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Abstract

Purpose: Conventional Laparoscopic Cholecystectomy (CLC) is the “gold standard” approach for patients with gallstones. Single-incision Laparoscopic
Cholecystectomy (SILC) was an alternative technique, purportedly offering several postoperative benefits over CLC. Studies comparing short-term postoperative
outcomes of SILC versus CLC have yielded conflicting results. Our paper aims to compare the long-term postoperative outcomes of patients undergoing SILC and CLC
with a minimum follow up of seven years.

Methods: A comparative retrospective study between SILC and CLC was conducted among 118 patients undergoing cholecystectomy from October 2008 to December
2010 (SILC=67/CLC=61). An initial retrospective chart review was performed. We later surveyed the patients who had undergone cholecystectomy by telephone interview
at a mean(sd) of 4(0.75) years, and at 8(0.75) years. Postoperative outcomes were evaluated.

Results: No significant difference between SILC and CLC groups for daily pain scores (p = 0.45 and 0.97, for day 1 and 2, respectively), daily narcotic requirements (p
=0.09 and 0.85, for day 1 and 2, respectively), and time to return to normal activity (p = 0.11). The mean(sd) operative time was greater in SILC group [52(2.0) mins versus
36(2.3) mins; p <0.05]. There was a shorter mean(sd) length of stay postoperatively in the SILC group [2(0.11) days versus 3(0.32) days; p <0.05]. The SILC group had a
higher median(sd) cosmetic satisfaction score (IQR) than the CLC group at both the intermediate-term [10(10) versus 9(8 to10); p <0.05] and long-term [10(10) versus
9(9to10); p <0.05] follow up.

Conclusion: SILC is associated with higher patient cosmetic satisfaction than CLC. However, the procedure is more technically challenging and associated with
increased operating time and costs. The marginal cosmetic benefit at the expense of increased operative time and economic costs will likely mean that the choice of
procedure will be largely patient rather than physician driven.

Laparoscopic Cholecystectomy (CLC) is performed by making
several tiny incisions in the abdomen (Usually 4), allowing for
the insertion of operating ports through which laparoscopic

Introduction

The incidence of benign gallbladder disease has increased

by more than 20% over the last four decades and affects
over 15% of the adult population in the western world [1,2].
Laparoscopic cholecystectomy has been the “gold standard”
approach for removal of the gallbladder. Conventional

instruments can be introduced intra-abdominally. However,
CLC has been associated with a wound infection rate of 1.3 to
3.5% and postoperative incisional site pain [3,4]. Surgeons
have attempted to reduce the size, and/or number of incisions
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[4-7], in order to reduce wound infection rate and pain, and
concurrently improve cosmesis [8].

In 1997, Navarra, et al. [6], performed the first SILC.
This was achieved through a single incision at the umbilicus,
thereby leaving a barely perceptible scar after the operation
[9]. Numerous studies have shown that SILC offers better
cosmesis, reduced postoperative pain, lesser complications
and faster recovery time compared to CLC [4,10-12]. However,
SILC has not gained widespread acceptance due to increased
operative time (57.8mins versus 35.2mins), technical difficulty,
minimal cosmetic benefit and analgesia benefit, and increased
incisional hernia rates (13.3% versus 4.7%) [4,7,9,10,13-19].
The limitations of these studies were that the comparisons
of postoperative outcomes between SILC and CLC were in the
immediate postoperative period. These studies have yielded
conflicting results and are thus inconclusive.

A more accurate approach would be to evaluate long-
term outcomes, when the opportunity for improvements in
the physical function, physical role, general health, and body
pain are measurable; instead of focusing on each plausible
outcome separately [7]. Furthermore, the evaluation of long-
term cosmetic satisfaction is more credible compared to
immediate cosmetic satisfaction following the surgery, where
the incision has not been given sufficient time to fully heal
[16]. Sato, et al. [20], have suggested that “studies of SILC
performed by experienced surgeons with longer term follow
up are necessary to determine the exact complication rate and
profile.” Therefore, the aim of this study was to compare the
long-term postoperative outcomes of patients undergoing
SILC to a matched cohort of patients undergoing CLC with a
minimum follow up of seven years.

