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Abstract

Background Single-incision laparoscopic surgery is an

emerging modality that has proven to be safe and feasible

for colon resection in multiple case reports and series.

Nonetheless, comparative analyses with established tech-

niques are limited in the published literature. We evaluated

the efficacy of single-incision laparoscopic colectomy

(SILC) for the treatment of sigmoid disease through a

matched-case comparison with conventional laparoscopic

colectomy (CLC).

Methods Twenty patients who underwent single-incision

laparoscopic sigmoid resection for benign or malignant

disease between July 2009 and September 2010 were

matched to patients who underwent conventional laparo-

scopic sigmoid colectomy. Demographic, intraoperative,

and postoperative data were assessed.

Results Twenty SILC and CLC cases each were paired

based on gender (p \ 1.0), age (p \ 0.47), pathology

(p \ 1.0), and surgical procedure (p \ 1.0). Ten patients

(50%) in the SILC group and eight patients (40%) in the

CLC group had a history of prior abdominal surgery

(p \ 0.53). There were no conversions to open surgery;

however, one SILC procedure (5%) required conversion to

CLC (p \ 0.31). There was no significant difference in

mean operating time between groups (p \ 0.80). Mean

estimated blood loss was significantly lower for SILC

compared to CLC (p \ 0.007). Mean lymph node extrac-

tion was comparable between groups in the subset of

patients with malignant disease (p \ 0.68). Two postop-

erative complications were encountered in each group. The

mean length of hospital stay for SILC and CLC was

3.2 ± 1.0 and 3.8 ± 2.1 days, respectively (p \ 0.25).

There were no readmissions or reoperative interventions in

either group.

Conclusion Compared with conventional laparoscopic

technique, single-incision laparoscopic surgery results in

similar intraoperative and postoperative outcomes. The

technique avoids use of multiple trocar sites and may safely

be performed in patients with a history of previous

abdominal surgery while maintaining a short length of

hospital stay and low complication rate.
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Single-incision laparoscopic surgery is an emerging

modality for minimally invasive colon resection. The first

single-incision laparoscopic colon resection was reported

by Bucher et al. [1] in July 2008 and involved a single-

incision laparoscopic right hemicolectomy for a benign

polyp. A year later, the first series of single-incision co-

lectomies (one left and six right hemicolectomies) was

published [2]. Numerous case reports and series describing

the safety and feasibility of single-incision colectomy have

since been published [3–11]. These series have reported

promising initial outcomes, with the potential for improved

cosmesis, decreased pain, and diminished risk of incisional

hernias. Nevertheless, published series comparing single-
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incision laparoscopic colon resection and laparoscopic

colectomy remain limited [12–17], with the primary focus

on minimally invasive right hemicolectomy. The aim of

this study was to evaluate the utility of single-incision

laparoscopic colectomy (SILC) and to assess whether the

proven safety, short-term benefits, and efficacy of con-

ventional laparoscopic colectomy (CLC) are maintained

with the SILC approach. We present a matched-case

comparative analysis of outcomes following CLC and

SILC for patients undergoing sigmoid resection for benign

and malignant disease.

Material and methods

Seventy-seven patients underwent SILC for benign or

malignant pathology between July 2009 and September

2010. Single-incision technique was considered for all

patients during the study period unless they (1) had an

American Society of Anesthesiologist (ASA) score of 4 or

5, (2) required emergency surgery for a pressing medical

condition, or (3) presented with middle or lower rectal

disease, large bulky malignant disease, or complicated

benign disease (fistula, obstruction) [18]. Of the 77 cases,

53 did not involve resection of the sigmoid; these included

colostomy creation (n = 1) and takedown (n = 1), trans-

verse colectomy (n = 1), left colectomy (n = 1), total

colectomy (n = 8), and right hemicolectomy (n = 41).

Of the remaining 24 SILC procedures, 20 single-incision

laparoscopic sigmoid resections were matched to 20 con-

ventional laparoscopic sigmoid colectomies based on four

matching criteria: gender, age, pathology (benign or

malignant), and type of procedure (sigmoid colectomy with

or without takedown of the splenic flexure). Comparable

CLC cases were unable to be matched with the remaining

four SILC cases. There were no major differences between

the 20 SILC cases that were matched and the 4 SILC cases

that were unmatched (Table 1). The CLC cases represented

both matched cases completed prior to initiating our SILC

experience (n = 17) and cases performed during (i.e.,

those excluded from SILC technique) the study interval

(n = 3).

