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Abstract
Background: Three-port laparoscopic appendectomy is considered standard in many countries for the surgical treatment
of acute appendicitis. Single-incision laparoscopic technique has been recently introduced and is supposed to minimize the
aggression induced by surgery. Regarding appendectomy, comparison with standard laparoscopy, benefits and drawbacks of
this novel technique remain to be evaluated. The goal of this study was to assess single-incision laparoscopic appendectomy
compared to conventional laparoscopic appendectomy in terms of operation time, length of hospital stay, complication rate,
and postoperative antibiotherapy rate.
Methods: From February 2011 to December 2011, single-incision laparoscopic appendectomy was proposed to patients
admitted to the emergency room of the University Hospital of Lausanne (CHUV, Lausanne, Switzerland), diagnosed
with uncomplicated acute appendicitis. Preoperative patients’ information, technical difficulties during the operation, and
postoperative follow-ups were recorded. Every patient who underwent single-incision laparoscopic appendectomy (n = 20)
was matched 1:3 conventional laparoscopic appendectomy (n = 60), controlling for age, gender, body mass index, American
Society of Anesthesiologists score, and histopathological findings.
Results: No statistically significant differences for median operation time, length of hospital stay, complication rate, and
need for postoperative antibiotherapy were found. In 5 out of 20 single-incision laparoscopic appendectomy patients the
Endoloop® Ligature was judged difficult to put in place.
Conclusion: This study suggests that single-incision laparoscopic appendectomy is a feasible and effective operative technique
for uncomplicated acute appendicitis.
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Introduction
Acute appendicitis is the most frequent abdominal surgical
emergency in general surgery.1 For many decades, appendectomy has been performed through an incision at
McBurney’s point. A limitation of this technique was the
limited possibility to explore the entire abdominal cavity.
Since the first description of an appendectomy performed
laparoscopically in 1983,2 laparoscopic appendectomy has
evolved and represents now in many countries the standard
technique for appendectomy.3
The conventional laparoscopic technique uses one
umbilical trocar for the video camera and two others—most
commonly placed suprapubic and left lower quadrant—for

dissection and retraction of tissues. The evolution from
open surgery to laparoscopy has permitted to significantly
improve cosmetic results, reduce the hospital stay, accelerate the patient recovery, diminish the postoperative pain,
and decrease the wound infection rates. On the other hand,
Department of Visceral Surgery, University Hospital CHUV, Lausanne,
Switzerland
Corresponding author:
Nicolas Demartines, Department of Visceral Surgery, University Hospital
CHUV, Rue du Bugnon 46, 1011 Lausanne, Switzerland.
Email: demartines@chuv.ch

2
laparoscopy increases the operative time. The overall costs
are, however, comparable.3
In a perspective of further improving postoperative outcome, novel less-invasive technologies have been introduced
in clinical practice. Single-incision laparoscopy, that is, only
one incision is performed to insert a single port containing
three or four trocars, has been recently introduced. This
novel technique was developed to further minimize the number of trocar orifices to access the abdominal cavity. On the
other hand, the final role and clinical uses of this potentially
promising new surgical approach remain to be more clearly
defined.4,5 With the development of technology and surgical
instruments, single-incision techniques to enter the abdomen
have been described for various laparoscopic procedures,
especially in gastrointestinal surgery (e.g. cholecystectomy,
appendectomy, hernia repair, hemicolectomy, and gastric
banding).6–8 A few studies have shown that single-incision
laparoscopic appendectomy (SILA) is a feasible and safe
option for appendectomy.9–26 However, comparisons with
conventional laparoscopic appendectomy (CLA) in terms of
operation time, length of hospital stay, postoperative complications, or operation difficulty remain to be undertaken to
confirm what previous studies have found.27–31 In this study,
we compared SILA (prospective cohort) to CLA (retrospective control group) using a case-match process, and we
assessed the peroperative difficulty of SILA.