Methods
Study design

This comparative retrospective study was conducted at the
Department of Surgery, Bon Secours Hospital to evaluate long-
term postoperative outcomes of SILC versus CLC, between
October 2008 and December 2010, in patients presenting with
symptomatic gallbladder disease. The study was conducted
according to the principles of the Declaration of Helsinki and
was approved by the ethical committee of Bons Secours Health
System in Ireland.

Participants and data collection

Patients undergoing both elective and emergency
cholecystectomy were included in the study. Exclusion criteria
were: (a) previous multiple laparotomies, and/or (b) severe
acute cholecystitis/empyema. Written informed consent was
obtained from all the patients. Patients who had undergone
SILC were also made aware that the conversion to CLC might
be required if intraoperative difficulties were encountered.

Patients’ cosmetic satisfaction with the appearance of their
scar(s) was assessed utilizing a standard Likert scoring system.
Patients graded satisfaction on a scale of 1 to 10, with a higher
score representing a greater satisfaction with the cosmetic
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result. Pain assessment of the port sites was assessed using
a Visual Analog Scale (VAS). Patients placed a mark along a
10-cm vertical line, which denotes the severity of their pain,
where “no pain” and “worst imaginable pain” were placed at
the bottom and top of the line, respectively.

Short-term outcomes following the surgery were assessed
during the hospital visit. A retrospective chart review was
performed. Data on operative time, conversion rate, morbidity,
analgesia requirements, postoperative pain score and duration
of hospital stay was collected and analyzed. Patients were
subsequently contacted by phone at 4(0.7) years after their
procedures, to establish whether there was residual discomfort
or any other previously undocumented complications remote
from surgery. Enquiry was also made regarding time to
return to normal activity and cosmetic satisfaction. These
parameters were subsequently re-evaluated at 8(0.7) years
after their procedures. This study is the longest follow-up for
a comparative series of postoperative outcomes of SILC versus
CLC reported in the literature.

Surgical access

All procedures were performed under general anesthesia.
Antibiotics were prescribed only when intraperitoneal
spillage of gallbladder contents occurred during laparoscopic
cholecystectomy. Intraoperative analgesia included 6 mg of
intravenous morphine with 75 mg of intramuscular diclofenac
sodium, and 1g of intravenous paracetamol. Occasionally, 5mg
of intravenous cyclomorphine was required in the recovery
ward.

Conventional laparoscopic cholecystectomy

Under general anesthesia, the patient was placed in a
supine position. After the patient was prepped and draped,
pneumoperitoneum was created under direct vision by using
a Hasson open technique 1 cm above the umbilicus (Figure 1a).
An Ethicon 5-11 mm port was introduced, and a 12-15mmHg
pneumoperitoneum was created. A 10 mm Laparoscopic Endo-
eye (Olympus, Germany, WA50012A) was inserted through
the port. After inspecting the abdomen, another three trocars
were inserted under direct vision: (a) 12 mm port in the high
epigastric region, (b) 5mm trocar at mid-axillary line halfway
between the right costal margin and anterior superior iliac
spine, and (c) 5mm port at the right midclavicular line just
below the liver’s edge (Figure 1a). The gallbladder was dissected
and placed in an endoscopic retrieval bag (Purple Surgical
international limited, England) and removed via the epigastric
incision. A PDS Ethicon (2/0) suture was utilized to close the
fascia, and the skin was closed using Monocryl Ethicon (4/0)
suture.

Single-Incision laparoscopic cholecystectomy

The patient was placed in a modified Lloyd-Davies position.
The umbilicus was grasped at its base and everted utilizing two
Littlewood forceps. A 1.5 cm skin incision was made within
the umbilical fold (Figure 1b). A SILC port (Covedien, USA)
was lubricated and introduced into the incision site and a 12-
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Figure 1: Schematic representation of placement of ports for.
1. CLC (Left image).
2. SILC (Right image).

15mmHg pneumoperitoneum was created. A 5 mm Laparoscopic
Endo-eye (Olympus, Germany, PI-0002229) and two trocars
were placed through the SILC port. The patient was tilted to
the left side and the gallbladder was sutured to the anterior
abdominal wall by passing the suture through its fundus. The
gallbladder was dissected in the standard fashion, placed in an
endoscopic retrieval bag (Purple Surgical international limited,
England), and removed via the central port site. A PDS Ethicon
(2/0) suture was used to close the fascia, and the skin was
closed using Monocryl Ethicon (4/0) suture.

