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Background: Although many studies have demonstrated the feasibility of single-incision laparoscopic (SILS) appendectomy, this
procedure has notbecome routine. In part this maybe due to the perception that SILSappendectomy has additional resource requirements
compared to conventional laparoscopic appendectomy in terms of personnel, time and equipment.

Objectives: The purpose of this prospective study was to assess the feasibility of a UK trainee performing routine SILS appendectomy with
standard equipment.

Patients and Methods: Prospective analysis of all consecutive adults who underwent laparoscopy for presumed appendicitis was
performed. Cases were performed either by a senior trainee who exclusively performed SILS appendectomy on all patients using standard
laparoscopic equipment, or other senior or junior trainees performing a conventional three-port laparoscopic appendectomy.

Results: Seventeen patients had SILS operations: 15 appendectomies, one resection of inflamed Meckel’s diverticulum and one
appendectomy with oophorectomy:. SILS was successfully completed in 14 cases whilst in three cases one extra port was added. Comparison
of the 15 SILS operations that involved an appendectomy only with consecutive cohorts of three-port appendectomies performed by junior
and senior trainees showed no significant difference in complications or length of hospital stay. There was no significant difference in
operating time between SILS and junior trainee (P = 0.54), however the senior trainees had a significantly reduced operating time as
compared to both SILS and junior trainee groups (P=0.01).

Conclusions: SILS appendectomy can be successfully performed by trainees on all-comers with comparable resource utilisation and

clinical outcomes to those achieved by junior trainees performing a conventional three-port laparoscopic approach.
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1. Background

Appendectomy is one of the most common emergen-
cy operations performed worldwide (1). The benefits of
laparoscopic as compared to open appendectomy in
reducing surgical trauma and aiding post-operative re-
covery have been demonstrated in a number of studies
(2). Single incision laparoscopic surgery (SILS) is a further
innovation allowing minimal access surgery to be per-
formed through a single umbilical incision; it has been
described as virtually “scarless” due to the healed scar be-
ing concealed within the umbilicus (3). Apart from cos-
metic advantages, the SILS technique potentially further
reduces the trauma of surgical access, which has theo-
retical advantages for the incidence of wound complica-
tions, postoperative pain and recovery time as compared
with conventional laparoscopic surgery (4).

Although the technical feasibility and patient satisfac-

tion with SILS appendectomy over conventional laparos-
copy has been well documented (4-6), this technique has
not to date been routinely adopted in widespread clinical
practice in the UK. Part of the reason for this reluctance
may lie in the perceived technical difficulty of single-port
surgery, largely due to the loss of three-port triangulation.
In addition, the majority of descriptions of SILS procedures
utilise specialised and expensive ports and roticulated in-
struments (7). Moreover with specific reference to United
Kingdom practice, previous audits have demonstrated
that appendectomy is typically performed by trainees
without direct consultant supervision (1). Given the per-
ceived technical difficulty associated with SILS, there may
be areluctance to allow trainees to undertake these proce-
dures without direct supervision. In an attempt to develop
our SILS service, we instituted a policy of allowing suitably
trained surgical trainees to undertake appendectomies us-
ing a cost-effective SILS technique.

Implication for health policy/practice/research/medical education:

Single-Incision Laparoscopic Surgery (SILS) appendectomy is a feasible and practical alternative to three port laparoscopic appendectomy. SILS appen-
dectomy can be performed by a trainee with similar clinical outcomes and resource utilisation, in terms of cost and time, to those of junior trainees

performing conventional three port laparoscopic appendectomy.
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2. Objectives

The purpose of this prospective study was to assess the
feasibility of a single trainee performing routine SILS
appendectomy on all adults with the clinical diagnosis
of appendicitis, using standard laparoscopic ports and
instruments, and to prospectively compare the clinical
outcomes with those of a consecutive cohort of patients
undergoing conventional three-port laparoscopic appen-
dectomy.

3. Patients and Methods

This study was conducted in the Queen Alexandra Hos-
pital, Portsmouth, (from July - September 2010) and the
Royal Hampshire County Hospital, Winchester (from Oc-
tober-December 2010). In both institutions, all adult pa-
tients with suspected appendicitis were reviewed by the
admitting consultant and in cases where the decision
was made to perform surgery the patient was placed
on a dedicated daily emergency list. The emergency list
was staffed by a rostered duty surgical registrar togeth-
er with a supervising consultant. Whilst the consultant
was expected to be present within the theatre complex
for all cases, the consultant was not expected to directly
supervise the registrar for simple cases including rou-
tine appendectomies. It should be noted that prior to
this study the default surgical approach in both institu-
tions was to attempt a laparoscopic three-port appen-
dectomy in adult patients.

