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Abstract:

Purpose: single incision laparoscopic technique is an emerging modality. The purpose of our study was to
compare the intraoperative and short-term postoperative outcomes of single incision laparoscopic colectomy
(SILC) versus multi-incision laparoscopic colectomy (MILC) and to explore whether, for any of the different
types of colectomies, SILC is the recommended approach.

Methods: We retrospectively reviewed the charts of all patients who underwent laparoscopic colectomies
between October 2010 and December 2012. The cohort was divided into two groups, SILC and MILC, which
were compared in terms of their intra-operative and early postoperative outcomes. Each group was
then sub-divided according to the type of procedure, each of which was compared separately between
SILC and MILC. The intra-operative parameters were total operative time, surgical margin involvement and
the number of lymph nodes extracted. The postoperative parameters included length of hospital stay, 30-day
readmission, maximum pain score, morbidity, and mortality.

Results: Seventy-five patients underwent laparoscopic colectomies (SILC-21/ MILC-54). Between the two
groups, patient characteristics were not statistically different. A comparison of the groups’ intraoperative and
postoperative results showed no statistically significant differences. There were no deaths in either group.
Analyses of each procedure separately showed that when performing RH there was a trend (p = 0.08) of better
oncological results withahigher mean number oflymph nodes extracted (23.5+3.16vs.17.19 £ 6.93).Inaddition,
LOS decreased (5.91 * 3.59 vs. 6.48 + 1.76, respectively), which was statistically significant (p = 0.05).

Conclusions: Single incision approach for bowel resections is feasible and safe. Given our findings, we believe
that SILC technique is an effective alternative to MILC when performing RH with the statistically significant
benefits of lower LOS and better oncological results. However, the efficiency of the technique in LH or AR is still
questionable and needs further evaluation.

Keywords: singleincisionlaparoscopicsurgery; colorectal cancer;laparoscopiccolectomy; righthemicolectomy;
left hemicolectomy; minimally invasive surgery

In the past two decades, laparoscopic techniques have gained wide clinical acceptance in surgical practice.
Compared to the traditional open approach, the laparoscopic approach in colorectal surgery has been shown
to result in faster return of bowel function, shorter length of hospital stay (LOS), reduced postoperative pain,
decreased wound complication, and better cosmetic results [1-5].

The first report of a single incision laparoscopic (SIL) surgery was in gynecology 20 years ago [6]. Seven years
later, Bresadola et al. reported the successful use of SIL in a general surgical procedure for cholecystectomy
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[7]- Since then, SIL surgery has become an emerging modality that has gained widespread acceptance. SIL
colectomy (SILC) has been described in case reports and case series [8-14]. These authors reported a trend
of superiority of the SIL compared to the multi-port technique in reduced pain, better cosmetic results, and
decreased LOS. However, other reports showed equivalent outcomes between the two techniques [15-16].

In light of contrasting data in literature, two questions arise. First, is SILC really superior and a bridge technique
between conventional laparoscopic colectomy and natural orifice transluminal endoscopic surgery (NOTES), or
is it merely a fashionable technique with no actual benefits? Second, among the different types of colectomies,
is there a specific procedure in which the SILC is recommended?

The purpose of our study was to address this question by comparing the intraoperative and short-term
postoperative outcomes of SILC compared to the multi-port technique.

PATIENTS AND METHODS

We retrospectively reviewed the charts of all patients who underwent laparoscopic colectomy without
conversion to open, between October 2010 and December 2012. Patients were divided into two groups,
those who underwent traditional multi-incision laparoscopic colectomy (MILC) and those who had SILC. For
clarification, patients were randomly allocated to receive either MILC or SILC (tablel). In addition, the same
surgeons performed both techniques. The characteristics of each group were evaluated according to five
criteria: age, gender, American Society of Anesthesiologists (ASA) score, pathology (benign or malignant) and
type of procedure - right hemicolectomy (RH), left hemicolectomy (LH) or anterior resection (AR).