Statistical analysis

Quantitative analysis, including mean + Standard Deviation
(SD) with 95% confidence intervals, median and Interquartile
Range (IQR), was performed for the postoperative outcomes
of patients in the SILC and CLC groups. The Student’s t test,
including the Degrees of Freedom (df), were used to compare
the means of both groups; whilst the Mann-Whitney U test
was used to compare the medians of both groups (Where o =
0.05 is statistically significant). Non-parametric measure of
the strength and direction of association that exists between
age and cosmetic score was examined using Spearman’s
correlation (r2). Learning curves were evaluated by the moving
average method and cumulative sum (CUSUM) technique [21].
All statistical analyses were conducted using SPSS statistical
software (version 17.0; SPSS, Inc., Chicago, IL, USA).
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of SILC operation in 2009 was not significantly different
compared to 2010 [51.4(19.7) mins versus 52.5(11.0) mins; p=
£4.28]. The mean(sd) duration of CLC operation for the first 9
cases was significantly different compared to the next 52 cases
[65(28) mins versus 31.2(9) mins; p <0.05.

Patient demographics and clinical characteristics

Patient demographics are shown in Table 1. The proportion
of female patients in the CLC and SILC groups were 80% and
89% respectively. There was no significant difference between
the two groups of patients for sex (p = 0.11). The mean(sd)
Body Mass Index (BMI) was higher in the CLC group [28(6)
kg/m> versus 25(6) kg/m?; p<0.05, 95% CI (1.465, 5.699)]. The
mean(sd) age of the CLC group was also higher [53(12.9) years
versus 45(12.0) years; p <0.05, 95% CI (3.636, 12.882)].

Clinical characteristics are presented in Tables 2,3 3. 21% of
patients in the CLC group had acute cholecystitis compared to
12% of patients in the SILC. This difference was not statically
significant [p = 0.4; p = 0.39, 95% CI (-0.30, 0.12)] (Table 2).
The mean(sd) length of postoperative stay in the CLC group
was higher [3(0.32) days versus 2(0.11) days; p <0.05, 95%
CI (0.14, 1.858)] (Table 2). However, the mean(sd) procedure
duration was longer for the SILC group [52(2.3) mins versus
35(2.0) mins; p <0.05, 95% CI (-17.788, -16.212)] (Table 2).

The median postoperative pain score [IQR] between CLC
and SILC groups was similar at day 1 [7 (5.5 to 8) vs. 7 (7 to 8);
p =0.45] and day 2 [4 (3 to 7) vs. 4 (3 to 6); p =0.97] (Table 3).
Furthermore, no significant difference was observed between
CLC and SILC groups for median narcotic doses at both day 1
(1oomg vs omg; p = 0.09) and day 2 (100mg vs 100mg; p =
0.84), (Table 3).

Table 1: Patient demographics for CLC and SILC groups.

VELEL S CLC SILC
n=61 95 % [ClI] n=57 95%[CI] p-value
Sex (Female) 49 51 0.11
Mean Age + SD (years) 53+12.9 [49.67, 56.33] 45+12 [35.5,54] 0.01
Mean BMI + SD 2846 [26.8, 29.8] 25%6 [2326]  0.01

(kg/m?)

CLC: conventional laparoscopic cholecystectomy; SILC: Single-Incision
Laparoscopic Cholecystectomy

Results

A total of 118 patients were included in this study. There

K Table 2: Indication, Surgery duration and postoperative length of stay.
were 99 (83.9%) female and 19 (16.1%) male patients. The

i . cLc sILC
mean(sd) age of the patients in the CLC group was 53(12.9)
years and of the SILC group was 45(12.0) years. 61(51.7%) n=61 95%Cl n=57  95%Cl  p-value
patients underwent CLC whilst 57(48.3%) patients underwent Surgery 48/13 5077 04

SILC. All procedures were performed between October 2008 (Elective/Emergency)

and December 2010. All CLC procedures were performed Mean Surgery 36+23 [31.60, 4079] 52¢2 [48.22,56.33] <0.05
between October 2008 and April 2009. All SILC procedures were duration

performed between July 2009 and December 2010. 10 patients £8.D (min)

(CLC=7/SILC=3) were lost to long-term follow-up. Mea:oL;_"o%h °f 31032 [282 413 24011 [2047,2.479] <0.05

stay + S.D (days)
CLC: conventional laparoscopic cholecystectomy; SILC: single-incision
laparoscopic cholecystectomy

