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Abstract
Background: The role of laparoscopic appendectomy
for perforated appendicitis remains controversial. This
study aimed to compare laparoscopic and open
appendectomy outcomes for children with perforated
appendicitis.
Methods: Over a 36-month period, 111 children with
perforated appendicitis were analyzed in a retrospective
review. These children were treated with either lapa-
roscopic (n = 59) or open appendectomy. The primary
outcome measures were operative time, length of hos-
pital stay, time to adequate oral intake, wound infec-
tion, intraabdominal abscess formation, and bowel
obstruction.
Results: The demographic data, presenting symptoms,
preoperative laboratory values, and operative times
(laparoscopic group, 61 ± 3 min; open group, 57 ± 3
were similar for the two groups (p = 0.3). The time to
adequate oral intake was 104 ± 7 h for the laparo-
scopic group and 127 ± 12 h for the open group
(p = 0.08). The hospitalization time was 189 ± 14 h
for the laparoscopic group, as compared with
210 ± 15 h for the open group (p = 0.3). The wound
infection rate was 6.8% for the laparoscopic group and
23% for the open group (p < 0.05). The wounds of
another 29% of the patients were left open at the time
of surgery. The postoperative intraabdominal abscess
formation rate was 13.6% for the laparoscopic group
and 15.4% for the open group. One patient in each
group experienced bowel obstruction.
Conclusions: Laparoscopic appendectomy for the chil-
dren with perforated appendicitis in this study was
associated with a significant decrease in the rate of
wound infection. Furthermore, on the average, the
children who underwent laparoscopic appendectomy
tolerated enteral feedings and were discharged from the
hospital approximately 24 h earlier than those who had
open appendectomy.
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Appendicitis is the most common surgical emergency in
childhood [1]. Perforation is a typical complication in
children [2]. In fact, 55% to 80% of patients younger than
6 years present to the surgeon with perforation, and
perforated appendicitis remains a highly morbid condi-
tion [3]. For decades, open appendectomy has been the
standard treatment for both acute and perforated
appendicitis and has been proved safe and effective [4, 5].
Semm�s [6] application of laparoscopy for the treatment
of appendicitis has introduced an element of controversy
into an otherwise well-established treatment.

Laparoscopic appendectomy has the intrinsic appeal
shared by all minimal access surgery. This includes the
potential for decreased postoperative pain, more rapid
return to full activity, and improved cosmesis. However
several studies have suggested that the laparoscopic
approach results in a possible longer operating time and
more postoperative complications than the open ap-
proach. These observation have been reported for both
adults and children [7–14].

Despite these reported potential disadvantages,
laparoscopic appendectomy has become a popular
operation for acute and perforated appendicitis in
children [7, 9–11, 15, 16]. Our study aimed to compare
the outcomes of laparoscopic and open appendectomy
for children with perforated appendicitis in a busy
pediatric surgical center that commonly performs
advanced minimally invasive procedures for children.

Patients and methods

Over a 36-month period, 111 children with perforated appendicitis
were seen at the Children�s Hospital of Alabama, University of
Alabama at Birmingham. These patients were analyzed in a retro-
spective chart review. Appendectomy was performed by either openCorrespondence to: A. Yagmurlu
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or laparoscopic technique on the basis of individual surgeon prefer-
ence.

This retrospective chart review was performed by examining the
reports of six pediatric surgeons at the University of Alabama at
Birmingham, Children�s Hospital. Three of these pediatric surgeons
are advocates of laparoscopic surgery. They prefer to treat every acute
appendicitis case via a laparoscopic approach. These surgeons are well
experienced in the field of pediatric laparoscopic surgery, including the
most complex operations such as laparoscopic colectomy, Roux-en-Y,
porto-enterostomy, and the like. The other three surgeons were in the
favor of open appendectomy, and performed all their appendectomies
in open fashion. Consequently, 59 (53%) of the children were treated
with a laparoscopic approach, and 52 (47%) had open appendectomy.
The cases were analyzed on the basis of intent to treat. Therefore, the
laparoscopic group included three patients for whom laparoscopic
appendectomy was attempted before conversion to open appendec-
tomy. The open group included three patients for whom laparoscopy
was used only to confirm the diagnosis of perforated appendicitis be-
fore open appendectomy. Children who had perforated appendicitis
managed with intravenous antibiotics and drainage followed by
interval appendectomy were not included in the study.