Demographic data, intraoperative parameters, and

postoperative outcomes were collected and entered into an

Institutional Review Board-approved database. Demo-

graphic data, including age, gender, body mass index

(BMI), ASA score, and history of prior abdominal surgery,

were tabulated. Intraoperative parameters, including inci-

sion length (IL), estimated blood loss (EBL), total opera-

tive time (OT), and conversion rate, were analyzed.

Postoperative outcomes, including the length of hospital

stay (LOS), complication rate, need for reintervention, and

readmission rate, were assessed.

Operative technique

Each procedure was performed by one of two board-cer-

tified colorectal surgeons (EMH and TBP). The SILC

procedures were performed using one of three access

devices: SILSTM Port (Covidien, Mansfield, MA, USA),

GelPOINTTM (Applied Medical, Rancho Santa Margarita,

CA, USA), or GelPort� (Applied Medical). Standard

nonarticulated laparoscopic instrumentation and a 5-mm

30� camera with a right-angle light cord adaptor (KARL

STORZ, El Segundo, CA, USA) were utilized for all pro-

cedures. Our standard laparoscopic approach differed from

the SILC approach only in the number of ports used and

method of entry to achieve successful resection. In the

CLC cases, initial entry was achieved using a 5-mm optical

access trocar (Optiview system, Ethicon Endo-Surgery,

Cincinnati, OH, USA) under direct visualization. Once

pneumoperitoneum was established, two additional 5-mm

Table 1 Comparison between matched and unmatched cases of single-incision laparoscopic sigmoid resection

Parameter Matched SILC (n = 20) Unmatched SILC (n = 4) p value

Gender (M/F)a 11/9 2/2 \0.88

Age (years)a 59.0 ± 10.0 (range = 37–76) 60.3 ± 7.3 (range = 50–67) \0.78

Pathologya 17 benign/3 malignant 2 benign/2 malignant \0.32

Procedurea 15 SC without s-flex takedown (75%) 3 SC without s-flex takedown (75%) \1.0

5 SC with s-flex takedown (25%) 1 SC with s-flex takedown (25%)

ASAb 2 2 \1.0

BMI (kg/m2) 25.9 ± 3.9 (range = 19.5–32.8) 27.1 ± 5.7 (range = 22.1–35.3) \0.71

PSH 10 (50%) 2 (50%) \1.0

ASA American Society of Anesthesiologist score, BMI body mass index, PSH past surgical history, s-flex splenic flexure, SC sigmoid colectomy,

SILC single-incision laparoscopic colectomy
a Matching criteria
b Median value
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trocars and one 12-mm trocar were placed in the right

lower quadrant or suprapubic region (Fig. 1).

We have previously described our SILC technique for

sigmoid resection [19]. Briefly, the patient was placed in a

modified lithotomy position following induction of anes-

thesia. The single-incision access device was placed

through a 2.5-cm transumbilical (n = 17) or 4-cm Pfann-

enstiel skin incision (n = 3). In the majority of cases, the

procedure was performed through a medial-to-lateral

approach (at the discretion of the operating surgeon).

Following vascular control and mobilization, the specimen

was extracted through an Alexis� wound retractor (Applied

Medical) placed in the single-incision site. The specimen

was resected and a purse-string suture was placed, followed

by intracorporeal anastomosis using an ECS 29a circular

stapler (Ethicon Endo-Surgery). Both groups were placed

on identical postoperative enhanced recovery pathways

[13].

Statistical analysis

Data analysis was performed using Intercooled Stata ver-

sion 9.2 (Stata Corporation, College Station, TX). Cate-

gorical parameters, summarized as percentages, were

compared with the v2 test. For continuous variables, a

paired two-tailed Student’s t-test was performed, with a

significance level of a = 0.05.

Results

A total of 40 patients who underwent SILC (n = 20) and

CLC (n = 20) were matched based on four criteria (Table

2): gender (p \ 1.0), age (p \ 0.47), pathology (p \ 1.0),

and surgical procedure (p \ 1.0). The mean age was

57.7 ± 11.3 years (range = 35–82 years), the mean BMI

was 27.7 ± 4.9 kg/m2 (range = 19.5–47.5 kg/m2), and the

Fig. 1 Port placement for

sigmoid resection.

