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1. Introduction
Acute appendicitis is one of the commonest surgical problems afflicting a major population
all over the world. No age is immune to it but it is most prevalent during adolescent and
child hood. The outcome can be very serious at both extremes of life and there is a life time
risk of developing acute appendicitis in about 5-8% nothing. An early surgical removal after
diagnosis is the most preferred and agreeable treatment. Appendectomy through grid iron
incision has enjoyed a unique reputation of a standard operation globally. It is one of the
most common abdominal operations performed all over the world. The open appendectomy
through right grid iron incision was introduced by Mc Burney (Mc Burney 1894) and this
technique enjoyed decades of un-opposed reputation and widespread use globally because
of its proven safety and efficacy. The introduction of laparoscopy has brought a major
change in the field of surgery. The laparoscopic appendectomy is gradually gaining
popularity over the past 10-15 years by way of proving improved diagnostic outcome and
decreased rate of wound problems. It was way back in 1983 when a first laparoscopic
surgery for acute appendicitis was performed by a German Gynaecologist Semm (Semm K
1983). There are a number of reports published in favour of laparoscopic approach in terms
of rapid recovery, a faster wound healing, lowered rate of complications, and an early
resumption of oral intake (Martin LC et al 1995) while others (John Brenden Hansen 1996)
claimed that though it takes a comparatively longer time but yet is safe and effective way of
treating acute appendicitis as it reduces post-operative stay substantially and would help
the patient return to work earlier. An almost similar recommendation came from many
similar studies in a very short span of time comparing laparoscopic versus open
appendectomy, claiming substantial advantage over open technique (Rober Globus et al
1998). A superiority in terms of cosmetic results and cost-effectiveness was another reason
that majority favoured this recently introduced technique. A recent study claims it to be a
safe option in children compared to the open operation (Lee SL 2011). There were however a
lot of reservations as to the safety and applicability of this procedure as elaborated by many
studies (Ingraham et al 2010) (Yano H et al 2004) (Kamal M 2003). There is a limitation to the
use of this laparoscopic approach in third world countries where the economical constraints,
lack of facility and a general fear keeps them from getting operated (Saunders S 2002).
Despite all the limitations ,the scope of laparoscopic appendectomy is on the rise and
although it has not yet achieved the status of a “Gold Standard “ treatment as enjoyed by
laparoscopic cholecystectomy, there is a gradual acceptance of this procedure all over the
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world based on various factors in favour of laparoscopic approach. The main advantages
reported over open appendectomy include an accuracy of diagnosis especially in females
when various other conditions can mimic acute appendicitis, an excellent cosmetic outcome,
minimal tissue trauma, substantially reduced operative and post operative complications,
and an early return to work. Ulrich Guller et al 2004 proposed that laparoscopic
appendectomy decreases in-hospital admission, in hospital mortality, and post operative
complications. Despite innumerable reports favouring laparoscopic appendectomy, the
technique is really slow to gain popularity and not many centres are doing this procedure
regularly. There seems to be no obvious reasons for this. The uptake of laparoscopic
technique for appendicitis is slow to evolve all over the world. Loannis Kehagias et al 2008
reported recently very promising results of laparoscopic appendectomy emphasizing
availability of the sophisticated instruments as well as adequate experience of the surgeon to
play a key role for a successful laparoscopic appendectomy. The elderly patients are thought
to be at a higher risk of developing complications following acute appendicitis and there are
reports claiming that laparoscopic appendectomy is a presumably superior option for the
elderly victims of acute appendicitis (Wu SC et al 2011). Despite of lots of benefits
elaborated in many randomized trials and other similar studies talking high of laparoscopic
approach, a number of critics have shown a marginal benefit of the laparoscopic approach
over open conventional technique ( Jane Garbutt 1999, Kathouda N 2005, Oannis Kehagias
2008, Olmi S 2995, Lee SL 2011, Saunders S 2002, Martin LC, 1995,). The adequate data in
favour of this technique has not really brought a significant change of mind as yet and there
is a clear split of opinion as to the optimum method of treatment of acute appendicitis.
There is a school of thought which considers this mode of treatment to be time consuming,
but shorter hospital stay, better cosmetic results and cost effective. This is contrary to the
belief of many surgeons who continue to practice open appendectomy by the same
conventional method considering it to be the standard operation for acute appendicitis. The
real challenge in laparoscopic approach is considered to be those patients where the
appendix is severely inflamed, twisted, retro-caecal or is in pelvis or there are firm
adhesions making its skeletinization difficult by laparoscopic means. It is claimed that the
commonest problems faced are in the complicated appendicitis where even the experts feel
difficulty. A number of conflicting results negating the advocates were published making its
feasibility questionable in complicated cases of acute appendicitis (Ortega AE et al 1995)
(Bresciani et al 2005) (Katkhuda N 2005). Yoshiwa et all claim lack of proper training and
lack of knowledge about basic technique to be responsible for its limited use presently . An
extended and undue prolonged operative time taken in laparoscopic approach has been
reported to be one of the disadvantages of this technique (Reiertsen O etal 1997). This has
been attributed to the learning curve of the surgeons and it was believed that with
experience the difference in operative time of the two techniques becomes almost negligible
(Kehagias I et al 2008). Similarly, the cost effectiveness can be achieved by decreasing the
operative time and a high level of skill to make it more feasible for the developing countries
(Ali R et al 2010).The laparoscopic procedure is still under evaluation and a number of
changes are made in the original procedure. Vipul D et al introduced a two port technique
instead of three port technique introduced, (Song Yi Kim et al 2010). This report was carried
out by a trainee and there was a learning curve of thirty patients. (Ulritch Guller et al 2004)
proposed laparoscopic appendectomy to be much superior than the open technique in terms
of hospital stay, cosmetics, early return to work and post-operative mortality. There are
reports questioning its cost as there is longer operative time and use of disposable
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instruments, multiplying the actual cost manyfolds compared to the open appendectomy
(Ignacio RC 2004). This is contrary to the belief of others (Neendham PJ et al 2009) who
claim that laparoscopic appendectomy can be performed in a reasonable cost despite use of
disposable items. Despite accumulation of substantial data favouring laparoscopic
appendectomy, there continues an expanding controversy as to the safety if this procedure
in patients with complicated appendicitis as well as post-operative recovery and operative
time.