The two groups were compared based on intraoperative and early postoperative outcomes. We began by
comparing all the patients who underwent SILC to those who had a MILC. Each group was then sub-divided
according to the type of procedure (RH/LH/AR) and a comparison was done between SILC and MILC based
on each procedure separately. Intraoperative parameters included total operative time, surgical margin
Involvement and number of lymph nodes extracted (the pathologist was blinded the surgical technique).The
postoperative parameters were length of hospital stay (LOS), 30-day readmission, complication, mortality
(thirty-day mortality or in-hospital mortality), and maximum pain score on day of operation and the first
postoperative day (POD1). The last two parameters were assessed and recorded by the nursing staff. Pain level
was measured using the visual analogue scale (VAS) pain score tool.

Surgical Technique

We used the GelPort laparoscopic system of Applied Medical (Rancho Santa Margarita, CA, USA) that offered
a pseudo abdomen platform for unmatched triangulation of a standard laparoscopic instrument. Usually we
performed a 2.5-cm incision in the umbilical area.

Statistical analysis

Data were statistically analyzed using SPSS v 21.0. Numerical data are presented as means + standard deviations.
Categorical (ordinal and nominal) variables were analyzed using the chi-squared test, and the Student’s t test
was used for continual variables.

The duration of admission for each technique was analyzed using the Mann-Whitney non-parametric test. Three
surgical approaches were compared individually using the Bonferroni criterion, which maintains an overall
type I error rate of 0.05.
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RESULTS

Seventy-five patients underwent laparoscopic colectomies at our center between October 2010 and December
2012. Of those 75 procedures, 21 were SILC and 54 were MILC.

As shown in Table 1, the two groups were comparable in terms of age (65.81 + 13.26 years in the SILC group
and 66.61 * 12.92 years in the MILC group, p = 0.81), gender (M/F 9/12 in the SILC group and 27/27 in the
MILC group, p = 0.58 ),mean ASA score ( 1.89 #* 0.58 in the SILC group and 2.11 * 0.48 in the MILC group,
p = 0.13), the ratio between the operative procedures (RH/LH/AR-11/9/1 in the SILC group and 25/16/13 in
the MILC group, p = 0.2 ), and pathology [n = 15 (71.42%) malignant cases in the SILC group and n = 38 (70.4%)
malignant cases in the MILC group, p =0.93].

Intraoperative outcomes

Intraoperative outcomes shown in Table 2 include operative time, surgical margin involvement, and number
of lymph nodes extracted (malignant cases only). The mean operative time for SILC was 129 * 42 minutes,
compared to 139 * 43 minutes in the MILC; however, this difference was not statistically significant (p = 0.37).
In both groups there was no surgical margin involvement.

Mean amount of lymph node recovered from the pathologic specimen for the SILC group was higher, but not
statistically significant from the MILC group (17.67 + 8.05 VS. 14.7 + 7.23, respectively. p = 0.22).

Postoperative outcomes

As shown in Table 2, the LOS was 8.76 + 8.42 for SILC and 6.74 * 2.2 for the MILC, which was not statistically
significant (p = 0.29).

One patient was re-admitted in the SILC group for 24 days due to anastomotic leak after RH. The patient
underwent

two more re-operations for peritoneal lavage and abdominal wall closure with a vacuum assisted closure (VAC)
system. Two MILC patients were re-admitted (4.76 % vs. 3.7%, respectively), the first for three days due to
rectal bleeding that stopped spontaneously and the second for two days because of constipation. There was no
statistical difference between the groups for hospital re-admittance (p = 0.83).

Six patients in the SILC group developed postoperative complications. Two patients had anastomotic leaks. One
of those patients was mentioned above, and the second developed sepsis due to anastomotic leak after LH and
underwent six more operations, including peritoneal lavage, colostomy creation, and finally, abdominal closure
with a VAC system. Other complications that were encountered were minor, including one contained leak, one
hematoma, and two incidents of paralytic ileus. Compared to the group of patients that underwent the SILC
procedure, in the MILC group nine patients developed postoperative complications, including two with SSI, one
with paralyticileus, one contracted pneumonia, one needed a blood transfusion, one with pulmonary embolism
(PE), one with perioperative atrial fibrillation (AF) and two more were readmitted as described before (28.57%
vs. 16.6%). There was no statistical difference between the groups for postoperative complications (p = 0.1).

