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Abstract

Purpose Although laparoscopic appendectomy (LA) for
acute appendicitis (AA) is widely performed, the value of
LA for the treatment of complicated appendicitis (CA) is
still controversially discussed.

Methods In a retrospective study, we analyzed the clinical
records of 404 patients who underwent LA or conversion
(intention-to-treat group) or open appendectomy (OA) for
AA or CA at the Alfried Krupp Hospital Essen-Riittenscheid,
Germany between January 2007 and December 2010.

Results AA was treated in 64.2 % by LA and in 35.8 % by
OA; the LA-to-OA conversion rate amounts to 3.7 %. CA was
treated in 56 % by LA and in 44 % by OA. The LA-to-OA
conversion rate here is 13.1 %, and compared to AA, it is
significantly (P<0.01) higher. Comparing LA with OA in both
patient groups, we find no significant difference in the overall
complication rate, the rate of postoperative intraabdominal
abscesses and postoperative ileus. However, in both patient
groups, the wound infection rate was significantly lower in
patients who had undergone LA (AA P<0.05 versus CA
P<0.01). In contrast to patients suffering from AA, patients
with CA needed significantly less resurgery when treated by
LA as compared to OA (P<0.001). While the duration of
surgery for the treatment of AA and CA was similar, the
hospitalization time was significantly shorter with LA than
with OA (AA P<0.05 versus CA P<0.001).

Conclusions The data suggest that LA is advantageous not
only in the treatment of AA, but also in the therapy of CA.
Thus, LA may become a proper and safe routine method if
performed by an experienced surgeon.
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Introduction

Acute appendicitis is the most common cause of surgical
abdomen and immediate surgical treatment is associated
with a decreased morbidity and mortality [1]. The aver-
age current incidence of acute appendicitis is about 100
per 100,000 person-years in Europe, North America, and
Australia [2, 3]. Clearly, lower incidences are observed
in other countries like Thailand, New Guinea, and among
the black population of South Africa [4-6]. The inci-
dence of perforated appendicitis is about 20-30 per
100,000 person-years [7]. About 180,000 patients under-
go an appendectomy in Germany every year [2]. The
exact rate of laparoscopic appendectomies is unknown.
For example, in 2006, for the first time, more than half
of the appendectomies were performed laparoscopically
in the state of Bavaria, Germany [8].

Complicated appendicitis is defined by perforation, ab-
scess, or peritonitis [9]. Patients with a complicated appen-
dicitis frequently show systemic signs of infection. While
children and older patients show a significantly increased
risk of perforation, women have a significantly lower rate of
perforation in case of acute appendicitis [10]. Delay in
diagnosis and surgical therapy can be regarded as the pre-
dominant cause of appendicular perforation [11]. The com-
plication rate after appendectomy is mainly correlated with
appendicular perforation as tenfold increases of the compli-
cation rate have been reported in the case of appendicular
perforation [11, 12]. Even nowadays, people belonging to
high-risk groups including very young patients, old patients,
and patients with a suppressed immune system or patients
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with comorbidities die from acute and especially from com-
plicated appendicitis [13].

Early surgical therapy is the only generally accepted con-
cept in the treatment of acute appendicitis and can be per-
formed by laparoscopic appendectomy (LA) or open
appendectomy (OA) [14]. In a current meta-analysis with more
than 5,000 patients, Sauerland et al. report significantly less
wound infections, reduced postoperative pain, shorter hospi-
talization times, and earlier return to normal activity after LA
as compared to OA [15]. However, in this study, laparoscopic
surgery is associated with an increased incidence of intraabdo-
minal abscesses and a longer duration of surgery [15]. Another
meta-analysis by Aziz et al. including 6,477 children relates
LA to OA in a pediatric population and also indicates signif-
icantly less wound infections, less postoperative ileus, and
shorter hospitalization times after LA [16]. In the same study,
no increased postoperative intraabdominal abscess rate or lon-
ger duration of surgery was reported after LA [16]. Regarding
cost and hospitalization time, patients older than 65 years,
patients with comorbidities, and those with complicated ap-
pendicitis appear to benefit the most from a laparoscopic
approach [13]. Moreover, hospital mortality does not differ
significantly between LA and OA in this study [13].

Although LA is known to be advantageous for the treat-
ment of acute appendicitis, its value for the treatment of
complicated appendicitis remains to be discussed controver-
sially. Especially the reported rate of postoperative intra-
abdominal abscesses diverges widely in different studies
comparing LA versus OA in complicated appendicitis [9,
17-24; Table 1]. Here, we retrospectively compare the clin-
ical records of 404 patients that underwent LA or OA
because of acute or complicated appendicitis. We analyze
and discuss the suitability of both methods for the treatment
of complicated appendicitis.