3.1. Surgical Technique

3.1.1. Conventional Three-Port Laparoscopic Appen-
dectomy (LA)

Using a Hasson technique to access the peritoneum, a
12 mm blunt laparoscopic port is inserted in the infra-
umbilical position. Two additional 5 mm laparoscopic
ports are inserted in the suprapubic and left iliac fossa
positions under direct vision. Using standard laparo-
scopic equipment, the appendix is mobilized. A win-
dow is created in the mesoappendix adjacent to the
appendix base. The mesoappendix is divided using
monopolar diathermy; the appendix base ligated using
two Endoloop ligatures (Covidien) and the appendix
then divided between the two ligatures and removed
through the 12 mm port with the aid of a retrieval bag
(Espiner standard E-sac).

3.1.2. Single-Incision Laparoscopic Surgery Appen-
dectomy Technique

Having everted the umbilicus, a transverse trans-um-
bilical skin incision is made and the umbilical stalk el-
evated with a Kochers forceps. The junction between the
umbilical stalk and the linea alba is identified and a 1.5
cm micro-laparotomy performed under direct vision.

A small wound protector (Alexis®, Applied Medical) is
then inserted into the peritoneal cavity. A glove is pre-
pared with three of the finger tips cut and three 5 mm
ports inserted into the fingers of the glove and secured
with 0 vicryl ties. The glove is then attached to the outer
ring of the wound protector and a pneumoperitoneum
established. A 30-degree 5 mm telescope and standard
straight instruments are introduced into the perito-
neal cavity; in this series placement of instruments was
crossed-over, although the method allows parallel posi-
tioning of instruments as the glove can be rotated and|/
or instruments placed into alternative glove fingers. Af-
ter a diagnostic laparoscopy, the appendix is mobilised
in a standard fashion; the mesoappendix divided using
monopolar diathermy and the base of the appendix li-
gated typically with two Endoloop ligatures (Covidien).
In cases of technical difficulty an additional supra-pu-
bic 5-mm port may be inserted. Appendectomy is then
performed by cutting between the two ligatures using
laparoscopic scissors and the appendix removed via the
Alexis wound protector and placed in one of the empty
fingers of the glove. The wound protector is removed
and the fascial defect closed with interrupted 1 ethibond
sutures with 4-0 Monocryl (Ethicon) for skin. It should
be noted that in cases where gynaecological pathology
such as pelvic inflammatory disease was noted, in cases
of sigmoid diverticulitis and in cases where no abnor-
mality was found, routine prophylactic appendectomy
was undertaken. All resected specimens were sent to the
laboratory for routine pathological analysis. Based on
a combination of operative and histological findings a
diagnosis of simple or complex (perforated appendix or
the presence of an intra-abdominal abscess) appendici-
tis was made.

3.2. Case Selection

A single ST 7-level upper gastrointestinal surgical train-
ee (OK) was taught the technique for performing SILS
appendectomy as described above by a national laparo-
scopic colorectal trainer (AP). After being assessed and
certified as competent by this trainer, over a six month
period between July 2010- December 2010, all adults
placed on the theatre list for diagnostic laparoscopy for
presumed appendicitis when this trainee was the ros-
tered emergency theatre surgeon were listed for SILS ap-
pendectomy. All these patients were approached prior
to surgery and underwent a fully informed consent for
the SILS approach. It should be noted that during the pe-
riod of the study, all patients approached consented to
SILS appendectomy and this trainee did not perform any
open appendectomies or conventional three-port lapa-
roscopic appendectomies: SILS represented the totality
of practice for this trainee for cases of suspected appen-
dicitis. Moreover, as with all appendectomies performed
at each of these institutions, a supervising consultant at-
tended only at the request of the trainee.
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3.3. Analysis

The demographic and clinical details of the consecu-
tive cohort of patients undergoing SILS appendectomy
were prospectively recorded on an Excel spreadsheet. In
addition the data for all of the conventional three-port
laparoscopic appendectomies performed in July 2010
at Queen Alexandra Hospital were also prospectively re-
corded. For analysis, we divided operating surgeons for
these conventional laparoscopic cases into junior train-
ees (defined as ST1-6 or equivalent) or senior trainees
(defined as ST7-8 or equivalent), in order to take into ac-
count the learning curve for this operation. It should be
noted that during the period no consultant performed
an appendectomy as the primary surgeon. Statistical
analysis was performed using SPSS PC version 14.0 (SPSS
Inc., Chicago, IL). Continuous data from the SILS appen-
dectomy and conventional groups were expressed as
mean + standard error where appropriate. Inter-group
comparisons for continuous variables were made using
ANOVA or Kruskal-Wallis and two-tailed Chi-square tests
or (in cases where the expected incidence of an outcome
measure was less than 5) Fisher’s exact tests were used
for categorical variables. Significance was defined as P
value < 0.05.