The diagnosis of perforated appendicitis was established by the
surgeon at the time of surgery, then confirmed later with histopatho-
logic reports. Open appendectomy was performed through a right
lower quadrant muscle-splitting incision. The appendix was ligated at
the base and divided with or without inversion of the appendiceal
stump. Irrigation was based on the surgeon�s preference. The
abdominal fascia was closed in layers. The skin incision was either left
open (15/52) or closed with interrupted nylon sutures (37/52), as
determined by the surgeon�s preference. Laparoscopic appendectomy
was performed using a Veress needle for abdominal insufflation and
placement of three abdominal access trocars. The meso-appendix was
divided with an endo-GIA stapler or electrocautery. The appendix was
laparoscopically mobilized and divided at the base using an endoscopic
stapling device (32/59) or tied at the base with endoloops (27/52) and
then divided. The appendix then was removed from the abdomen in an
endocatch bag (46/59) or via the 12-mm umbilical trocar (13/59). The
entire abdomen was inspected for contamination and typically irri-
gated vigorously.

Postoperatively, all the patients received intravenous (IV) fluid
and parenteral broad-spectrum antibiotics. Children received either a
triple antibiotic regimen or a single broad-spectrum antibiotic, typi-
cally for 7 to 10 days. Oral antibiotics such as Augmentin were
frequently prescribed at the time of discharge for an additional week.
Oral feeding was initiated and advanced as tolerated by the child. In
addition to demographic data, particular attention was given to the
operative time, the time to adequate oral intake, and the length of
hospital stay. The operation length was calculated from skin incision
to completion of wound closure. The time to adequate oral intake was
specifically defined as the postoperative period required for the child to
tolerate two-thirds of daily maintenance fluid by mouth. The hospital
length of stay was defined as the time from admission until the time of
discharge. The primary outcome measures for this study were devel-
opment of a wound infection, intraabdominal abscess formation, and
bowel obstruction. Wound infection was defined as purulent drainage
from the wound or a change in antibiotics secondary to inflammatory
changes in the wound. Computerized tomography or ultrasonography
reports were used to establish the diagnosis of intraabdominal abscess
formation. Bowel obstruction was defined as the patient requiring re-
admission for gastrointestinal decompression or reoperation. The
frequencies of complications in the two groups were compared using
the chi-square test. Student�s t-test was used for comparison of other
continuous variables.

Results

The presenting symptoms and preoperative laboratory
values were similar for the two groups (Table 1). Gender
distribution also was similar in the open and laparo-
scopic appendectomy groups, with a male-to-female
ratio of 1.8:1. In both populations, the patients ranged
in age from 2 to 18 years. The mean age for the open

group was 8.6 ± 0.5 years, as compared with
10.2 ± 0.5 years for the laparoscopic group (p < 0.05).
The weight of the children ranged from 10 to 90 kg. The
mean weight for the open group was 36 ± 3 kg, as
compared with 43 ± 3 kg for the laparoscopic group,
and this difference also was statistically significant (p <
0.05) (Table 2).

The mean operative time was 57 ± 3 min for the
open appendectomy group and 60 ± 3 min for the
laparoscopic group. This difference was not statistically
significant (p > 0.05). The mean time to adequate oral
intake was 127 ± 11 postoperative hours for the open
group and 104 ± 7 postoperative hours for the lapa-
roscopy group (p = 0.06). The children who underwent
open appendectomy were hospitalized 210 ± 15 h on
the average, whereas the laparoscopic appendectomy
patients stayed 189 ± 15 h (Table 2).