The fourth parameter that was evaluated was maximum VAS pain score on the day of the operation and on
the first POD. Mean VAS pain scores in the SILC group were 2.61 + 3.2 and 2.26 * 2.66, respectively. Those
results were not statistically different from the MILC group: 1.37 + 2.57 and 2.65 * 2.69, respectively (p = 0.29,
p=0.32).
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There were no deaths in either the MILC or the SILC group.

SILC vs. MILC - specific procedure

Table 3 shows the comparison of the two techniques for RH, LH, and AR separately. When performing RH there

was a trend (p = 0.08) of better oncological results with a higher mean number of lymph nodes extracted
(23.5+£3.16vs.17.19 + 6.93). In addition, the LOS was lower in the SILC compared to the MILC group (5.91 + 3.59
vs. 6.48 + 1.76, respectively). This difference was statistically significant (p = 0.05).

Other parameters that were evaluated for RH, LH, and AR showed no statistical significance.

Table 1. Comparison of patients’ characteristics between SILC and MILC

SILC MILC P

N 21 54
Male/Female ratio 9/12 27/27 P=0.58
Age ,mean + SD 65.81 +13.26 66.61 +12.92 P=0.81
ASA score, mean = SD 1.89 £ 0.58 2.11+0.48 P=0.13
Pathology, n (%)
Malignant 15 (71.42) 38(70.4) P=0.93
ype of procedure
Right hemicolectomy 11 25 P=0.2
Left hemicolectomy 16
Anterior resection 1 13

Table 2. Intraoperative and postoperative outcomes, comparison between SILC and MILC
SILC MILC P

Intraoperative
Operative time (min),mean + SD 129 + 42 139 +43 0.37
Surgical margin involvement No No
Number of lymph nodes extracted 0.22
mean + SD 17.67 + 8.05 14.67 +7.23
Range 11-32 6-30
Postoperative (within 30 days from surgery)
LOS (days),mean + SD 8.76 + 8.42 6.74 £2.2 0.29
Median 5 6
Range 3-35 4-14
Readmission$ 1(4.76) 2(3.7) 0.83
Operative day VAS score, mean * SD 2.61+3.2 1.37 £ 2.57 0.29
POD1 VAS score, mean + SD 2.26 £ 2.66 2.65 +2.69 0.32
Complications? 6 (28.57) 9 (16.6) 0.109
Mortality 0 0

$ Number and percentage, respectively
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Table 3. Specific outcomes according to the type of surgery, a comparison between SILC and MILC.

| SILC | MILC | P

RH
Operative time (min)? 125+ 22 125+ 31 0.98
Number of lymph nodes extracted ? 23.5+3.16 17.19 £ 6.93 0.08
LOS(days)? 5.91 +3.59 6.48 +1.76 0.05
Readmission® 1(9.09) 0 0.13
Operative day VAS score? 2.71 £ 3.49 1.47 +2.53 0.33
POD1 VAS score® 1+2.34 2.55 +2.85 0.16
Complications?® 3(27.3) 4(16) 0.43
LH
Operative time(min)? 126 £+ 55 126 + 23 0.97
Number of lymph nodes extracted ® 13.5+6.11 14.5+7.99 0.75
LOS(days)? 11.78 £+ 11.73 6.13 +1.54 0.18
Readmission® 0 0 Error
Operative day VAS score ® 2.5+3.88 2.8+2.75 0.86
POD1 VAS score? 1.67 +3.2 2.63 +2.72 0.53
Complications? 2 (22.22) 2 (12.5) 0.52
AR
Operative time (min)? 202 180 £ 56 Error
Number of lymph nodes extracted ® 16 11.5+5.8 Error
LOS (days)? 13 8+3.13 0.18
Readmission® 0 2 Error
Operative day VAS score ? 3.17 £ 2.63 Error
POD1 VAS score? 3 2.67 £ 2.55 Error
Complications® 1 3 (23) 0.107

$ Number and percentage, respectively

aMean = SD

DISCUSSION

Adaptation of the SILC approach has been reported in case reports [17-18], small case series [19], and
case-matched series [20]. These reports have demonstrated improved cosmetic outcome, decreased early
postoperative pain, and shorter LOS for patients who underwent the SILC procedure. In our study, we compared
the SILC and standard MILC approaches in terms of the intraoperative and postoperative outcomes.