2. Guidelines for laparoscopic appendectomy
There are certain guidelines as laid down by the experts who are considered pioneers of
various laparoscopic procedures. These guidelines would help the beginners to follow so as
to avoid any undue stress and mistakes during the early phase of their training. These
guidelines are based on the existing data coupled with individual experiences formed into
consensus. These guidelines help the beginners to have a better understanding of the
procedure as to the proper selection of the patients, the indications of laparoscopic
appendectomy, various complications that might develop and thus to select the most
appropriate operative procedure under a given situation. The best guidelines in this regard
are provided by the society of American Gastro-intestinal and Endoscopic Surgeons
(SAGES). A similar guideline focussing on diagnosis and treatment of acute appendicitis is
provided by SSAT (Society for the surgery of alimentary tract).

3. Verities of laparoscopic appendectomy
The laparoscopic appendectomy is divided into two basic approaches as under
1.
2.

Intra-corporeal Laparoscopic appendectomy
Extra-Corporeal appendectomy.

The intra-corporeal variety involves the creation of pneumo-peritoneum by a 10mm supraumbilical port followed by the insertion two 5mm working ports well outside the midline. A
thorough inspection of the abdominal cavity is followed by identification, skeletinization
and removal of the appendix after ligation/clipping of the meso-appendix intra-corporeally.
This approach is adopted and practiced at a number of centres and is gradually gaining
reputation as a good alternative to the open appendectomy.
The extra-corporeal video assisted appendectomy is another type of laparoscopic
appendectomy which involves the initial steps of intracorporeal appendectomy up till creation
of pneumo-peritoneum, identification and skeletinization of appendix same as in the case of
intra-corporeal appendectomy. The following steps differ in that the appendix is brought out
on the surface through a 10 mm port in right iliac fossa and then further steps are just the same
as in open appendectomy. This technique usually involves 2-3 ports (Konstadoulakis MM et al
2004) but a number of studies have recently published using the same technique with a single
peri-umbilical port (Koontz CS et al 2006). The author compared video-assisted extra-corporeal
appendectomy with conventional open appendectomy believing that this method has an
advantage over open appendectomy of having less chances of diagnostic error as well as it has
the advantages of open appendectomy of feeling the appendix, ligating the appendix
manually outside on the surface . This has an additional advantage of having a secure ligation