4. Results

4.1. Single-Incision Laparoscopic Surgery Cases

Over the six month period a total of 17 patients were

listed for SILS appendectomy. Of these, seven were male
and the mean age was 32 years. Four of the patients were
clinically obese (BMI > 30) and one morbidly obese (BMI
of 47). Of the 17 cases, the diagnoses noted at laparoscopy
are summarised in Table 1.
Appendectomy was undertaken in 16 cases including one
case where a concomitant oophorectomy was also per-
formed. In one case resection of small bowel containing
an inflamed Meckel’s diverticulum was performed. The
appendix base was secured using endoloops in 15 cases
and laparoscopic suture in one.

Adverse events are summarized in Table 2. Conversions
from SILS approach to a two port approach occurred in
three cases: in one case where an oophorectomy was also
undertaken and in two cases of complex appendicitis in
order to leave an intra-abdominal drain. There were no
conversions to an open procedure.

Consultant involvement was required in three cases: in
two cases of complex appendicitis where the consultant
was able to complete the case SILS; and in one case where
an oophorectomy was also undertaken. There were two
post-operative morbidities following SILS appendectomy
for complex appendicitis. In one case the patient had a
post-operative chest infection requiring intravenous an-
tibiotic therapy and resulting in a delayed discharge; in
the other a patient was readmitted with a pelvic collec-
tion requiring percutaneous drainage.
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4.2. Comparison of Single-Incision Laparoscopic

and Conventional Laparoscopic Appendectomy

Comparison of the 15 SILS operations that involved an
appendectomy only with consecutive cohorts of con-
ventional three port laparoscopic appendectomies per-
formed by senior and junior trainees are summarised
in Table 3. There were no post-operative complications
for the junior trainees, for the senior trainees there were
two pelvic collections and one stump blowout, which
required re-operation. There was no significant differ-
ence in the length of hospital stay between groups. With
regard to operating time there was no significant differ-
ence between SILS and junior trainees (P = 0.54); however

Table 1. Demographic and Operative Data of 17 Single-Incision
Laparoscopic Surgery Patients

Demographic Number
Gender
Male 7
Female 10
Mean Age,y 32
Diagnosis at Operation
Simple appendicitis 5
Complex appendicitis 6
Pelvic inflammatory disease 3
Meckel’s diverticulum 1
Sigmoid diverticulitis 1
Torted ovarian cyst 1
Procedure at Operation
Appendectomy 15
Small bowel resection 1
Salpingo-oophorectomy and appendectomy 1

Table 2. Need for Consultant Involvement, Conversions to
2-Port Approach and Complications by Diagnosis in Single-
Incision Laparoscopic Cases

Adverse Event Simple ‘Ap- Complex ‘Ap-  Other Diag-
pendicitis’ pendicitis’ nosis
Consultant in- 0 2 1
volvement
Conversion to 0] 2 1
two-port proce-
dure
Post-operative
complications
Chest infection 0 1 0
Pelvic collection 0] 1 0]
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Table 3. Comparison Between SILS Appendectomy and Three Port Laparoscopic Appendectomy (LA) by Senior and Junior Trainees @

Operative Variable SILS Appendectomy LA by Senior Trainee LA by Junior Trainee
Number of cases 15 16 14

Mean operating time, minutes + SE 77.416.6 553+4.7 76.21+6.8
Conversion to open 0 0 1

Need for re-operation 0 1 0
Post-operative complications 2 3 0

Mean length of hospital stay, days + SE 173+ 0.23 175+ 0.4 2,58+ 0.5
Emergency readmission within 30 days of 1 3 0
discharge

4 abbreviations: SILS, Single-Incision Laparoscopic Surgery; LA, conventional three-port laparoscopic appendectomy; SE, standard error.

senior trainees had a significantly reduced operating
time as compared to the SILS and junior trainee groups
(P=o0.01).

