
aparoscopic surgery is well established inseveral surgical specialties in children for avariety of indications.1 However, laparoscopicappendectomy (LA) is still under evaluation inchildren.  Laparoscopic appendectomy is rapidlybecoming an alternative to open appendectomy forthe treatment of appendicitis in children.  In thisstudy, we examined the efficacy, safety andcomplications of LA in children.
Methods. This is a critical review of childrenwho underwent LA between January 1999 and May
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ABSTRACT

2003 at King Khalid University Hospital, Riyadh,Kingdom of Saudi Arabia. Demographic data,operative procedures, severity of appendicitis,histopathology, operative time, hospital stay,analgesia and complications were carefullyanalyzed.  In our experience, we have used the 2ports (extracorporeal technique) in the first 40patients.  In the remaining 60 patients, the 3 ports(intracorporeal technique) were used which is ourpreferred method now.  In both techniques, closedmethod was used to approach the peritoneal cavity.The primary trocar was placed infra-umbilically
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Objectives: Laparoscopic appendectomy (LA) israpidly becoming an alternative to open appendectomyfor the treatment of appendicitis in children.  Weexamined the efficacy, safety and complications ofperforming LA in children.
Methods: This is a critical review of the children whounderwent LA between January 1999 and May 2003 atKing Khalid University Hospital, Riyadh, Kingdom ofSaudi Arabia. Demographic data, operative procedures,severity of appendicitis, histopathology, operative time,hospital stay, analgesia and complications were carefullyanalyzed.
Results:  Laparoscopic appendectomy was attempted in113 children.  It was successfully completed in only 100patients, 85 had uncomplicated appendicitis and 15 hadcomplicated appendicitis.  In 13 (11.5%) conversion toopen appendectomy had to be carried out for complicatedappendicitis.  Their ages ranged between 2-12 years(average 8 years);  52 were males and 48 were females.Symptom duration average was 30 hours inuncomplicated appendicitis and 56 hours in complicated

appendicitis.  Operative time ranged between 35-80minutes (average 53 minutes).  Four patients withcomplicated appendicitis developed postoperativecomplications, 2 had wound infections and the other 2had intra-abdominal collections.  No intra-operativecomplications were encountered.  The average hospitalstay was 2 days for uncomplicated appendicitis and 6days for complicated ones.  Histopathologicalexamination revealed 75 acutely inflamed appendices, 15were perforated appendicitis with or without massformation and 10 appendices reported to be normal.  Allpatients were followed up for 6-12 months.
Conclusion: Laparoscopic appendectomy is both a safeand effective method in managing children with acuteuncomplicated appendicitis. In children with complicatedappendicitis, LA should be carried out with caution andonly by an experienced surgeon, as it is associated with ahigher rate of conversion to open technique and morepostoperative infectious complications.
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Table 1  - Comparison of outcome between complicated and
uncomplicated appendicitis.

Characteristics

Operative time (min)

Hospital stay

Postoperative analgesia:
(pethidine)

One dose only
    Two or more doses

Wound infection
     Intra-abdominal collections

Uncomplicated
appendicitis

(N=85)

53 ± 24.41

2.9 ± 0.98   

22
  7

-
-

Complicated
appendicitis

(N=15)

63.5 ± 17.33

6.6 ± 4.91

3
4

2
2

Figure 1 - Shows endoscopic view during intra corporeal
laparoscopic appendectomy with the base of appendix
ligated with pre-tied endo loop.

(5mm or 10mm, depending upon the age and weight
of the patient).  In 3-ports technique, a second port
(3.5mm or 5mm) was inserted into the left lower
quadrant just below umbilicus and used for
manipulation, cauterization of mesoappendix, the
Roeder-loop suture, suction and irrigation.  Pre-tie
Vicryl Roeder-loop sutures (Auto Sutures United
Surgical Corporation, Norwalk, Connecticut, USA),
2 proximally and one distally were used to secure
the base of the appendix Figure 1.  The third port
is placed suprapubically (3.5mm or 5mm) and is
used to hold the tip of appendix during
appendectomy.  The appendix is usually removed
through the infraumbilical primary port (5mm or
10mm).  In the 2-ports technique (extracorporeal),
the appendix is eviscerated through the second-port
(5mm or 10mm) placed in the right lower quadrant
directly over the cecum. The appendectomy was
performed outside the abdominal cavity (Figure 2).
All patients received intravenous antibiotics
(cefuroxime and metronidazole) with induction of
anesthesia and continued postoperatively depending
on the findings at surgery.

Results. Laparoscopic appendectomy was
attempted in 113 children. It was successfully
completed in only 100 patients.  In 13 (11.5%),
conversion to open appendectomy had to be resorted
to for complicated appendicitis and that was mostly
early in our experience.  The conversion was mostly
due to technical difficulties such as malposition of
the appendix, mass formation, adhesions, and
perforation during manipulation.  Out of 100, 85
had uncomplicated appendicitis.  Their ages ranged
between 2-12 years (average of 8 years).  Fifty-two
patients were males and 48 were females. The
symptoms’ duration average was 30 hours in
uncomplicated appendicitis and 56 hours in
complicated appendicitis. Preoperative
investigations included complete blood count, plain
abdominal x-ray and ultrasound of the abdomen in
some patients as indicated.  Operative time ranged
between 35-80 minutes (average 53 min).  Four
patients with complicated appendicitis developed
postoperative complications, 2 had wound infection
and the other 2 had intraabdominal collections.
Wound infection was treated with drainage and
antibiotics and intraabdominal collections were
managed by percutaneous aspiration under
computerized tomography scan guidance with good
results.  No intraoperative complications were
encountered.  Twenty-four patients required one
dose of postoperative analgesia (pethidine
1mg/kg/dose) while 10 required 2 or more doses
and the rest of patients were managed with simple
analgesia. The average hospital stay was 2 days for
uncomplicated appendicitis and 6 days for
complicated ones.  A comparison of result between
LA for uncomplicated appendicitis and LA