Methods
Patients
From February to December 2011, SILA was performed on
20 patients with uncomplicated acute appendicitis who were
admitted to the emergency room of the University Hospital
of Lausanne. Diagnosis was made clinically and by using
different imaging techniques, that is, ultrasonography (US)
and computed tomography (CT). CT, however, was mostly
performed to exclude other differential diagnosis. Patients
under 16 years of age, with complicated appendicitis (clinical, biological, or radiological signs of abscess, sepsis, or
generalized peritonitis), with history of previous median
laparotomy, or with immunodeficiencies (AIDS, corticotherapy, immunosuppressor treatment) were operated by CLA
and excluded from this study. Clinical complicated appendicitis was defined by a diffuse guarding or tenderness and biological complicated appendicitis was defined by leucocytes
higher than 30 G/l or C-reactive protein (CRP) higher than
100 mg/L.
All interventions were performed by five board-certified
junior staff surgeons with advanced experience in minimally
invasive surgery. In total, 20 patients received SILA. For
these patients, various demographic, clinical, laboratory, and
operative data were collected pre- and postoperatively. Age,
gender, body mass index (BMI), comorbidities, American
Society of Anesthesiologists (ASA) score, operative time,
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length of hospital stay, complications, visual analog scale
(VAS) for pain, and need for conversion to three trocars were
harvested. A qualitative questionnaire was also given to
the operator after every surgery to assess the difficulty of the
operation. Use of Endoloop® Ligature, difficulty to introduce
the trocar or to insufflate the carbon dioxide pneumoperitoneum, other problems encountered during the procedure, and
need for washing were asked. Only the question on other
problems encountered was an open-ended one, otherwise, all
others were closed-ended questions (yes or no). A follow-up
visit was performed 1 month after the operation according to
our department guidelines. The local Ethics Committee of
the University of Lausanne approved this study.
All the appendectomies done by conventional laparoscopy at the University Hospital of Lausanne (CHUV)
between 1 January and 31 December 2010 were harvested (n
= 235). The complicated appendicitis (clinical, biological, or
radiological signs of abscess, sepsis, or generalized peritonitis), patients under 16 years of age, patients with immunodeficiencies or inflammatory bowel diseases (Crohn’s disease
or ulcerative colitis), and patients with history of previous
median laparotomy were excluded (n = 28). In total, 207
patients were taken into account for the match process
(Figure 1).

Surgical techniques
The operations were performed under general anesthesia with
patients in supine position. The abdominal access was obtained
by the use of a special trocar. TriPort© (Advanced Surgical
Concepts, Bray, Ireland) is designed with three ports and an
insufflating valve. A vertical 1.5-cm cutaneous and aponeurosis incision was made on the left side of the umbilicus (Hasson
open technique). The TriPort trocar was then introduced in the
abdominal cavity and a carbon dioxide pneumoperitoneum of
12 mmHg created. The procedure was performed with a 30°
angled 5-mm diameter 60-cm length laparoscope. Conventional
laparoscopic instruments, that is, straight non-flexible instruments, employed for standard laparoscopy were utilized. The
standard procedure steps for appendectomy were applied. The
meso-appendix was dissected along the edge of the appendix,
and the specimen was ligated with an Endoloop and removed
within a single-use specimen retrieval bag (Endo Catch™).
The trocar was then gently removed, and the fascias were
closed by 2-0 Vicryl sutures.

Case-match and statistical analysis
Each SILA patient was matched to three CLA patients by
respecting the following five matching criteria: age (<40,
40–70, >70), gender (man, woman), ASA score (I, II), BMI
(≤25, >25), and histological findings (normal, ulcerophlegmonous, perforated).
Continuous variables were compared and analyzed using
a Mann–Whitney U-test, as the distribution was not Gaussian.
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Figure 1. Selection process.

SILA: single-incision laparoscopic appendectomy; CLA: conventional laparoscopic appendectomy; UC: ulcerative colitis.

Discrete variables (categorical distribution) were interpreted
using a Pearson chi-square test. A p-value < 0.05 was considered significant. All statistical analyses were performed by
using GraphPad Prism 5 for Mac OS X (GraphPad Software
Inc., San Diego, CA, United States).