Based on the methods described above, equipment for
our SILS appendectomy costs on average £6 more than for
conventional laparoscopic appendectomy; included in
this calculation is the fact that the SILS method requires
a wound protector but is performed without use of a re-
trieval sac.

5. Discussion

This study suggests that the implementation of a cost
effective approach for routine SILS appendectomy for
all-comers is both safe and feasible. It must be noted that
this series included all patients considered candidates
for a conventional laparoscopic appendectomy, unlike
other studies which have excluded complex cases of ap-
pendicitis (3, 8). Moreover no SILS cases were converted to
open surgery even though a variety of diagnoses, includ-
ing Meckel's diverticulitis and torted ovarian cyst, were
encountered and treated.

There were few complications in our series. The expect-
ed incidence of complications in both open and minimal-
ly invasive appendectomy is low, however, so our cohort
size is too small to appreciate potential subtle differences
in complication rate between SILS and conventional
laparoscopic appendectomy; such complications might
affect the overall cost of employing either method as a de-
fault approach to all-comers. A recent study comparing
579 cases of SILS ‘video-assisted appendectomy’ with sim-
ilar numbers of conventional laparoscopic and open ap-
pendectomy also reported low overall complication rates
(9). In this large series, there was no difference between
rates of complication in conventional laparoscopic and
SILS appendectomy, but a higher rate of wound infection
was found in open appendectomy compared to SILS ap-
pendectomy (6.9% vs. 2.4%). This evidence supports the
notion that SILS appendectomy is a safe alternative to
three-port laparoscopic appendectomy.

In addition to safety, an important aspect of our study
was the need to demonstrate that SILS appendectomy

could be performed within the resource constraints of
the NHS. This entails a number of factors: the equipment
must be cheap; and the operating time and the person-
nel required must be comparable to that of conventional
laparoscopy. In terms of equipment, we used a wound re-
tractor and surgical glove, a technique that has been suc-
cessfully used in other centres (3). This method allows the
potential insertion of up to five instruments, and each in-
strument has a wide axis of possible movement.

With respect to operating time, our mean SILS appen-
dectomy operating time was 77 minutes. Arecent system-
atic review of the literature found that reported operat-
ing times for single-incision appendectomy are highly
variable (10). Closer analysis reveals that many of the so-
called SILS series actually employ a laparoscopic-assisted
method of extracorporeal appendectomy, in which the
laparoscope is used to locate the appendix, which is then
delivered through the same port and divided outside of
the abdomen. This single-incision laparoscopic-assisted
method differs significantly from ours, in which the en-
tire operation is performed intracorporeally. The single-
incision laparoscopic-assisted technique has mainly been
performed in children (11) and it is questionable whether
this technique is practical for the larger abdomens of
adults, particularly the morbidly obese who make up a
substantial portion of our practice. It has also been sug-
gested that exteriorisation of the inflamed appendix may
increase the rate of wound infections (10). Our mean op-
erative time is comparable to that of other studies of true
SILS appendectomy in adults (12-14) and is also compa-
rable with the time taken in this study for conventional
laparoscopic appendectomy by a junior trainee; it is
significantly longer, however, than the mean time taken
by a senior trainee to perform a three-port laparoscopic
appendectomy. The concept of a learning curve is widely
accepted for laparoscopic appendectomy, with decreases
in mean operating time shown after approximately 20-30
cases (15, 16). It is likely that a learning curve also exists in
SILS and as such our SILS trainee’s mean operative time
may be expected to reduce over time.

Finally with respect to the personnel performing sur-
gery, the majority of published series on SILS appendec-
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tomy were performed by expert consultant surgeons (6,
7,17). In the UK, however, appendectomy is typically per-
formed by unsupervised trainees and this is one of the
first studies to demonstrate the feasibility of an unsuper-
vised trainee safely performing SILS appendectomy.

We acknowledge that there are some weaknesses in this
study. For a start we accept that our cohort size, whilst
comparable to previous studies, is relatively small. In ad-
dition, we accept that by analysing the results of a single
senior trainee, these results may not necessarily be gen-
eralisable. With respect to the comparative data, this was
not a randomised-controlled trial, although the prospec-
tive nature of the study and the lack of selection bias add
weight to the validity of our findings. In conclusion, this
paper provides evidence that SILS appendectomy may
be feasible on all-comers with comparable clinical out-
comes and resource consumption as compared with con-
ventional three-port laparoscopic appendectomy.
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