A sub-analysis of the mean duration of operation in the
SILC and CLC group was conducted. The mean(sd) duration
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Learning curves

No significant complications occurred for both SILC and

CLC groups intraoperatively and no procedure required a .
laparotomy. However, two (3.5%) patients undergoing SILC o e
required the insertion of an additional 5 mm port due to N
technical difficulties. "1 | \
& wl |
Analysis of learning curves for operating times of both J . .

| 7 -
N S "resss Tsessssssnsss Tesssssssnssssnnnnn
|

procedures was performed using Cumulative Sum control chart
(CUSUM) and moving average method [21]. This was to assess
if either technique was associated with a change in procedure e v T
duration over time. o -

Figure 2 depicts the overall learning curve for CLC patients, Figure 2: CUSUM for the operative time of CLC.

showing one peak at the 9™ case. The mean surgery duration

in CLC for the first 9 cases [t(59) = 6.9, p<0.05, 95% CI (23.96, Table 4: Changes in operation time over the entire period of CLC procedure.
£43.3); Table 4]. The overall trend for surgery duration in CLC
calculated using the moving average method revealed an abrupt
decrease after the 9th case (Figure 3).

n=9 95 % [ClI] n =52 95 % [Cl] p-value

Mean Surgery 65+28 [33, 89.5] 31.2+9 [25, 35] <0.05

duration + S.D
On the other hand, the learning curve for overall SILC (min)
patients by one surgeon reveals no indication of a change in
the process mean [51.4(19.7) mins versus 52.5(11.0) mins; p =
£.28). This is further confirmed by the moving average method Moving Average
showing a stable trend for operative time in SILC [65(28) mins
versus 31.2(9) mins; p <0.05].

Cosmetic satisfaction

s
=
-
H
=

The mean(sd) age of SILC group is lower than the CLC group
[45(12.0) years versus 53(12.9) years; p=0.01] (Table 1). We
plotted age vs cosmetic scores at intermediate and long-term
follow up phases and examined the correlation coefficient of
the variables. At intermediate-term follow up at 4(0.75) years, . = ENI 0
neither CLC nor SILC patients showed significant correlation
between the score and age (r2 = 0.17, p = 0.17, and r2 = 0.01, p
= 0.92, for CLC and SILC groups, respectively). However, at the
long-term follow up phase at 8(0.75) years, only CLC patients
revealed significant but weak positive correlation between
their age and scores (r2 = 0.3, p <0.05, and r2 = 0.01, p = 0.95,

for CLC and SILC groups, respectively). 61 patients (100%) in the CLC group and 56 patients (98%)
in the SILC group were contactable at 4(0.75) years. There was
no significant difference in median (IQR) number of days to
return to work for CLC group compared to SILC group [14(14-

Actual  esForecast

Intermediate-term follow-up

Table 3: Postoperative pain scores and narcotic requirements Days 1-2.

g sl 21) days versus 14 (14-21) days; U = 1458.5; p = 0.11] (Table 5).

n=61 n=57 p-value However, the median cosmetic score (IQR) was higher for SILC

Median postoperative pain 7 (5.5t0 8) 7 (7t0 8) 0.45° group [10(10) versus 9(8-10); U = 752.5; p <0.05] (Table 6). One
score Day 1 (IQR) patient in the SILC group (1.7%) developed a trocar-site hernia

after two years from the operation (U = 1677.5; p = 0.29). No

Median postoperative pain 4 (3to7) 4 (3to 6) 0.97° o L
other complications were reported in either group.

score Day 2 (IQR)

Median narcotic dose (mg) 100 (0 to 100) 0 (0to 100) 0.09° Long-term follow-up
Day 1 (IQR)

Median narcotic dose (mg) 100 (0to100) 100 (O to 100) 0.84¢

54 patients (89%) in the CLC group and 54 patients (95%)
in the SILC group were contactable at 8(0.75) years following

Day 2 (IQR) surgery. The median cosmetic scores (IQR) was again higher
au (Mann-Whitney U test) = 1601.5; °U = 1733.5; U = 1418.5; U = 1674.6 for SILC group [10(10) versus 9(9-10); U = 971; p <0.05] (Table
CLC: Conventional Laparoscopic Cholecystectomy; SILC: Single-Incision 6). No other postoperative life threatening or permanently

Laparoscopic Cholecystectomy
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Table 5: Return to normal physical activities.
Follow-up period CcLC SILC p-value
n=>54 n=>54
Median (IQR) days 14 (14-21) 14 (14-21) 0.11

Table 6: Cosmetic satisfaction scores for intermediate- and long-term follow-up
periods.