www.intechopen.com

6

Advances in Laparoscopic Surgery

of meso- appendix to avoid cystic arterial bleeding. Before displaying the results of the study, a
brief introduction to the basic technique of video-assisted extra-corporeal appendectomy
(VAECA) is given below.
3.1 Technique of video-assisted laparoscopic appendectomy ( Malik et al 2009 )
This is a modified form of laparoscopic appendectomy where we combine the steps of both
open and inta-corporeal techniques of appendectomy. The surgeon stands on left side of the
supine patient. A 10 mm sub-umbilical port is made for the camera while another 10 mm
port is made in the right iliac fossa. Both of these ports can be interchanged for camera as
and when needed. The identification and skeletinization of the appendix is much easier
because of video-scopic vision where surgeon can actually visualize if there are any
adhesions and a finger guided adhesiolysis can be done under vision. Once the appendix is
identified and isolated, a grasper is introduced to get hold of the organ and the abdominal
cavity is deflated and appendix is drawn on the surface. The remaining steps are just as the
way we perform open appendectomy. Once the meso-appendix is ligated and appendix
removed, the appendicular stump is returned back and ports are closed after a final look
inside the abdominal cavity.Some of the steps of this procedure are highlighted below by
the following operative pictures

Fig. 1. Appendix drawn into sheath of 10mm trocar
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Fig. 2. Appendix drawn out on surface and meson-appendix legated.
3.2 Authors study
Author conducted a study in 2009 comparing the open appendectomy (OA) versus Video
assisted extra-corporeal appendectomy (VAECA) wherein a total number of 283 patients of
acute appendicitis were split into two groups. We explained this newly emerging technique
as well as the conventional appendectomy to all the patients as and when they were
diagnosed. The intended operative techniques were fully explained to the patients in terms
of merits and demerits of the operative technique. The grouping of the patients was based
on their own choice and by coin toss when patients did not show any preference for any
particular technique. Of the total number, 150(53%) were operated by open Technique while
133(47%) by video-assisted extracorporeal technique of appendectomy. Majority of patients
(89%) in the VAECA group were operated by three port technique while few (11%) could be
successfully completed by two ports only. All patients below 10 years and those with
suspected appendicular mass were excluded from the study. This was an initial study on the
video assisted technique and we had promising results to conclude that VAECA could be a
better alternate to open appendectomy in a majority of patients with acute appendicitis
without complications. Some of the results are shown below showing comparison of the two
techniques.
The results in our study were very promising in terms of safety, reliability and feasibility.
The major advantages that we could conclude was fewer wound infections, less severe post-
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operative pain, better cosmesis, shorter operative time and early recovery. It was also
compared in terms of cost as we found out that there is reasonable reduction in the total cost
of operation in VAECA group because we ligated the mesoappendix and appendicular
stump by a suture in place of metal clips usually applied in intracorporeal technique of
laparoscopic appendectomy. The magnificent telescopic vision of whole abdomen makes
identification and dissection of inflamed appendix reasonably easier compared to open
appendectomy. It is claimed that VAECA combines safety and efficiency of both
intracorporeal laparoscopic appendectomy and conventional open appendectomy (
Valioulis I et al 2001 ). Any associated pathology can also be identified by using video
assisted technique and this is of particular significance when diagnosis of acute appendicitis
is doubtful (Mayer A et al 2004). The lowered rate of wound sepsis in our study are because
of least contact of infected appendix with the surrounding walls of the port as it is fully
drawn into the sheath of the trocar before its retrieval. This is contrary to the belief of Suttie
SA and Seth S who claim an increased rate of wound infection in video-assisted extracorporeal appendectomy compared to conventional open appendectomy (Suttie SA and
Seth S 2004). Author continued the same study and a total number of the study subjects has
reached to 1700 of which only 625(36.76%) gave consent for open appendectomy while
remaining (63.23%, n=1075) patients were willing for video-assisted laparoscopic
appendectomy. This clearly shows that the results of video-assisted laparoscopic
appendectomy are more acceptable to the patients. There was a gross difference in the total
operative time compared to the open conventional appendectomy as well as intra-corporeal
appendectomy. The diagnostic error as well as confirmation of the diagnosis is more reliable
in the video-assisted extra-corporeal appendectomy. The total cost is reduced in VAECA
due to use of suture in place of clips and reduced operative time also adds reducing the cost
of operation. Post-operative complications are reasonably less in VAECA compared to other
two techniques of appendectomy. Author is convinced that video-assisted approach of
laparoscopic appendectomy is a better alternative procedure that can be effective when
there is simple acute appendicitis without mass formation or many adhesions. Further
RCT’s on this technique of VAECA can help establishing this technique as a better alternate
in un-complicated patients of acute appendicitis and more so in young adult females where
the diagnosis of acute appendicitis cannot be established with certainty.