Results
Both patient groups (SILA and CLA) were well matched
regarding all five matching criteria. As histopathology was
one matching criterion, there were no histological differences between the two groups. The main histological finding
was an ulcerophlegmonous appendix, observed in 16 SILA
patients and in 48 CLA patients (Table 1).
The operative time was calculated from the time of skin
incision until wound closure. The median operative time was
55 min for the CLA group and 53 min for the SILA group.
This 2-min difference was not statistically significant (p =
0.65). Likewise, median length of hospital stay, that is, hours
spent from wound closure until discharge, was not significantly shorter with the single-incision approach (p = 0.25). In
the SILA group, one complication occurred (wound infection) compared to six complications for CLA (p = 0.67). In
all, 30% of SILA cases (three perforated appendices, one
perioperative perforation, one long operation time due to conversion, and one elderly patient with multiple comorbidities)

and 15% of CLA patients (nine perforated appendices)
received postoperative antibiotherapy (p = 0.14, Table 2).
For SILA patients, the mean VAS pain score was 3.6 at
the postoperative ward admission and 1.7 on postoperative day 1. Endoloop Ligature was used in every appendectomy performed by single-port technique. Two SILA
cases had to be converted to three-port laparoscopy. One
had to be converted in order to be able to use a laparoscopic stapler and one due to impossibility of maintaining
a sufficient pneumoperitoneum with the single port. The
majority of SILA patients presented a localized purulent
peritonitis (12 out of 20). For two patients, the single trocar was judged difficult to introduce, and in two cases, the
pneumoperitoneum was insufficient. The main operative
difficulty mentioned by the surgeons was the process of
putting the Endoloop Ligature in place around the appendix (five cases). A pelvic washout was performed in 14
cases (Table 3).

Discussion
This current trial compared SILA to CLA by performing a
1:3 match case study. By that, we established a homogeneous patient population between the groups to reduce selection bias by matching according to age, gender, BMI, ASA
score, and histological findings.
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Table 1. Patient characteristics.
SILA
Number of patients
Median age, yrs (range)
Median weight, kg (range)
Median BMI, kg/m2 (range)
Gender (% female)
Histological findings
Normal appendix
Ulcerophlegmonous appendix
Perforated appendix
ASA score (I/II)

CLA

20
25
63.5
22.6
70%

(16–74)
(50.0–80.0)
(16.9–26.1)

1
16
3
11/9

60
30
62.0
21.9
70%

p-value
(16–84)
(45.0–95.0)
(18.5–31.7)

3
48
9
33/27

0.62
0.97
0.77
1.00
1.00
1.00
1.00
1.00

SILA: single-incision laparoscopic appendectomy; CLA: conventional laparoscopic appendectomy; BMI: body mass index; ASA: American Society of
Anesthesiologists.

Table 2. Operative and outcome data.
SILA
Median operation time, min (range)
Median length of hospital stay, h (range)
Complications (%)
Wound infection
Operative site abscess
Second-look laparoscopy
Wound granuloma
Postoperative antibiotherapy (%)

CLA

53
37.7
1
1
0
0
0
6

(31–122)
(17.7–86.0)
5%
5%

30%

55
40.4
6
1
2
1
2
9

p-value
(28–158)
(14.4–211.7)
10%
2%
3%
2%
3%
15%

0.65
0.25
0.67
0.44
0.44
0.57
0.44
0.14

SILA: single-incision laparoscopic appendectomy; CLA: conventional laparoscopic appendectomy.

Table 3. SILA patient detailed operative and postoperative
data.a
Mean postoperative VAS at the ward
admission
Mean VAS postoperative day 1 (at rest)
Mean VAS postoperative day 1 (when palpating
the umbilicus)
Use of Endoloop® Ligature/stapler
Conversion rate to three-port laparoscopy (%)
Abdominal status
Absence of peritonitis
Localized purulent peritonitis
Localized stercoral peritonitis
Operation difficulty
Difficulty to introduce the trocar
Insufficient pneumoperitoneum
Difficult anatomical position of the appendix
Difficulty to put the Endoloop
Peroperative perforation
Washout
Pelvis
Perihepatic

3.6 ± 1.4
1.7 ± 1.3
2.9 ± 1.2
19/1
2/20 (10%)
7
12
1
2
2
2
5
1
14
2

SILA: single-incision laparoscopic appendectomy; VAS: visual analog scale.
aAll means are expressed ± standard deviations.

