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Abstract

Background: Because it produces superior cosmetic re-
sults, patients prefer laparoscopic appendectomy over
open appendectomy. We developed two alternative la-
paroscopic routes of access to the abdominal cavity for
appendectomy that use suprapubic incisions placed be-
low the line of pubic hair. We then compared the results
for these three different modes of access.

Methods: Operative characteristics, morbidity, outcome,
and patient preference regarding three different ap-
proaches to laparoscopic appendectomy were compared
in a retrospective study. In addition, a group of 24
healthy women were surveyed by questionnaire about
their preferred technique and expected cosmetic results.
Results: Between January 1997 and August 2000, 149
patients underwent laparoscopic appendectomy and
were assigned to undergo one of the three techniques.
Operative results, morbidity, and hospital stay were
similar. Twenty-five percent of patients submitted to
technique 1 (no suprapubic trocars) were satisfied with
their method, vs 54% of patients with technique 2 (one
suprapubic port, angled working trocars) and 100% of
patients with technique 3 (two suprapubic parallel tro-
cars). Almost all patients (92% of those who had tech-
nique 1 and 100% of those who had techniques 2 and 3)
chose the standard laparoscopic access as the cosmeti-
cally least attractive method. All of the healthy controls
we interviewed preferred technique 3.

Conclusion: The placement of suprapubic trocars im-
proves the surgeon’s working position during laparo-
scopic appendectomy. A laparoscopic approach using
two suprapubic trocars yields the best cosmetic results in
the opinion of the majority of patients and healthy in-
terviewees.
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Appendicitis is the second most common cause of acute
abdominal pain requiring surgery [21, 25]. Since lapa-
roscopic appendectomy was first described by Kurt
Semm [25], the technique has been modified several times
[3, 16, 24, 25]. Eventhough laparoscopic appendectomy
has failed to gain unequivocal acceptance among general
surgeons, it is well accepted at most centers [14]. Argu-
ments against the laparoscopic technique include higher
costs due to the need for disposable equipment, a longer
operating time, and a higher incidence of complications,
including appendix stump insufficiency and intraab-
dominal fluid collections [7]. However, the technique can
be performed safely [3], and it has the advantages of
producing minimal surgical trauma and making it pos-
sible to explore, irrigate, and clean the entire abdominal
cavity [4, 17]. When a normal appendix is found, coex-
isting pathologies can be assessed [22]. Patients suffer less
surgical trauma and thus require less analgesia during
the postoperative course [20], they have an earlier pas-
sage of stool, and they resume normal activities earlier [6]
with improved cosmetic results.

Laparoscopic appendectomy is most commonly
performed through three ports. For special indications,
one- or two-puncture techniques have been developed
[11, 15], only occasionally does a fourth trocar need to
be inserted. With standard technique, the video lapa-
roscope is inserted through a periumbilical incision.
Then a 12-mm port is placed through the left lower
quadrant just lateral to the rectus muscle and a 5-mm
port is placed in the right lower quadrant (technique 1).
We have developed two alternative methods to position
the trocars (techniques 2 and 3). The goal was to im-
prove the posture of the surgeon in ergonomic terms
while at the same time producing better cosmetic results
for the patients.

Patients and methods

Between January 1997 and August 2000, 169 patients with clinical
suspicion of acute appendicitis underwent laparoscopic appendectomy,
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Table 1. Patient characteristics, operation time, and hospital stay according to operative technique

Technique 1 Technique 2 Technique 3 Conversion®
No. of patients 98 27 24 20
Female / male 73 /25 19/8 17717 13/7
Age (yr) 283 + 11.6 30.0 £ 10.2 31.2 £ 11.9 433 + 18.5
Operating time (min) 62.4 £ 239 59.0 £ 224 48.1 + 17.0° 121 + 48.3
Hospital stay (d) 37 +£ 1.5 35 £ 1.2 38 £ 1.6 7.9 + 3.4°

 Patients undergoing conversion to an open procedure are listed as a separate group. They are not included in the statistical analysis

® p 3D 0.018 (T3 vs T1) and p 3D 0.013 (T3 vs T2)
¢ p < 0.001 (T1-T3 vs conversion)

technique 1 technique 2
2 10 mm 2 10 mm II
5mm 12 mm 5 mm
12 mm

V

which in our department is done primarily in women. Twenty of these
procedures were converted to an open technique. The remaining 149
patients were assigned to undergo one of three techniques for lapa-
roscopic appendectomy according to the surgeon’s preference (Table
1). Each technique was performed by at least three different surgeons.