Figure 2 - Shows appendix pulled out of abdominal cavity in 2-port
technique of extracorporeal laparoscopic appendectomy.
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technique.  Our average operative time for
uncomplicated appendicitis was 53 minutes and 63
minutes for perforated appendicitis.  This operative
time is comparable to the open technique and
similar to what was reported in the literature.4,6,7  It
is true that laparoscopic technique is more costly
than the open one.  However, this potential
disadvantage can be overcome by eliminating the
expensive instruments and using reusable
equipments.

Postoperative complications of LA have been
reported to range between 1.5-4% in large series.5-7

This incidence is comparable to traditional open
appendectomy series.13,14 Postoperative
complications included wound infection, residual
intraabdominal abscess, intestinal obstruction,
accidental visceral injuries, port hernia and
others.3-7,9,15  In our study, 4 patients developed
postoperative complications (4%), which were seen
only in complicated (perforated) appendicitis.  It has
been clearly documented that LA is superior to open
technique for uncomplicated appendicitis.
However, it is still uncertain whether this is true for
complicated appendicitis.  Some investigators
reported a higher rate of morbidity in complicated
(perforated) appendicitis especially the infectious
complications (wound infection and intra-abdominal
abscess) and advised against using laparoscopy in
these cases.15-17   In a retrospective study of 56
children treated for complicated appendicitis, 9% of
the open appendectomy group developed a
postoperative intra-abdominal abscess compared
with 41% (p=0.01) of the laparoscopically treated
group.16   Krisher et al15 reported a 24%
postoperative intra-abdominal abscess in LA for
perforated appendicitis and only 4.2% in open
appendectomy.  Steyaert et al17 in a study of 1500
pediatric laparoscopic appendectomies found that 14
(5.8%) of 240 patients with peritonitis developed
postoperative intra-abdominal abscess.  In our
study, 2 (13.3%) of 15 patients with perforated
appendicitis developed postoperative
intra-abdominal abscess.  On the contrary, others
have found no difference in term of infectious
complications between laparoscopic and open
groups for both simple and perforated
appendicitis.7,18-20  Most of the previously published
studies however had the limitations of being
retrospectives and the number of perforated
appendicitis performed by the laparoscopic
approach were relatively small. The benefits of
laparoscopic surgery in complicated appendicitis
will remain uncertain until we have more
prospective randomized controlled trials.  

In conclusion, our present study shows that LA is
safe and effective method in managing children with
acute uncomplicated appendicitis.  In children with
complicated appendicitis, (perforated/mass/abscess),
LA should be carried out with caution and by

performed for perforated appendicitis showed that
LA for perforated appendicitis is associated with
longer operating time and hospital stay, need for
more postoperative analgesia and had a higher
complication rate (Table 1).  Histopathological
examination revealed 75 acutely inflamed
appendices, 15 were perforated appendicitis and 10
appendices were reported to be normal.  All patients
were followed up for 6-12 months.

Discussion. Appendectomy is the most
common surgical emergency in children.  Open
appendectomy has been the standard treatment for
decades with excellent results.  However, owing to
advances in pediatric laparoscopic instruments and
increased experience with laparoscopy, many
centers now routinely use LA in children.2  The
popularity of this procedure has increased and most
laparoscopic appendectomies in children were
reported.3-7  Laparoscopic appendectomy has
undergone considerable refinements since its
introduction in 1983.  Various techniques have been
described including using single-port, 2-ports and
3-ports.7-9  The procedure can be carried out
intracorporeally or extracorporeally (appendix
pulled through laparoscopic port and carried out
outside the abdominal cavity).5  Early in our
experience, we used both approaches but now we
adopted the 3-ports intracorporeal technique.
Although the extracorporeal method was as
effective and safe as the intracorporeal technique,
we believe the latter has more advantages.  The
mesoappendix is dissected and divided by using
either electrocautery, endoscopic clips, endoscopic
stapler, or ultrasonically activated endoshear.7-10

The base of appendix can be ligated with
endoscopic ligating loops or clips or by endoscopic
stapler.5,7,10  Several retrospective and prospective
studies have shown that laparoscopic appendectomy
in children is safe, effective and offers many
benefits compared to the open technique.3-7,11 Our
experience with LA in over 100 cases lends support
to this conclusion especially in uncomplicated and
simple appendicitis.  In addition to these
advantages, a thorough examination of the entire
abdominal cavity is possible and this can help find
other pathological conditions especially in females,
in whom the rate of negative appendectomy is
higher and in patients with recurrent abdominal
pain.12  What was not clearly documented in the
literature is whether the operating time, cost and
complication rate for LA can approach that for open
appendectomy.  As one gains experience with
laparoscopic surgery, the operative time will
become shorter and approach that for open
technique or even shorter.  This is especially so for
simple appendicitis.  In complicated and perforated
appendicitis the operative time may be longer but
with experience this can be similar to the open
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experienced surgeon as it is associated with a higher
rate of conversion to open technique and has more
postoperative infectious complications.  Further,
prospective randomized control studies are needed
to show the benefits of LA for complicated
appendicitis. 
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