Methods

We retrospectively analyzed the clinical records of 404
patients who underwent LA or conversion (intention-to-treat

group) or OA for acute appendicitis or complicated appen-
dicitis at the Alfried Krupp Hospital Essen-Riittenscheid,
Germany, between January 2007 and December 2010.
Every appendectomy (LA or OA) was treated by an attending
surgeon or by a surgical resident in presence of an attending
surgeon. The performed surgical procedure (LA or OA)
depended on the laparoscopic experience of the surgeon or
of the assisting attending surgeon. Laparoscopically experi-
enced surgeons treated all patients irrespectively of the preop-
erative findings by LA while laparoscopically unexperienced
surgeons always applied OA. LA was performed using Endo-
GIAs for securing the appendicular stump and Endo-bags for
extraction. Complicated appendicitis is defined by perfora-
tion, abscess, or peritonitis. For every patient from the com-
plicated appendicitis group, the diagnosis was confirmed by
histopathological findings. Here, we compare LA versus OA
with respect to general parameters like age and gender as well
as with respect to specific parameters like complications (i.e.,
wound infection rate, postoperative intraabdominal abscess
rate, and postoperative ileus), necessity of resurgery, duration
of surgery, hospitalization time, postoperative necessity of
intensive care treatment, and mortality.

Data are expressed as percentages or mean+SD. Box—
whisker plots show minimum, 25th percentile, median, 75th
percentile, and maximum. Differences between two groups
are compared by the Student’s two-tailed ¢ test. Discrete data
are analyzed with the two-sided chi-square test. Statistical
analysis is performed using the software SPSS 15.0 and
differences were considered as significant at levels of
P<0.05.

Results

Age and gender in all patient groups

In the overall group, the average age was 34.9+16.9 years.
The average age of patients with acute appendicitis was

26.6+9.2 years, which was significantly (P<0.001) lower
as the average age of patients with a complicated appendicitis

Table 1 Comparison of pub-

lished postoperative intraabdo- Study n Postoperative abscess rate P value

minal abscess rates after

laparoscopic and open appen- LA OA

dectomy in patients with com-

plicated appendicitis Paik et al. [17] 750 6/67 [9 %) 19/683 [2.6 %) <0.05
Waullstein et al. [9] 299 9/217 [4.1 %] 4/82 [4.9 %] n.s.
Pokala et al. [18] 104 6/43 [14 %] 0/61 [0 %] <0.05
Yau et al. [19] 244 10/175 [5.7 %] 3/69 [4.3 %] n.s.
Park et al. [20] 587 9/200 [4.5 %] 17/387 [4.4 %) n.s.

LA laparoscopic appendectomy, Garg et al. [21] 110 4/49 [8.2 %] 14/61 [22.9 %] <0.05

04 open appendectomy, 71.s. not Asarias et al. [22] 2,464 113/1924 [5.9 %] 22/540 [4.1 %] n.s.

significant
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(49.1£18.4 years). Patients in the overall group (31.9+
13.1 years in LA/conversion versus 39.6+20.8 years in OA,
P<0.001) and in the complicated appendicitis group (42.6+
14.2 years in LA/conversion versus 57.4+19.8 years in OA, P
<0.001) who underwent LA/conversion were significantly
younger than patients who underwent OA. In the acute ap-
pendicitis group, there was no significant difference between
LA and OA with respect to the average patient age (26.6+
8.2 years in LA/conversion versus 26.3+8.2 years in OA, not
significant [n.s.]).

Altogether, there are significantly more male than female
patients included in the study (188 women, 216 men,
P<0.01). The gender distribution in the acute appendicitis
group was 114 women/140 men (P<0.05) and 74 women/
76 men in the complicated appendicitis group (n.s.). Within
the overall group, 131 women and 116 men underwent LA/
conversion while OA was performed with 57 women and
100 men. Regarding acute appendicitis, 92 women and 71
men were treated by LA/conversion, whereas 22 women
and 69 men were treated by OA (P<0.001). Thus, women
with an acute appendicitis underwent LA/conversion signif-
icantly more often while OA was the predominant treatment
in the male patient group. Finally, regarding complicated
appendicitis, there was no significant difference in the gen-
der distribution between LA/conversion (39 women/45
men) and OA (35 women/31 men).