The data were then analyzed retrospectively. Operative character-
istics, postoperative complications, outcome, and the patients’ ratings
of the cosmetic preferability of the three techniques of laparoscopic
appendectomy were compared. Patients were followed with a ques-
tionnaire for long-term complications and to determine their opinions
of the three. Questions concerning cosmetic outcome and preference of
trocar placement were identical to those given to the control group.
Since we perform laparoscopic appendectomy predominantly in
younger women, a group of 24 healthy women (age range 18-30 years)
was surveyed with a standardized questionnaire concerning cosmetic
preferences only. The group consisted of study nurses. Two of the 24
had previously had an appendectomy—one by an open procedure and
the other by the laparoscopic approach in another surgical department
(technique 1). The same basic information on possible trocar locations
without stating technical advantages/disadvantages was given to the
interviewees by one of the authors. Questionnaires were then filled out
individually and mailed to the corresponding author (techniques 1-3).

Surgical technique

The operations were carried out under general anesthesia. Pneumo-
peritoneum was induced by the Hasson technique through a peri-
umbilical incision. After introduction of the video laparoscope,
patients were placed in a Trendelenburg position, tilted to the left, and
the epigastric vessels were identified. Two additional working trocars
were introduced under laparoscopic control. Choice of positions for
the working trocars (i.e., technique 1, 2, or 3) was by surgeon’s pre-
ference (Fig. 1).

The appendix was skeletonized by bipolar coagulation or clips and
transected with an Endo-GIA (Johnson & Johnson, Cincinnati, OH,
USA). It was then extracted with an Endo-Bag via the 12-mm operating
port. In patients with a perityphlitic abscess or purulent fluid collec-

technique 3

2 10mm

Smm 12 mm

Fig. 1. Three different modes of access to the ab-
dominal cavity (techniques 1, 2, and 3).

tions, the abdominal cavity was rinsed and a drain was placed through
the right incision for 1-3 days postoperatively. After removal of the
instruments and desufflation of the pneumoperitoneum, the fascia be-
low the umbilicus and the three small cutaneous incisions were closed.

Statistical analysis

Patient characteristics, operating time, hospital stay, postoperative
complications, and patient outcome were recorded in a database and
analyzed retrospectively. Patients were followed for long-term com-
plications with a questionnaire. They were also evaluated to determine
their overall satisfaction with the procedure and its cosmetic result.

Data are given as mean =+ standard deviation (SD) and analyzed
using the Mann-Whitney U test. A p value of <0.05 was considered
statistically significant.

Results

A laparoscopic approach to appendectomy was possible
in 149 patients (88%)—109 female (73%) and 40 male
(27%)—with a mean age of 29.1 + 11.5 years. Seventeen
cases (10%) were converted to open appendectomy and
three (2%) to a median laparotomy. Indications for the
conversion to an open technique included perforated
appendicitis with intraabdominal abscess (eight cases),
an abscess in the psoas muscle, a carcinoid of the ap-
pendix, and a pseudomyxoma peritonei (one case each).

Patient characteristics are listed in Table 1. The op-
erating time was shortest in group T3 (48.1 £ 17.0 min)
because one of the surgeons using technique 3 was par-
ticularly skilled and produced very low operation times.
The difference in operation time for group T3 vs group
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Table 2. Etiologies of patients undergoing laparoscopic appendectomy

Postoperative and
histological diagnosis

Cases (n, %)

Tl T2 T3

Subacute appendicitis

Acute gangrenous

appendicitis

Perforated

appendicitis (partly with fibrino-purulent
peritonitis and/or perityphlitic changes)
Other etiologies and normal appendix