The median SILA operation time was comparable to
standard laparoscopic appendectomies (p = 0.65). In contrast, other published trials found a longer time for the single-incision technique.29,30 Since our center has a particular
interest in minimal invasive surgery, our results suggest that
well-trained laparoscopic surgeons can perform single-port
appendectomies without increasing their operation time.
We found that SILA had a similar median length of hospitalization as CLA (37.7 vs 40.4 h, p = 0.25), calculated from
the end of the operation until discharge of the patient.
Considering this outcome, SILA could become a technical
alternative to CLA in selected appendicitis patients. No statistically significant differences between the two groups
were noted in all the measured outcomes (i.e. operative time,
length of hospital stay, complications, and postoperative
antibiotherapy).
The conversion rate for SILA was low (10%). None of the
SILA cases had to be converted to open surgery. One case
had to be converted to three-port laparoscopic appendectomy due to technical problem. As a perioperative perforation at the base of the appendix occurred, the surgeon had to
use a 12-mm stapling device to obtain a safe closure of the
appendiceal stump. As the TriPort© system does not contain
a 12-mm trocar, a conversion to CLA became necessary. The
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other case to be converted was because of a problem with the
single trocar to maintain a satisfying pneumoperitoneum.
These conversions were due to instrument problems and did
not happen because of the SILA technique per se.
According to the questionnaire given to the operators,
SILA technique was judged as easy as CLA in terms of
assessed items (trocar placement, pneumoperitoneum,
Endoloop placement), even though some operative difficulties, like for instance the Endoloop® Ligature use (five surgeons judged difficult to put the Endoloop)®, were mentioned.
Unanimously, for the five staff surgeons who participated in
this study, the loss of triangulation of the instruments and the
reduced ergonomics did not affect the difficulty and feasibility of the operation.
Additionally, all means of VAS pain scores (at the ward
and on postoperative day 1) for SILA were <4, corresponding to light-moderate pain according to the World Health
Organization.32 Therefore, we can conclude that good analgesia was realized and that SILA did not provoke uncontrollable postoperative pain.
Until now (follow-up between 16 and 26 months), no
umbilical hernias have been observed in the SILA group. A
bigger umbilical incision size for the single port appears to
be as safe as a conventional laparoscopy trocar orifice.
This latter assertion needs to be proven by additional studies and would need a longer follow-up to detect late
complications.
Wound infection and incisional hernia represent the main
theoretical risks of SILA performed with a midline trocar
(umbilical trocar). Available data regarding these issues are,
for the moment, scarce. Nevertheless, if these presupposed
risks turned out to be real, they could potentially be avoided
by placing the trocar lateral to the midline or suprapubic.
SILA can be easily undertaken with conventional instruments used for standard laparoscopy. For appendectomy, it
seems that the triangulation rule stipulated by conventional
laparoscopy does not play a crucial role. An interesting question though would be to determine the learning curve of
SILA. It seems indeed that SILA could be simple to teach, as
the operative technique and the instrument manipulation are
similar to CLA.
In terms of general costs, SILA could be a cost-effective
alternative to CLA as the single port is cheaper than three
conventional trocars, but this needs to be proven by a costeffectiveness analysis.
The cosmetic aspect was not analyzed in our study. We
have therefore no evaluation of the value of a potentially
invisible scar hidden in the umbilicus fold. This aspect
should be assessed with the use of a validated cosmetic
score. If SILA is as safe as CLA, the esthetic perspective can
be an important point to consider, especially because appendicitis occurs preponderantly in young patients for whom an
invisible scar can matter.
BMI plays an important role in the decision whether or
not to perform a SILA on an adult. Single-incision

technique with standard instruments appears to be more
difficult in obese patients because the dissection is more
complicated and fastidious. CLA seems, for obese patients,
easier and more straightforward. Indeed, the instrument triangulation and a large workspace allow usually a good and
safe dissection in the case where abdominal fat is abundant.
However, SILA has been proven to be equivalent to CLA in
children.33
Another question about SILA concerns the feasibility and
applicability of this technique to perforated appendicitis. Our
study enrolled three perforated appendicitis operated by single-incision approach that showed no real additional difficulty. However, this still needs to be confirmed, and
evaluation of the applicability of SILA to complicated
appendicitis remains, at the moment, unknown.

Conclusion
Within the limits of a retrospective control group, our study
suggests that SILA is a feasible operative technique for
uncomplicated acute appendicitis.
As SILA has appeared only recently as a new instrument
in the toolbox of the general surgeon, larger cohort studies or
prospective randomized controlled trials assessing operation
time, pain, cosmesis, and complications are needed to clarify
when this technique should be used.
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