A Transumbilical SILC

approach. B Pfannenstiel SILC

approach. C CLC approach

Table 2 Demographic information and preoperative parameters

Parameter All patients SILC CLC p value

Gender (M/F)a 22/18 11/9 11/9 \1.0

Age (years)a 57.7 ± 11.3 (range = 35–82) 59.0 ± 10.0 (range = 37–76) 56.4 ± 12.6 (range = 35–82) \0.47

Pathologya 34 benign/6 malignant 17 benign/3 malignant 17 benign/3 malignant \1.0

Procedurea 40 SC 15 SC without s-flex takedown (75%) 15 SC without s-flex takedown (75%) \1.0

5 SC with s-flex takedown (25%) 5 SC with s-flex takedown (25%)

ASAb 2 2 2 \0.44

BMI (kg/m2) 27.7 ± 4.9 (range = 19.5–47.5) 25.9 ± 3.9 (range = 19.5–32.8) 29.6 ± 5.4 (range = 21.9–47.5) \0.021*

PSH 18 (45%) 10 (50%) 8 (40%) \0.53

ASA American Society of Anesthesiologist score, BMI body mass index, CLC conventional laparoscopic colectomy, PSH past surgical history, s-
flex splenic flexure, SC sigmoid colectomy, SILC single-incision laparoscopic colectomy
a Matching criteria
b Median value

* Significant difference
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median ASA was 2 (range = 2–3) for all patients. There

was a statistically significant difference in BMI (not used

for matching) between the SILC (25.9 ± 3.9 kg/m2) and

CLC (29.6 ± 5.4 kg/m2) groups (p \ 0.021). Ten patients

(50%) in the SILC group and eight patients (40%) in the

CLC group had a history of prior abdominal surgery

(p \ 0.53).

A single incision was initially utilized for all SILC

cases, while the CLC procedures required four trocars and

an extraction site incision. There were no conversions to

open surgery in either group; however, one SILC procedure

(5%) required two supplementary trocars for completion

(Table 3). In the SILC group, the mean incision length was

3.3 ± 0.8 cm, whereas the mean extraction site incision

length was 3.2 ± 0.6 in the CLC group (p \ 0.70). There

was no significant difference between groups in the mean

operative time (159.2 ± 29.9 min for SILC and

162.1 ± 40.3 min for CLC, p \ 0.80), and no intraopera-

tive complications were encountered during any of the

procedures. The mean estimated blood loss was signifi-

cantly lower (58.3 ± 34.3 ml versus 98.9 ± 52.1 ml) for

SILC compared to CLC (p \ 0.007). In the subset of

patients with malignant disease (n = 6), all surgical mar-

gins were negative and the mean lymph node extraction

was comparable between groups (20.3 ± 3.8 for SILC and

18.3 ± 6.8 for CLC, p \ 0.68).

In regard to length of hospital stay, there was no

significant difference (3.2 ± 1.0 days versus 3.8 ± 2.1

days) between the SILC group and the CLC group

(p \ 0.25). Two postoperative complications were

encountered in each group (10%). In the SILC group, a

wound seroma and a hematoma were encountered and

managed conservatively in two patients, while in the

CLC group, two patients developed ileus requiring

nasogastric tube decompression. There were no reopera-

tive interventions or readmissions for any of the patients

in either group.

Discussion

Single-incision laparoscopic surgery has emerged as a safe

and feasible minimally invasive approach for the treatment

of benign and malignant diseases of the colon. The technique

has been employed successfully for a number of colorectal

procedures, including right hemicolectomy [2, 4, 6, 8, 9,

20–25], total colectomy [26–28], proctocolectomy with ileal

pouch anal anastomosis [28, 29], and left colectomy [2, 25,

30]. Several case reports and series have been published

involving use of the SILC technique for sigmoid resection

[3, 7, 31–38], the largest of which included 10 consecutive

patients who underwent resection for recurrent diverticulitis

[38]. These reports concluded that SILC was safe and fea-

sible without increased operative time, risk of complication,

or prolonged hospitalization when performed by an experi-

enced laparoscopic surgeon. Currently, there are six studies

comparing SILC and laparoscopic surgery in the published

literature [12–17]; however, only one of these included a

subset of patients who underwent conventional laparoscopic

sigmoid resection [15]. We present a case-matched com-

parative analysis comprised exclusively of sigmoid resec-

tions to compare intraoperative and postoperative outcomes

and to evaluate the efficacy of the SILC technique.