11 (7)
74 (50)

20 (13)

44 (30)

Table 3. Morbidity and mortality after laparoscopic appendectomy

Technique 1

Technique 2 Technique 3

Morbidity
Wound infection
Hematoma of the
rectus muscle
Retrocecal haematoma
Retrocecal abscess
Intraabdominal abscess

Total morbidity

Mortality

IS

S 0 = = -
—_
R

4.2%
0 0

Table 4. Cosmetic results and preference of technique in patients undergoing laparoscopic appendectomy and in healthy female controls

Technique 1 (T1)

Technique 2 (T2) Technique 3 (T3) Interviewed controls

No. of patients 98

Female / male 73 /25

Age (yr) 28.3 £ 11.6
Satisfaction with personal outcome 93%
Preference for (own) method 25%
Cosmetically least attractive method T1 (92%)

27 24 24

19/8 17/7 2410
30.0 = 10.2 312 = 11.9 21.3

93% 96% —

54% 100% T3 (100%)
T1 (100%) T1 (100%) T1 (100%)

T1 (62.4 = 23.9 min, p = 0.018) and T3 vs group T2
(59.0 £ 22.4 min, p = 0.013) was significant. The length
of hospital stay did not differ among groups T1, T2, and
T3, but it was significantly longer in the group of patients
who were converted to an open procedure (p £ 0.001).
The histological diagnosis (Table 2) included 11 cases
(7%) of subacute appendicitis; 74 cases (50%) of acute
gangrenous appendicitis, partly with fibrino-purulent
peritonitis; 20 cases (13%) of perforated appendicitis,
partly with fibrino-purulent peritonitis and/or perityph-
litic changes; and 44 cases (30%) of normal appendix. Of
these 44 patients, 22 (15% of 149) had additional pa-
thologies, including eight cases of adnexitis, one case of
tuboovarian abscess, eight cases of ruptured ovarian
cysts (one additional with endometriosis), and one case
of endometriosis. Three patients had mesenteric
Ilymphadenitis and one patient had sigmoid diverticuli-
tis. In 11 patients with perforated appendicitis (Table 2)
and one with a tubo-ovarian abscess, an abdominal
drain was placed in the right iliac fossa and left for 1-3
days postoperatively. Drain volumes were 50-250 ml.
Ten patients (7%) had suffered postoperative com-
plications (Table 3), including three cases of wound in-
fection and three cases of wound hematoma (five of
these six complications occurred at the periumbilical
incision), as well as one case of a hematoma of the right
rectus muscle caused by a working trocar. Three pa-
tients (2%) required relaparoscopy, with drainage of

one retrocecal hematoma, one retrocecal abscess, and
one intraabdominal abscess causing small bowel ob-
struction. Most of these complications were seen in
group T1, but there was no significant difference in
comparison with groups T2 and T3. Hospital mortality
was nil.

Although overall satisfaction with the operation was
high in all groups, the results of the follow-up ques-
tionnaire (Table 4) showed a significant difference
among them in terms of the cosmetic result. Twenty-five
of patients in group T1, 54% of patients in group T2,
and 100% of patients in group T3 preferred their own
method and would recommend it to others. With few
exceptions, patients (92% in group T1, 100% in group
T2, and 100% in group T3) found technique 1, which
was the one most commonly performed, the least at-
tractive. Moreover, 100% of healthy female interviewees
preferred technique 3 and described technique 1 as the
cosmetically least attractive method.

Discussion

One argument in favor of laparoscopic appendectomy is
its use of several mini incisions for cosmetic reasons
instead of a standard 3—-5-cm McBurney access, which is
sufficient in the presence of a normal appendix position.
In cases where the appendix position is unusual, in obese



Fig. 2. Intraoperative view showing the placement of a suprapubic
working trocar and demonstrating the typical tenting of the sup-
rapubic peritoneum during its insertion.

patients, and when additional pathologies are found, a
larger incision or a different access to the abdomen is
needed [3]. During laparoscopy, all anatomical variants
of the appendix can be visualized and the entire ab-
dominal cavity can be explored for further pathologies.

