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Purpose: The laparoscopic appendectomy has become popular for the treatment of acute appendicitis. A single-incision
laparoscopic appendectomy offers better cosmesis. We present the results of single-incision laparoscopic appendectomies

Methods: A single-incision laparoscopic appendectomy was performed in 75 patients at The Catholic University of Korea,
Bucheon St. Mary’s hospital. The operating time, operation type, hospital stay, surgical morbidities, and body mass index

Results: This retrospective study revealed equal operation times in both the suppurative and the perforated appendicitis
group. There was an increase in the hospital stay in the perforated appendicitis group. The postoperative complication rate
was 4%, and the median operation time was 58.55 + 31.79 minutes.

Conclusion: The single-incision laparoscopic appendectomy was easy and safe procedure for treating acute appendicitis.
There were no differences in degree of inflammation and body mass index.

INTRODUCTION

Acute appendicitis is a common intra-abdominal inflamma-
tory disease which requires emergency surgery, and a surgical
appendectomy is the only treatment. Since the introduction
of the laparoscopic appendectomy, it has become an alterna-
tive method of treatment to an open appendectomy because
of less pain, less abdominal scarring, and quick recovery to
daily life [1].

The location of the trocar in a laparoscopic appendectomy
varies depending on the surgeon’s preference. The three tro-
cars (three incisions) were necessary in the past, but a method
using a single incision was developed through the accumula-
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tion of experience and the development of instruments. The
greatest benefit of single-incision laparoscopic surgery is the
superior esthetic results after surgery. The single-incision Lap-
aroscopic surgery has been used in nephrectomies [2], adre-
nalectomies [3], lap-band stomach surgery [4], and surgery
for many other diseases. Also, there have been reports about
single-incision laparoscopic appendectomy being useful based
on precedents [5, 6]. However, there are limitations with sur-
gical equipment and the movement of intra-abdominal equip-
ment. The authors of this report analyzed 75 acute appendicitis
cases where a laparoscopic appendectomy with a single incision
had been performed and found the method to be feasible.

METHODS

Subject group

From October 2008 to June 2009, 75 patients at The Catholic
University of Korea, Bucheon St. Mary’s Hospital, who under-
went a single-incision laparoscopic appendectomy for acute
appendicitis, were retrospectively analyzed. Patients of the sub-
ject group had symptoms of appendicitis on physical exami-
nation and were diagnosed with appendicitis without abscess
formation through abdominal CT or abdomen ultrasonogra-
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phy. Surgery was executed in most of the patients 12 hours after
hospitalization. A single-incision appendectomy using laparos-
copy was introduced to every patient regardless of the severity
of inflammation, and although it was not the standard tech-
nique, a laparoscopic appendectomy was executed when the
patient agreed to the method. Age, sex, body mass index (BMI),
and preoperative white blood cell count were recorded before
surgery, and anesthetic period and operation period were re-
corded during surgery. Surgical method, presence of compli-
cations after surgery, usage and amount of analgesics, and post-
operative hospitalization period were additionally recorded.

Surgical method

First, third, and fifth finger tips (1 cm) of a surgical glove were
cut, and three 5 mm long trocars (Applied Medical, Rancho
Santa Margarita, CA, USA) were placed in the holes. The tro-
cars were fixed with a boucle to prevent gas leakage, and sin-
gle port equipment was ready. A long incision, 1.5-2.0 cm, was
made on the patient’s umbilicus, the white line was expanded
to the left and to the right, the abdominal cavity was reached,
and an incision was made. A lanceolate retractor (Alexis®, Ap-
plied Medical) was inserted through the incision to expand the
incision. Then, a surgical glove was applied on the lanceolate
retractor, CO, gas was injected, abdominal pressure was main-
tained at 10-14 mmHg, a pneumoperitoneum was created, the
operating table was tilted to the left by 30°, and the patient was
ready for the operation. Surgery was done by inserting a 5 mm
0° laparoscopic camera through the trocar of the first finger
and inserting surgical equipment through the other two tro-
cars. After the location of the appendix had been confirmed,
an ultrasonic scalpel (Harmonic Scalpel®, Ethicon Endo-Sur-
gery Inc., Cincinnati, OH, USA) was used to cut the meso-
appendix and appendicular artery. Then, the base of the ap-
pendix was clipped with an endo-loop, the portion of the ap-
pendix directly above the loop was held with the laparoscopic
equipment and was incised to make sure there was no pus leak.
The surgical globe and appendix was separated from the retrac-
tor. The surgical glove was once more covered in order to make

Table 1. Characteristics of patients
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a pneumoperitoneum, and the presence of hemorrhage was
checked. In cases with perforating appendicitis, pus or abscess
in the abdominal cavity was treated using an intra-abdominal
drainage tube (Jackson-Pratt drain, 200 mL). During the post-
operative period, diet and discharge were decided depending
Severity of inflammation, similar to cases involving a normal
laparoscopic appendectomy. When the patient expressed pain,
a nonsteroidal analgesic (ketorolac tromethamine) was injected
through the muscle.