Overall group

Acute appendicitis (254/404, 62.9 %) or complicated appen-
dicitis (150/404, 37.1 %) was treated by LA/conversion in
247 (61.1 %) cases. The conversion rate in the overall group
was 6.9 % (17/247, intention-to-treat group). One hundred
fifty-seven (38.9 %) patients were treated by OA. In the
overall group, 207 (207/404, 51.3 %) patients were treated
by a surgical resident (in presence of an attending surgeon)
and 197 (197/404, 48.7 %) patients were treated by an
attending surgeon. Regarding the kind of surgery, there is
no statistical difference with respect to the experience of the
operating surgeon: for LA/conversion (surgical resident
116/247 [47.0 %] versus attending surgeon 131/247
[53.0 %], n.s.) compared to OA (surgical resident 91/157
[58.0 %] versus attending surgeon 66/157 [42.0 %], n.s.).
The total complication rate was significantly lower for
LA/conversion compared to OA (LA/conversion 22/247
[8.9 %] versus OA 28/157 [17.8 %], P<0.01, Fig. 1a).
There is no significant difference in the rate of postoperative
intraabdominal abscesses (LA/conversion 6/247 [2.4 %]
versus OA 4/157 [2.5 %], n.s., Fig. 1b) or in the postoper-
ative ileus rate (LA/conversion 8/247 [3.2 %] versus OA
5/157 [3.2 %], n.s., Fig. 1d). The wound infection rate
(LA/conversion 8/247 [3.2 %] versus OA 19/157
[12.1 %], P<0.001, Fig. lc) is significantly lower for

patients treated by LA/conversion. Furthermore, there is
no statistical difference regarding the necessity of resurgery
(LA/conversion 7/247 [2.8 %] versus OA 9/157 [5.7 %],
n.s., Fig. 2). Two patients (2/247 [0.8 %]) needed resurgery
twice after LA. The duration of surgery (45.8+16.3 min in
LA/conversion versus 50.2+22.1 min in OA, P<0.05,
Fig. 3a) and the hospitalization time (4.5£1.5 days after
LA/conversion versus 6.4+4.5 days after OA, P<0.001,
Fig. 3b) were significantly shorter in LA/conversion.
Differences in regard to intensive care treatment and mor-
tality are described below.

Acute appendicitis group

Acute appendicitis (n=254) was treated by LA/conversion
in 163 (64.2 %) cases. One hundred fifty-seven patients
(61.8 %) underwent LA and six patients needed conversion
(3.7 %, intention-to-treat group). Ninety-one (35.8 %)
patients were treated by OA. One hundred thirty-nine
(139/254, 54.7 %) patients were treated by a surgical resi-
dent (in presence of an attending surgeon) and 115
(115/254, 45.3 %) patients were treated by an attending
surgeon. Regarding the kind of surgery in the acute appen-
dicitis group, we find a slight bias with respect to the
experience of the operating surgeon: while LA/conversion
has been applied rather equally by the two mentioned cate-
gories of surgeons (surgical resident 78/163 [47.9 %] versus
attending surgeon 85/163 [52.1 %], n.s.), OA seems to have
been preferably applied by the surgical residents (surgical
resident 61/91 [67.0 %] versus attending surgeon [33.0 %],
P<0.0001). Although this effect is formally statistically
significant, we would like to qualify it by reminding the
reader of the somewhat small sample size of the latter test of
N=91 patients. There is no significant difference in the total
complication rate in this group (LA/conversion 9/163
[5.5 %] versus OA 10/91 [11.0 %], n.s., Fig. 1a). The rate
of postoperative intraabdominal abscesses (LA/conversion
2/163 [1.2 %] versus OA 1/91 [1.1 %], n.s., Fig. 1b) and the
rate of postoperative ileus (LA/conversion 2/163 [1.2 %]
versus OA 1/91 [1.1 %], n.s., Fig. 1d) appear similar for LA
and OA. The wound infection rate (LA/conversion 5/163
[3.1 %] versus OA 8/91 [8.8 %], P<0.05, Fig. 1c) is found
to be significantly lower for patients treated by LA/conver-
sion. The necessity of resurgery in this group is rather low
for both LA/conversion and OA (LA/conversion 2/163
[1.2 %] versus OA 2/91 [2.2 %], n.s., Fig. 2). In addition,
we find a very similar duration of surgery for either method
(43.1+11.6 min in LA/conversion versus 44.94+18.2 min in
OA, P=0.34, n.s., Fig. 3a). The hospitalization time was
significantly shorter for LA/conversion (4.1+1.4 days in
LA/conversion versus 4.7+2.4 days in OA, P<0.05,
Fig. 3b). Finally, no patient needed intensive care treatment
and no case of death occurred in this group.
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Fig. 1 a Overall complication a
rate, b postoperative
intraabdominal abscess rate, ¢
wound infection rate, and d
postoperative ileus rate in the
overall group and the acute and
complicated appendicitis group
for LA and OA (44 acute
appendicitis, CA complicated
appendicitis, LA4 laparoscopic
appendectomy, OA4 open
appendectomy, *P<0.05, b
**P<0.01, ***P<0.001) 6%
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Complicated appendicitis group