Laparoscopy can increase diagnostic accuracy, es-
pecially in younger women, who frequently present with
other causes of acute abdominal pain, such as adnexitis,
ovarian cyst complications, endometriosis, and extra-
uterine pregnancies [2, 18, 21, 22, 27]. Laparoscopy
therefore increases the diagnostic accuracy of 67-90%
[1, 5] reported for open appendectomy while also pro-
ducing better cosmetic result [13].

The two-handed techniques presented here (tech-
niques 1-3) can be performed by a single surgeon with
the aid of one assistant. The standard technique (tech-
nique 1) is to use a video laparoscope through a peri-
umbilical incision and two working trocars in the left
lower and right lower quadrants. One disadvantage of
this technique is that it requires the surgeon to stand in
an ergonomically unfavorable position with one arm
crossed over the patient’s body. However, this prob-
lematical posture can be avoided by choosing different
trocar positions. To maximize the surgeon’s efficiency,
an adequate distance needs to be maintained between
the two working trocars so that the instruments will not
become crowded and entangled [10, 19]. To improve
ergonomics, we developed two techniques that allow a
more parallel position of the surgeon’s arms during the
operation and an inferior approach to the cecum. Infe-
rior access to the cecum by the instruments makes its
mobilization easier and facilitates access to a retrocecal
appendix.

Technique 2 places both working trocars at an angle
of ~ 60° and therefore allows the surgeon to operate in
an ergonomically favorable position [8, 9]. Technique 3,
with an angle of <30° requires some adjustment if the
surgeon is positioned on the left side of the patient.
However, we found that some of the difficulties with this
technique can be avoided if the surgeon stands between
the patient’s legs (French position).
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With the two alternative techniques (techniques 2
and 3), at least one trocar—preferably the 12-mm trocar
for the stapler [26]—can be inserted below the line of
pubic hair. This improves on the cosmetic result
achieved with the standard laparoscopic approach. If
two trocars are placed suprapubically, as in technique 3,
a visible scar can be avoided altogether if the port for the
video laparoscope is placed in the umbilicus. This, of
course, gives an even better cosmetic result. In our se-
ries, the excellence of the outcome was verified through
questionnaires sent to the patients and a control group
of young healthy females (the demographic group that
typically undergoes laparoscopic appendectomy in our
department). Although almost all of our patients were
satisfied with their cosmetic outcome, they still said that
they would prefer technique 3, with no visible scars, if
given the choice. The conventional method (technique 1)
was rated as cosmetically less appealing and almost
unanimously regarded as the least attractive alternative.

The placement of all trocars can result in a local
hematoma of the abdominal wall, as occurred in one of
our patients, but with careful transillumination this
complication can be avoided. Insertion of suprapubic
working trocars can be difficult because the suprapubic
peritoneum is unusually flexible and typically results in
tenting of the peritoneum before the trocar tip pene-
trates into the abdominal cavity (Fig. 2). Urinary blad-
der lacerations can be avoided with the routine use of
urinary catheters; we did not encounter this complica-
tion in any of our patients.

Morbidity was comparable to that reported in the
literature [12, 15, 28], and none of the techniques was
associated with an increase in morbidity. Infectious
complications occurred in 5% of our patients—six cases
(4%) of wound infection and one case each (1.3%) of an
intraabdominal and a retrocecal abscess. Relaparoscopy
was performed in three of 149 cases (2%), including one
patient with of a retrocecal hematoma. Although we
drained the abdominal cavity in the majority of patients
with perforated appendicitis, the intraabdominal com-
plications were diagnosed by an abdominal CT scan and
not on the basis of the volume or quality of drain fluid.

In summary, all three techniques are safe and
achieve results that are comparable with those reported
in the literature. Techniques 2 and 3 improve on the
cosmetic results produced by technique 1. Patients and
healthy controls overwhelming preferred a technique
that leaves no visible scars. Because technique 2 is er-
gonomically more favorable than technique 1, we have
started to use technique 2 as the standard mode of access
for laparoscopic appendectomy, but we also recommend
technique 3 for cases where a perfect cosmetic result is
desired.
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