RESULTS

The total number of patients who underwent an appendec-
tomy at The Catholic University of Korea, Bucheon St. Mary’s
Hospital, was 336. Fifty patients (14.9%) underwent an open
appendectomy, and 286 patients (85.1%) underwent a laparo-
scopic appendectomy. The total number of patients who un-
derwent a single-incision laparoscopic appendectomy was 75
(26.2%); 37 were males and 38 were females. The average BMI
of the patients was 21.84 kg/m?, and the average duration of
symptoms was 1.92 days. The operation time was defined as
the time period from skin incision to suture and showed an
average of 58.55 minutes. Discharge was suggested the day af-
ter the patient did not show nausea or vomiting after digesting
semi-solid diet. In cases with a drainage tube, discharge was
suggested after having normal diet and the drainage tube re-
moved. The average suggested discharge was 1.68 days after
surgery, and the actual length to patient discharge was 2.88
days (Table 1).

The severity of inflammation in appendicitis was categorized
as suppurative or perforating appendicitis based on the biopsy
results after the surgery. Among 75 patients, 55 of them had
suppurative appendicitis, and 20 of them had perforating ap-
pendicitis. From the preoperative hematological test results,
segmented neutrophil values were 75.77 in suppurative appen-
dicitis and 80.27 in perforating appendicitis, a noticeable dif-
ference. Also, there were significant differences in the suggested
day of discharge and the hospitalization period after surgery.

Characteristics Male (n = 37) Female (n = 38) All (n =75)
Age (yr) 27.08 £ 14.89 26.37 £ 15.70 26.72 £15.20
BMI (kg/m?) 22.81 £3.93 20.87 £3.20 21.84 £3.70
Symptom duration (day) 1.68 +0.58 2.16 +0.80 1.92+0.74
Operation time (min) 64.32 +36.23 52.92 + 26.03 58.55 + 31.80
Pre.op WBC 12,594.59 + 3,636 11,921.08 + 4,882 12,257.84 + 4,288
Pre.op seg. Neutrophil (%) 76.67 +10.01 77.3+10.55 76.98 +10.22
Discharge recommend (POD) 1.7+1.08 1.65+0.72 1.68 = 0.90
Hospital stay (POD) 3.03 +1.48 2.73+0.87 2.88+1.22

BMI, body mass index; Pre.op, pre-operative; WBC, white blood cell; seg., segment; POD, post-operative day.
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There were no significant differences in other factors (Table 2).
In addition, there were no significant differences in age, opera-
tion time, preoperative white blood cell or segmented neutro-
phil count, discharge suggestion day, and hospitalization pe-
riod after dividing the total patient group with BMI 23 as the
standard (Table 3).

One out of 75 cases had to switch from a laparoscopic appen-
dectomy to anopen appendectomy. The base of the appendix
showed necrosis and suture of the intra-abdominal base failed
twice. As a result, the base was sutured after switching to an
open appendectomy.

The postoperative wound was treated with a dressing, and it
was covered with an umbilical fold (Fig. 1). In cases where a
draining tube was installed, the tube was retracted through the
wound (Fig. 2). Three out of 75 patients (4%) had postopera-

Table 2. Perioperative surgical outcomes in relation to inflammation

Suppurative Perforative P-
appendicitis appendicitis value
Patients (n) 55 20
Age (yr) 24.69 + 14.22 323+16.76  0.108
BMI 21.55 + 3.82 22.64 +3.28 0.461
Symptom duration (day) 1.8+ 0.60 2.25+0.97 0.097
Operation time (min) 23.73 £ 25.72 7184247 0.49
Pre.op WBC 11,915.93 + 13,181 + 0.639
4,392.69 3,951.34
Pre.op seg. Neutrophil (%) 7577 £11.14 80.27 +6.32 0.008
Discharge recommend (POD) 1.39 + 0.66 2.45+1.05 0.012
Hospital stay (POD) 2.54 +0.89 38+151 0.032

tive complications. Two cases had a wound infection that was
cured after follow-up observation at ambulatory care. One case
had an intra-abdominal abscess that was treated with antibi-
otics.

Nonsteroidal analgesic (ketrolac tromethamine) was used by
injecting it through the muscle. The average number of anal-
gesic injections was 0.64.