The incidences of postoperative complications for the
two groups are summarized in Fig. 1. The most common
complication observed in the group of children that
underwent open appendectomy was wound infection.
Superficial wound infection developed in 23% of the pa-
tients in this group. In the laparoscopic appendectomy
group, awound infectiondeveloped inonly three patients.
Each infectionwas located at the umbilical trocar site, and

Table 1. Presenting symptoms, physical examination, and preopera-
tive laboratory values

Open
appendectomy
n (%)

Laparoscopic
appendectomy
n (%)

Presenting symptoms and physical examination
Abdominal pain 50/52 (96.1) 59/59 (100)
Diffuse 12/50 (24) 13/59 (22)
Vomiting 44/52 (84.6) 53/59 (89.8)
Diarrhea 12/52 (23) 16/59 (27.1)
Fever 20/52 (38.5) 28/59 (47.4)
Anorexia 18/52 (34.6) 20/59 (33.9)
Diffuse abdominal tenderness 16/52 (30.8) 20/59 (33.9)
Palpable abdominal mass — 1/59 (1.7)
Heart rate 122 ± 3 /min 116 ± 3 /min
Maximum temperature mesured 100.2 ± 0.2 F 99.8 ± 0.2 F
Preoperative laboratory values imaging studies
WBC 16500 ± 680 16350 ± 710
Intraabdominal abscess 6 3
US 1 1
CT 5 2

WBC, white blood count; US, ultrasound; CT, computed tomography

Table 2. Demographic data, operative times, time to adequate oral
intake, and length of hospital stay for the groups studied

Open
appendectomy

Laparoscopic
appendectomy

Age (years) 8.6 ± 0.5 10.2 ± 0.5 (p < 0.05)
M/F 2.3:1 2.5:1
Weight (kg) 36 ± 3 43 ± 3 kg (p < 0.05)
Operative time (min) 57 ± 3 60 ± 3 (NS)
Time to adequate
oral intake (h)

127 ± 11 104 ± 7 h (p = 0.06)

Length of hospital
stay (h)

210 ± 15 189 ± 15 h (NS)

NS, not significant
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one of the patients had removal of appendix via this tro-
car. There seems to be no statistically significant differ-
ence between the two groupswith regard to removal of the
appendix. A postoperative intraabdominal abscess
developed in 15.4% (8/52) of the patients undergoing open
appendectomy. Three of these patients experienced in-
traabdominal abscess formation during the initial
admission. Three of the patients were rehospitalized and
treated with IV antibiotics. Five patients required reop-
eration for drainage. In the laparoscopic group, 8 (13.6%)
of 59 patients experienced an intraabdominal abscess.
Ligation with endoloops was performed for four of these
eight patients (odds ratio [OR], 1.22; 95% confidence
interval [CI], 0.27–5.41), whereas the appendix was re-
moved via the umbilical trocar without using an endo-
catch bag for three patients (OR, 2.46; 95% CI, 0.50–
12.05).

These data clearly show that there was no statisti-
cally significant difference between stapling the appen-
diceal stump and using endoloops in the presented
series. Three of these patients were treated in hospital
with an IV antibiotic. One patient was treated at home
with oral antibiotics. Percutaneous drainage with ultr-
asonographic guidance was performed for one patient,
and three patients required reoperation. There was no
statistical difference between the two groups with regard
to the prevalence of an intraabdominal abscess forma-
tion. One patient in each group experienced a postop-
erative bowel obstruction as a complication. The
incidence of this condition was 1.9% in the open group
and 1.7% in laparoscopic group.

Discussion

Most of the controlled trials comparing laparoscopic and
open appendectomy in adults and children report sig-
nificant advantages of the laparoscopic technique in
terms of a reduced wound infection rate. This can be
explained by the almost complete avoidance of abdom-
inal wall contamination during laparoscopic procedures.
This is especially true for all forms of perforated
appendicitis with local formation of pus [7, 10, 16–18].