Complicated appendicitis (n=150) was treated by LA/con-
version in 84 (56 %) cases. Seventy-three patients (48.7 %)
underwent LA and 11 patients needed conversion (13.1 %,
intention-to-treat group), whereas 66 (44 %) patients were
treated by OA. Sixty-eight (68/150, 45.3 %) patients were
treated by a surgical resident (in presence of an attending
surgeon) and 82 (115/254, 54.7 %) patients were treated by
an attending surgeon. Regarding the kind of surgery in the
complicated appendicitis group, there are no hints for statis-
tical differences with respect to the experience of the oper-
ating surgeon: for LA/conversion (surgical resident 38/84
[45.2 %] versus attending surgeon 46/84 [54.8 %], n.s.)
compared to OA (surgical resident 30/66 [45.5 %] versus
attending surgeon 36/66 [54.5 %], n.s.). Moreover, we find
no significant difference in the total complication rate
(LA/conversion 14/84 [16.7 %] versus OA 16/66
[24.2 %], n.s., Fig. 1a), the rate of postoperative intraabdo-
minal abscesses (LA/conversion 4/84 [4.8 %] versus OA
3/66 [4.5 %], n.s., Fig. 1b), or the rate of postoperative ileus
(LA/conversion 6/84 [7.1 %] versus OA 4/66 [6.1 %], n.s.,

12%, - *%
8% 4~ LA
4% "OA
00/0 . '- - L - B - _I'/'.
overall AA CA

Fig. 2 Rate of resurgery in the overall group and the acute and compli-
cated appendicitis group for LA and OA (44 acute appendicitis, CA
complicated appendicitis, L4 laparoscopic appendectomy, OA4 open ap-
pendectomy, **P<0.01)

@ Springer

=0A
5% -
A CA

'| *%k
15% 7 sk
LA — - LA
*
l =0A
AA CA

overall

d
8% 1 |
LA &1 LA
=m0A 4% | ; l =0A
2%
-. , 0% +- : -, 7
A CA overall AA CA

Fig. 1d) between LA/conversion and OA. The wound infec-
tion rate (LA/conversion 3/84 [3.6 %] versus OA 11/66
[16.7 %], P<0.01, Fig. 1c) and the resurgery rate
(LA/conversion 4/84 [4.8 %] versus OA 7/66 [10.6 %],
P<0.01, Fig. 2) were significantly lower for patients treated
via LA/conversion. Concerning the duration of surgery, we
find no statistical difference between the two methods: 51.0
+22.1 min in LA/conversion versus 57.5+£24.5 min in OA
(n.s., Fig. 3a). Hospitalization time is found to be signifi-
cantly shorter for patients after LA/conversion (5.2+1.5 days
in LA/conversion versus 8.2+5.5 days in OA, P<0.001,
Fig. 3b). However, four patients (6.1 %) needed intensive
care treatment after OA, whereas no patient needed moni-
toring/intensive care treatment after LA/conversion. Finally,
there is zero mortality in the LA/conversion group while one
patient from the OA group deceased due to a severe sepsis
after a prolonged postoperative intensive care treatment.
One patient in the OA group had to be treated by an
oncological right hemicolectomy due to a perforated inci-
dental adenoid carcinoma.

Discussion

Although widely employed for the treatment of acute ap-
pendicitis, the role of LA for the therapy of complicated
appendicitis is still under debate [9, 17-24]. In this work, we
retrospectively analyzed the outcomes of 404 patients that
underwent LA or OA because of acute appendicitis or
complicated appendicitis. The acquired data do not show
evidence of LA to being inferior to OA regarding the treat-
ment of complicated appendicitis. Similarly to those patients
with acute appendicitis, the patients with complicated ap-
pendicitis treated by LA showed significantly lower postop-
erative wound infection rates and shorter hospitalization
time as compared to the OA group. In addition, no increased
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postoperative intraabdominal abscess rate was found for
patients after LA in case of complicated appendicitis. We
are discussing these results in more detail as follows.

