bias and population bias, and results cannot be general-
ized to all patients receiving these surgeries. Additional pro -
spective studies are needed to confirm our results.

CONCLUSION

Our results indicate that SILA has acceptable safety and
effectiveness as a minimally invasive approach for treating
appendicitis. In addition to offering cosmetic advantages,
it leads to rapid recovery and no significant increases in
postsurgical pain or complications. The duration of
surgery for SILA is somewhat longer than that for CLA,
and SILA may not be appropriate for patients with com-
plicated appendicitis, such as appendicitis with perforation
or tumour formation.
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