Our results for laparoscopic appendectomy confirm
the significantly lower rate of wound healing compli-

cations (p < 0.05). Only three patients experienced a
superficial wound healing impairment at the umbilical
trocar. On the other hand, about one-fourth of the
patients who underwent open appendectomy for per-
forated appendicitis experienced a superficial wound
infection. This difference exists despite the fact that
this rate of wound infection underrates the total
wound morbidity associated with open appendectomy.
In addition to the 25% in whom wound infections
developed, the wounds of another 29% were left open
at the time of operation. Considering this, less than
half the children who underwent open appendectomy
healed without a complicated wound. These results
were comparable with other published infection rates,
which reach up to 45% [12, 19]. Risk factors for the
formation of intraabdominal abscess remain contro-
versial. Several reports suggest that the incidence of
this complication is higher after laparoscopic appen-
dectomy than after open appendectomy among pa-
tients with perforated appendicitis [20]. Classic open
appendectomy data have identified three factors cru-
cial to minimizing intraabdominal abscess rates
including adequate preoperative resuscitation, appro-
priate perioperative antibiotics, and good surgical
technique [20–22].

The results of the presented study showed no increase
in the incidence of postoperative intraabdominal abscess
after laparoscopic appendectomy (p > 0.05). It has been
suggested that the ligation of the appendiceal base with
staples rather than an endoloop reduces the risk of
spillage [23]. Four of eight patients in the presented
group who experienced a postoperative intraabdominal
abscess had their appendiceal stump ligated with endo-
loops (OR, 1.22; 95% CI, 0.27–5.41). Placement of the
detached appendix into an endobag before its removal
from the abdominal cavity reduces contact with visceral
or fascial surfaces, minimizing intraabdominal contam-
ination. Of the 13 children whose appendix was removed
via the 12-mm umbilical trocar, 23% experienced an
intraabdominal abscess, as compared with 10% of the
endobag group (OR, 2.46; 95% CI, 0.50–12.05). On the
basis of this data, we suggest removal of the appendix
from the abdomen in an endobag.

Ortega et al. [23] have reported that the incidence of
bowel obstruction is higher in laparoscopic appendec-
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groups studied.
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tomy for perforated appendicitis than with the open ap-
proach. The incidence of postoperative bowel obstruction
for perforated appendicitis in our study did not differ
between the laparoscopic and open approaches.

One purported disadvantage of laparoscopic
appendectomy is the longer operative time [18]. Our
results refute this notion. This study is one of the first to
demonstrate similar operating times for laparoscopic
and open appendectomy used to manage perforated
appendicitis. In most of the published data, the time
until the start of postoperative oral intake was not found
to be different in children and adults between laparo-
scopic and open appendectomy [24, 25]. Reintroduction
of a normal diet occurred earlier after laparoscopic than
after open appendectomy in a few studies [26]. In our
series, the children in the laparoscopic appendectomy
group usually started taking adequate oral intake on
postoperative day 4, as compared with postoperative
day 5 for the open appendectomy group. The magnitude
of the difference between these means was large. There
was almost a full 24-h time difference between the
groups. Using Student�s t test, the difference fell just
short of statistical significance, with a p value of 0.06.
We believe this finding is a result of sample size. One
major advantage of laparoscopic procedures reported is
the faster recovery and shorter length of hospital stay.
Several reports have suggested that the hospitalization
was significantly shorter when the patient was treated
using laparoscopic appendectomy [12, 16–18, 27].

The mean length of hospital stay for the laparo-
scopic appendectomy group in the current series was 20
h less than for the open appendectomy group. However,
given the variance in these data, the difference between
these two groups did not reach statistical difference.

In summary, perforated appendicitis in children
continues to be a common and morbid condition. The
incidence of perforation in children who presented with
appendicitis was 40% at the Children�s Hospital of
Alabama during the study period. Postoperative com-
plications occurred in 27% of our patients, and 12% of
these complications were superficial wound infections.
In our series, laparoscopic appendectomy did not in-
crease the operative time. Laparoscopic appendectomy
in children with perforated appendicitis in this study was
associated with a significant decrease in the rate of
wound infection. Total wound morbidity decreased
approximately 10-fold. The higher incidence of intra-
abdominal abscess formation after laparoscopic appen-
dectomy suggested in other series was not observed in
our study. It can be concluded that laparoscopic
appendectomy is a safe alternative to the traditional
open approach and could be the procedure of choice for
perforated appendicitis in childhood.
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