DISCUSSION

The purpose of this research was to establish the safety and
the benefits, other than the aesthetic value, of a single-incision
laparoscopic appendectomy using surgical gloves. Laparoscopic
appendicitis has the benefits of small wound, less pain, less
wound infection, and quick recovery to daily life. As a result,
it is being used as a general treatment for acute appendicitis.
Numerous reports on the development and popularization of
laparoscopic appendectomy have been published, and much
research has been done in order to reduce the number of inci-

Table 3. Perioperative surgical outcomes in relation to BMI

BMI < 23 BMI > 23 V;;]e
Patients (n) 45 29
Age (yr) 2351 +14.34 3251+1524  0.286
Operation time (min) 55.22 + 25.62 64.86 £39.25  0.72
Pre.op WBC 11,772 + 3,620.21 13,011.72 + 5,137.11 0.244
Pre.op seg. Neutrophil (%)  76.47 =11.02 77.79 =8.97 0.255
Discharge recommend (POD)  1.47 = 0.73 2+1.07 0.069
Hospital stay (POD) 2.73 £1.05 31 +£1.42 0.233

BMI, body mass index; Pre.op, pre-operative; WBC, white blood cell; seg., segment;
POD, post-operative day.

BMI, body mass index; Pre.op, pre-operative; WBC, white blood cell; seg., segment;
POD, post-operative day.

Fig. 1. Surgical wound after laparoscopic appendectomy with a sin-
gle incision.
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Fig. 2. Jackson-Pratt drain was inserted via a single umbilical wound.
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sions and the number of trocars for aesthetic values. In the
early stages of development, Chouillard et al. [7] reported a
appendectomy method of inserting two trocars in a single in-
cision. However, by only using two trocars, it was difficult to
approach the appendix and rotating or bending equipment was
necessary in order to treat the meso-appendix. Also, Ates et
al. [8] presented a method installing two trocars (11 mm and
5 mm), pulling the appendix, inserting a needle forcep from
the outside, and suturing the meso-appendix to the abdomi-
nal wall. This method, however, has difficulties with pulling
the appendix located behind the cecum. In order to resolve
these challenges, numerous pieces of equipment have been in-
troduced to enable numerous trocars to be inserted through a
single incision. Merchant et al. [9] came out with a method of
inserting numerous trocars by using a Gelport, and there is
equipment on the market, such as Unix-X™ (Pnavel Systems,
Brooklyn, NY, USA) [10], the R-port™ (Advanced Surgical
Concepts, Wicklow, Ireland) [11], and the SILS™ Port Multi-
ple Instrument Access Port (Covidien, Mansfield, MA, USA).
In this research, these types of equipment could not be used
because they were not available on the market at that time.
However, similar to recently developed equipment, a method
using a surgical glove enabled two trocars, other than the lap-
aroscopic camera, to be inserted. This made it easier to ap-
proach the appendix located behind the cecum. In addition,
the fact that the other fingers of the glove, those without tro-
cars inserted, could be used when additional equipment was
necessary.

In cases with perforating appendicitis, the operation time was
increased by intra-abdominal hemorrhage or by an abscess
caused by adhesion, and washing and installation of a drain-
age tube was necessary. However, unlike the results from pre-
vious research, there were no significant operation-time dif-
ference between suppurative appendicitis and perforating ap-
pendicitis. Large gauze and a suction tube were easily inserted
through the incision, which made the cleaning process easier.

Fraser et al. [12] reported that the incidence of intra-abdom-
inal abscess was directly proportional to the BMI value in ju-
venile patients with perforating appendicitis. Also, according
to Sadr et al. [13], obese patient with suppurative appendicitis
had a greater chance to have complications. This research also
analyzed how the BMI value affected the operation time and
the hospitalization period. In 1993, the World Health Organi-
zation (WHO) defined obesity as a BMI greater than or equal
to 30 kg/m* and overweight as a BMI greater than or equal to
25 kg/m”. In 2004, a research paper reported that a BMI greater
than or equal to 23 kg/m’ in Asians was defined as overweight,
and the rates of diabetes, cardiovascular diseases, and death
were higher in those patients. Accordingly, this research set
23 kg/m’ as the standard value of overweight. Different from
other research results, there was no significance in the effects
of BMI on the operation time, the hospitalization period, and
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the complications.

The average operation time was 58.55 + 31.79 minutes, which
was 7.55 to 20.55 minutes longer than the time reported for
previous research on a single-incision appendectomy [5-8, 10].
The cause of this increase is thought to be the smallness of the
incision, which increased the time to secure single trocar in-
sertion, increased equipment collision, and increased the time
to restore the abdominal and muscular cavities.

A single-incision laparoscopic appendectomy is widely prac-
ticed in order to minimize scarring. Surgeons skilled in per-
forming an appendectomy were able to execute this method
without major complications in all the cases except the ones
with an abscess in the abdominal cavity, and postoperative
aesthetic benefits were found. In the future, more research and
prospective studies comparing a single-incision laparoscopic
appendectomy to a regular laparoscopic appendectomy must
be done.
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