Follow-up period CLC SILC p-value
n=>54 n=>54
Median Cosmetic 9(8to0 10) 10 (10) <0.05
satisfaction score (IQR)
intermediate-term
follow-up
Median Cosmetic 9 (9to 10) 10 (10) <0.05

satisfaction score (IQR)

long-term follow-up

CLC: Conventional Laparoscopic Cholecystectomy; SILC: Single-Incision
Laparoscopic Cholecystectomy

disabling complications was reported in either group of
patients.

Discussion

Numerous studies have shown that SILC is associated with
better cosmesis, reduced pain, and quicker recovery [4,10-12].
However, SILC has not gained widespread acceptance possibly
because it is a more technically challenging operation than
CLC [7,22]. Additionally, SILC has been associated with longer
procedure times and more complications, without significant
benefit in terms of patients’ satisfaction, postoperative pain,
and quality of life [7,19,22]. This was likely attributed to
the technical difficulties faced during the procedure which
include instrument clashing, reduced visibility, and reduced
mobility of instruments. More recently, more SILC-specific
instrumentation has been developed. However, we report
a higher mean surgery duration for SILC of 52 + 2 mins,
compared to the experiences reported from several studies
[4,14,23-26]. Postoperative pain, use of an additional port,
complication rates, operation time and the costs of SILC were
similar to or greater than those of CLC [27]. Hence, large
randomized controlled trials are needed to examine the true
benefits of SILC.

Studies have demonstrated that a reduction in the
size and/or number of ports in SILC resulted in decreased
postoperative pain [5,17,28] and analgesic requirements
compared to CLC [5,28]. However, we failed to demonstrate
any significant differences in terms of overall pain scores or
analgesic requirements between both groups. These findings
were consistent with other series reported in the literature
[14,16,26]. While there has been a reduction in the number
of smm ports utilized in SILC; the umbilical incision in SILC
however is invariably larger than in CLC. We believe that this
is the principal determinant in the lack of significant benefit in
terms pain for SILC [28,29]. However, in our study, the post
operative hospital stay in SILC arm is less than that of CLC
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group which was statistically significant (P<0.05) and the pain
is one of the main reason for staying longer in the hospital
(30].

We were initially concerned that a larger umbilical incision
in the SILC group was the possibility of a higher incidence of
umbilical hernias [31-33]. A number of studies did not detect
any port site hernia or wound complications [4,5,14]. However,
the follow up periods for these studies were less than 12 months
which would likely underestimate the incidence. Despite these
concerns, we did not detect any significant differences at long-
term follow up intervals.

There was no significant improvement in operating time
for SILC throughout our series, which was consistent with
previous reports [4,10,17,23-26]. This suggests that surgeons
experienced with laparoscopic cholecystectomy can transfer
to a single incision laparoscopic cholecystectomy relatively
easily but that improvement in operative time with increased
experience was due to technical/instrumentation difficulty.

Although SILC is safe and effective, inherent surgeons’
discomfort prevented a large-scale adaption of this technique.
Recent advances in robotic technology suggests that da Vinci
Single-Site™ cholecystectomy (dVSSC) may overcome this
issue(33). dVSSC provides significant benefits over SILC in
terms of surgeon’s stress load, matches the standards of
single incision approach with regard to patients’ outcomes but
increases expenses.

Conclusion

We found SILC to be a safe procedure, without significant
increase in morbidity compared to CLC. The improved
cosmetic satisfaction with SILC persisted at intermediate
and long-term follow up. However, SILC is associated with
longer operative times and greater costs compared to CLC.
Somewhat surprisingly, we did not find any benefit in terms
of postoperative analgesic requirements and return to normal
activity. We are cautiously optimistic that with improved
instrumentation, SILC will become more commonplace in the
future. However, the marginal cosmetic benefit at the cost of
increased operative time and costs will likely mean that the
choice of the procedure will be largely patient rather than
physician driven.
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