Type of operation
(n = 283)

Operative time:
 Up to 30 minutes
 31-60 minutes
 61-90 minutes
 Over 90 minutes

OA
n (%)

VAECA
n (%)

14(9.3%)
99(66.0%)
31(20.7%)
6(4.0%)

95(71.4%)
33(24.8%)
3(2.3%)
2(1.5%)

*P value is <0.001 for all groups and is statistically highly significant
N= Number of the patients

Table 1. Comparison of mean operative time in both groups.
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Type of operation
(n = 283)
OA
VAECA
n
n (%)
(%)
Operative problems:
 Bleeding from appendicular artery
 Perforation of appendix during mobilization
 Lengthening of incision
 Minor trauma to neighboring structures
 Difficulty in mobilization
 Difficulty in localization of appendix

3(2.0%)
6(4.0%)
32(21.3%)
2(1.3%)
17(11.3%)
19(12.7%)

P-Value

7(5.3%)
9(6.8%)
4(3.0%)
5(3.8%)
23(17.3%)
7(5.3%)

*<
0.001

* P value is statistically highly significant for all groups
N= Number of patients

Table 2. Comparison of operative complications in both groups
Type of operation
(n = 283)
P value

Minor wound /port infection
Partial wound dehiscence
Wound/port bleeding
Respiratory tract infection
Residual abscess

OA
n (%)

VAECA
n (%)

13(8.7%)
9(6.0%)
3(2.0%)
13(8.7%)
5(3.3%)

7(5.3%)
0
5(3.8%)
7(5.3%)
2(1.5%)

< 0.01*

* P value is statistically significant
N= Number of patients

Table 3. Postoperative complications
Type of operation
(n = 283)

1-2 days
3-4 days
5-6 days

OA
n (%)

VAECA
n (%)

66(44.0%)
42(28.0%)
42(28.0%)

128(96.2%)
1(0.8%)
4 (3.0%)

* P value is statistically highly significant
N= Number of patients

Table 4. Hospital stays in both groups
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4. Recent advances in laparoscopic appendectomy
During the last few years there has been a dramatic improvement in the techniques of
gaining access to the abdominal cavity minimizing the number of ports to a single incision
in order to improve the cosmetic results. A number of techniques such as single incision
laparoscopic surgery (SILS) and natural orifice transluminal surgery(NOTES) are introduced
to improve the outcome of minimal access surgery and to make it still further less traumatic
to the patients. The same advancements also apply to the laparoscopic appendectomy to
make it more and less traumatic by way of reducing the number of ports. Initially both intrcorporeal and extra-corporeal techniques were performed by two to three ports. Recently a
single incision, multi-luminal port appendectomy is introduced. The safety and efficacy of
these newer techniques is yet to be established as there are no Randomized control studies
to claim their benefits over multi port laparoscopic appendectomy (Rehman H 2011).
Roberts KE(2009) described a true single port appendectomy (TSPA) by a new technique
which he describes as “puppeteer technique” using single port and a pully of thread pulling
the appendix. He claims this technique to be first of its kind which reduces the minimal
access surgery to a further minimum level. Ates et al 2007 described a similar single port
technique successfully and claim that this single port technique further makes minimally
invasive surgery a better and safe option with minimal tissue trauma. Natural orifice
transluminal endoscopic surgery (NOTES) is the most recent advancement in laparoscopic
surgery. A cadaveric model appendectomy using NOTES technique by Santos BF et al 2011
via anterior transrectal route is found to be feasible ,time saving and easier to perform
compared to posterior rectal approach. Eung Jin Shin et al 2010 reported transvaginal
appendectomy using NOTES indicating many limitations to its use in human
beings.Although there has been a tremendous improvement and advancement in minimally
invasive surgical techniques to improve the outcome of different surgical procedures in
terms of cosmetic results and cost effectiveness but the final word about there efficacy and
effectiveness is yet to be established.
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