All cases were completed without conversion to open

surgery. One SILC case required salvage with multiport

laparoscopic technique to facilitate primary oversewing of

the anastomosis following a positive air-leak insufflation

test. Operative time and perioperative complication rates

were comparable between the two groups. Although longer

operative times have been reported for single-incision

laparoscopic procedures [15], this was not true in our series

as the operative times were nearly identical between the

two modalities. This finding most likely reflects the

learning curve of SILC being overcome during our initial

experience with right hemicolectomy [6]. There was sig-

nificantly diminished EBL in the SILC group; however,

Table 3 Intraoperative and postoperative outcomes following SILC and CLC

Parameter SILC CLC p value

Conversion to open surgery (%) 0%a 0% \1.0

EBL (ml) 58.3 ± 34.3 98.9 ± 52.1 \0.007*

Operative time (min) 159.2 ± 29.9 162.1 ± 40.3 \0.80

Lymph node extraction (malignant cases only, n = 3) 20.3 ± 3.8 18.3 ± 6.8 \0.68

Length of stay (days) 3.2 ± 1.0 3.8 ± 2.1 \0.25

Complications (%) 10% 10% \1.0

CLC conventional laparoscopic colectomy, EBL estimated blood loss, SILC single-incision laparoscopic colectomy
a One case converted to multiport laparoscopic surgery

* Significant difference
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this was not clinically significant as blood transfusion was

not necessary in either group of patients. All patients fol-

lowed identical postoperative recovery pathways [13] and

the length of hospital stay was similar in the SILC

(3.2 days) and CLC groups (3.8 days).

Both SILC and CLC procedures were completed using

standard laparoscopic instrumentation. Articulating instru-

ments were not considered for SILC as they were not

readily available and may have contributed to increased

cost and technical complexity of the procedure. We rec-

ommend utilizing instrumentation of variable lengths, such

as a bariatric-length bowel grasper or an extra long camera,

to minimize external clashing. This may prove especially

beneficial when mobilization of the splenic flexure is

required, which we completed without significant difficulty

during five SILC procedures. Additionally, a right-angle

light-cord adaptor for the camera greatly reduces external

conflict during laparoscopic maneuvers.

Coaxial alignment of instrumentation through a single

access point can result in frequent internal collisions, thus

restricting range of motion and visualization. The resulting

loss of triangulation must be overcome by technical

maneuvers acquired during the learning curve phase of this

technique. We recommend a medial-to-lateral approach,

with early identification, isolation, and ligation of the

inferior mesenteric artery (IMA) followed by retroperito-

neal dissection. With the lateral attachments assisting in the

elevation of the colon and mesentery, this approach facil-

itates triangulation through use of a single grasper (i.e.,

single-grasper triangulation). A ‘‘hand-over-fist’’ maneuver

is utilized to reduce clashing and optimize retraction and

dissection of the tissue planes during SILC (Fig. 2A). As

one instrument (i.e., ‘‘fist’’) elevates or tents the tissues, the

opposite instrument (i.e., ‘‘hand’’) dissects along the

avascular plane (Fig. 2B). When further dissection cannot

be accomplished, the roles of the instruments are reversed

to advance the procedure.

We found a significant difference in the BMI between

the laparoscopic group (29.6 ± 5.4 kg/m2) and the single-

incision group (25.9 ± 3.9 kg/m2). The difference was

attributed to two patients in the laparoscopic group, one

with a BMI of 35.1 kg/m2 and another with a BMI of

47.5 kg/m2. Although BMI was not one of the four

matching criteria, this significant difference is a limitation

of this series and should be considered when evaluating the

results. It should be noted, however, that both patient

groups had a mean BMI within the range of 25–30 kg/m2,

which we previously found to be associated with signifi-

cantly prolonged operative time in a series of single-inci-

sion laparoscopic right hemicolectomies [6]. Another

potential limitation of this study is that it involved two

surgeons. Each surgeon (EMH and TBP) has extensive

experience with conventional laparoscopic technique (over

500 cases each) and both began utilizing the single-incision

approach between July and August 2009. In this series, the

surgeons contributed nearly equal numbers of patients to

each arm of the study, thereby minimizing the potential for

surgeon population bias.

When compared with conventional laparoscopic tech-

nique, single-incision laparoscopic surgery maintains the

same short-term benefits of minimally invasive colon

resection, including short hospital length of stay and low

complication rate. Cosmesis has been described as one of

the primary benefits of single-incision laparoscopic sur-

gery; however, we believe the most important benefit is the

avoidance of multiple trocar sites. Although complications

have been reported at an incidence of only 0.2–0.3%, trocar

site insertion has been associated with devastating vascular,

bowel, and other intra-abdominal injuries in certain cases

[39]. Furthermore, the trocar site hernia rate has been

reported as high as 5% in the literature [40] and typically

requires reoperative intervention. The SILC technique

avoids the complications associated with multiple trocar

sites, can be safely offered to those patients with prior

Fig. 2 Single-grasper

triangulation technique.

A Depiction of ‘‘hand-over-fist’’

maneuver. B Intraoperative

view of single-grasper retraction

and dissection
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abdominal surgery, and does not require longer operative

time.
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