The performed surgical procedure (LA or OA) depended on
the laparoscopic experience of the surgeon or of the assisting
consultant. Due to this, the rate of patients treated by OA was
relatively high in both patient groups, that is, 44 % in the
complicated appendicitis group and 35.8 % in the acute ap-
pendicitis group. Within the overall group and the complicated
appendicitis group, we find no signs of a statistical difference
regarding the kind of surgery with respect to the experience of
the operating surgeon (surgical resident versus attending sur-
geon). However, within the group of patients that suffered from
acute appendicitis, we found statistical hints of an asymmetry
of the applied method with regard to the surgeons’ experience,
that is, surgical residents, in contrast to attending surgeons,
appear to have favored OA over LA/conversation in cases of
acute appendicitis. Nevertheless, although this finding appears
formally statistically significant within the analyzed patient
group, it should be taken with a grain of salt since the sample
size is limited (N=91).

The rate of patients diagnosed with complicated appen-
dicitis in this study is with 37.1 % higher than usually
observed [7]. A reason for this may be the relatively high
average age of 34.9 years (49.9 years in CA) in our patient
collective [2]. Indeed, patients at the age of 45 years or older
were reported to possess a significantly increased risk of
perforation [10], which is accompanied by higher rates of
complicated appendicitis. Li et al. have reported LA to OA
conversion rates of 10 % for the treatment of acute appen-
dicitis [25]. Regarding complicated appendicitis, this con-
version rate fluctuates among 1.8-21.3 % [9, 17, 18, 20, 21].
Thus, in the present study, the conversion rate in acute
appendicitis (3.7 %) is comparatively low while the signif-
icantly higher conversion rate in complicated appendicitis
(13.1 %) lies within the range published in the literature.

It is well-known that patients with appendicitis undergo-
ing LA show lower wound infection rates in comparison to
OA treatments [15]. However, for these patients also, an
increased incidence of postoperative intraabdominal ab-
scesses has been reported in some studies limiting the LA-

related beneficial outcomes [15]. The postoperative ileus
rate after LA appears to be comparable [25] implying no
advantage for one or the other method. Consistent with these
studies, our patients showed significantly less wound infec-
tions and a similar postoperative ileus rate after LA as
compared to OA (acute and complicated appendicitis).
Remarkably, in the present study, we did not observe an
OA-to-LA difference regarding the incidence of postopera-
tive intraabdominal abscesses (acute and complicated ap-
pendicitis). These findings are in accordance with those
studies also reporting similar rates of postoperative intra-
abdominal abscesses after LA compared with OA (see
Table 1). Hence, our study raises further evidence that LA
for both acute and complicated appendicitis combines the
known advantages of minimally invasive surgery (e.g., low-
er wound infection rates) without necessarily being associ-
ated with the previously reported shortcomings (i.e., increased
postoperative intraabdominal abscess rates).

In contrast to other groups reporting longer operation
times for LA as compared to OA [15, 18, 21], in our study,
the average duration of surgery was similar for both proce-
dures (acute and complicated appendicitis). This discrepan-
cy may be explained by the fact that all our LAs were
performed employing Endo-GIAs for the appendicular
stump management. Indeed, the use of Endo-GIAs for se-
curing the appendicular stump during LA was shown to be
more time-effective than the Endo-loop technique [26].
Patients treated by LA (acute and complicated appendicitis)
displayed a significantly shorter hospitalization time as
compared to OA—a result that is consistent with previous
findings [15, 19, 20, 25]. In contrast to patients with acute
appendicitis, patients with complicated appendicitis who
were treated by LA needed significantly less resurgery com-
pared to OA. Finally, patients with acute appendicitis need-
ed resurgery significantly less often as compared to patients
with complicated appendicitis regardless of the surgical
procedure. This observation is consistent with the signifi-
cantly lower rate of overall complications in acute appendi-
citis seen in this study.

Taken together, our observations raise further evidence
for LA to be suitable not only for the treatment of acute, but
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also for the treatment of complicated appendicitis as the
patients benefit from the known advantages of minimally
invasive surgery without necessarily being at risk for increased
postoperative intraabdominal abscess rates. Therefore, LA has
the potential to become a safe routine method for the treatment
of complicated appendicitis if performed by an experienced
surgeon.
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