Regarding intraoperative outcomes, we found that the operative times for the SILC and MILC procedures were
equivalent. In theory, the use of a single incision may reduce the surgeon’s maneuvering space, and the lack of
triangulation could compromise surgical exposure, leading to the potential risk that the surgeon may not fulfill
all oncological criteria. Despite these potential drawbacks, our results showed that neither group had surgical
margin involvement and the mean number of lymph nodes extracted was even higher when using the SILC
approach (17.6 vs. 14.6), but this difference was not statistically significant.

The postoperative outcomes that were evaluated included LOS, 30-day readmission, postoperative pain,
complications, and mortality. We report similar outcomes between the two techniques, with no statistically
significant advantages to one or the other technique. For clarification, we believe that in both cases in the SILC
group, where an anastomotic leak had occurred it was not related to the surgical technique: The patient after
LH that developed a post-operative leak had an extra-corporal anastomosis and the leak was found in the colon
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stump and not in the anastomosis. In the second case (after RH), we believe that the cause is related to an
anatomical variant of blood supply to the right colon that led to vascular insufficiency of the anastomosis, which
probably caused leakage.

In summary, we found that the SILC procedure produced equivalent results based on operative time, oncological
results, LOS, 30-day readmission, postoperative pain, complications, and mortality. Our findings corroborate
those of prior studies [21-24] and lead to the conclusion that using the single port procedure for large bowel
resections is a feasible and safe option.

We also compared each procedure - RH, LH, and AR - separately in terms of the operative outcomes of the
single incision vs. the multi-incision approach. With the exception of the number of abdominal wall incisions,
the SILC and MILC operative procedures are basically the same. When comparing the data for RH done in a
SILC procedure, we found a statistical trend (p = 0.08) of better oncological results with a higher number of
lymph nodes extracted compared to MILC (23.5 vs. 17.19). Prior reports show similar results with equivalent
oncological result in single incision RH [12-13, 15-16, 25]. A possible reason for the oncological advantage
found for RH and absent in the other colectomies could be that the amount of meso-colon that is resected in the
single port technique is higher than the MILC, since the single port enables extraction of the colon through an
umbilical incision such as the open technique.

The evaluation of the RH, LH and AR procedures in terms of postoperative outcomes showed a statistically
significant advantage (p=0.05), in the form of decreased LOS (5.9 vs. 6.5), to using the single incision approach.
Papaconstantinou et al. [20] and Poon et al. [26] also reported a decreased LOS in single incision RH. Both have
suggested that the cause could be decreased postoperative pain. Our data showed a lower mean VAS score in
the first POD (1 vs. 2.55), but this difference was not statistically significant. A possible bias could be due to the
data being taken from the nursing stuff reports, in which postoperative pain was not reported for all patients.

When evaluating LH and AR in the single incision approach, no statistically significant difference was found. The
use of single port in resection of the left colon was mostly reported in sigmoidectomy [27-30]. Those reports
concluded that the single port approach is feasible and safe without substantially increasing morbidity and
mortality. Our study reinforced those conclusions, suggesting that the use of single port is safe for both LH and
AR, but our results did not show any statistically significant benefits.

CONCLUSIONS

The use of the single incision approach for bowel resections is feasible and safe. When performing the RH
procedure, SILC has statistically significant advantages over the traditional MILC approach in terms of reduced
LOS and better oncological results (higher number of lymph nodes extracted). Given our findings, we believe
that the SILC technique is an effective alternative to MILC when performing RH. However, the efficiency of the
technique in LH or AR is still questionable and needs further evaluation.
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