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Abstract
Background Single-incision laparoscopic colorectal surgery is an emerging modality. We incorporated this technique as an
alternative to hand-assisted laparoscopic surgery. We investigated intraoperative and short-term outcomes following singleincision laparoscopic colectomy compared with hand-assisted laparoscopic colectomy.
Methods Between July and November 2009, single-incision colorectal procedures were performed and matched to handassisted procedures based on five criteria: gender, age, body mass index, pathology, and type of procedure. Demographic,
intraoperative, and postoperative data were assessed.
Results Twenty-four pairs of patients with a mean age of 55.1 years and mean body mass index of 28.5 kg/m2 were
matched. The majority of cases (79.2%) were right hemicolectomies. The ranges of incision length were 2–6 cm (single
incision) and 5–11 cm (hand-assisted). Mean operating time was significantly longer for single-incision procedures
(143.2 min) compared with hand-assisted procedures (112.8 min), p<0.0004. There was no significant difference in the
groups regarding conversions or intraoperative complications (p<0.083 and p<1.0, respectively). Mean length of stay for
the single-incision approach (2.7 days) was significantly shorter compared with the hand-assisted approach (3.3 days), p<0.02.
Conclusion Single-incision laparoscopic colectomy is a safe and feasible alternative to hand-assisted laparoscopic surgery.
Although the technique required longer operative time, it resulted in smaller incision size and significantly shorter length of
hospitalization.
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Introduction
Single-incision laparoscopic surgery is an emerging modality, first reported for gynecologic surgery in 19921 and
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7 years later for general surgery.2 Slow to achieve widespread acceptance, this technique has recently experienced
resurgence in its use, including increasing application for
minimally invasive colorectal surgery. Single-incision laparoscopic colectomy (SILC) has been described through
case reports and small case series.3–7 Considered safe and
feasible,8,9 the single-incision technique results in improved
cosmesis with the potential for decreased pain and fewer
incisional hernias.4,7,10,11
Hand-assisted laparoscopic surgery (HALS) was first
described in 1996 for colorectal surgery12 and was initially
used as a bridge to facilitate completion of a minimally
invasive procedure for surgeons with limited laparoscopic
experience. This technique allows the surgeon to use tactile
feedback to identify various structures in order to complete
the operation in a shorter period of time13,14 and with lower
conversion rate compared with conventional laparoscopic
surgery (CLS).15,16 Hand-assisted laparoscopic surgery has
since gained widespread acceptance, as it has resulted in
reduced operative times yet comparable short-term benefits
compared with CLS.13–16
Single-incision laparoscopic colectomy has yet to be
compared with other minimally invasive modalities to
evaluate its potential benefits and limitations. The
purpose of this study was to assess whether the proven
short-term benefits and outcomes of minimally invasive
technique are maintained with the SILC approach. We
report the first known case-matched series of SILC
compared with HALS colectomy in regards to safety,
efficacy, and patient outcomes.

Material and Methods
This study was approved by the Institutional Review
Board. Twenty-four single-incision laparoscopic colorectal procedures performed between July and November
2009 were matched to 24 hand-assisted laparoscopic
colorectal procedures based on five matching criteria:
gender, age, body mass index (BMI), pathology (benign or
malignant), and type of procedure (right hemicolectomy
(RH), total colectomy (TC), or anterior rectosigmoidectomy
(AR)). Demographic data including age, gender, BMI, and
American Society of Anesthesiologists (ASA) score were
collected. Intraoperative parameters including umbilical
incision length (IL), estimated blood loss (EBL), total
operative time (OT), and lymph node extraction (malignant
cases only) were tabulated and analyzed. Single-incision
laparoscopic colectomies that required conversion were
analyzed within the SILC group. Postoperative outcomes
including length of hospital stay (LOS), 30-day complications, and perioperative mortality were assessed.

Surgical Technique
Each procedure was performed by one of two boardcertified colorectal surgeons (E.M.H. and T.B.P.) after
obtaining informed consent. The SILS™ Port Multiple
Instrument Access Port (n=13, Covidien, Mansfield, MA),
GelPOINT® (n=9, Applied Medical, Rancho Santa Margarita, CA), or GelPort® (n=2, Applied Medical) was
utilized for the SILC procedures. The GelPort® (Applied
Medical) was utilized for all HALS procedures. Standard
non-articulating laparoscopic instruments were utilized for
all procedures.
Our SILC technique has previously been reported.9,17
Patients undergoing RH were placed in the supine
position. Patients undergoing AR or TC were placed in
the lithotomy position. The single-incision device was
inserted through a 2.5 cm transumbilical incision
(Fig. 1a). The direction of dissection (medial-to-lateral or
lateral-to-medial) was performed at the discretion of the
operating surgeon. For each patient, the specimen was
extracted through the transumbilical single incision after
placement of an Alexis® wound retractor (Applied
Medical, Rancho Santa Margarita, CA). Resection was
achieved following extracorporealization. The anastomosis for RH was performed extracorporeally while the
anastomosis for AR or TC was performed intracorporeally
with the use of a 29 mm EEA stapler (Ethicon EndoSurgery, Inc., Cincinnati, OH).
Our HALS approach began with insertion of a
laparoscopic port for initial entry into the peritoneum.
Once pneumoperitoneum was achieved, an umbilical or
Pfannenstiel incision was made, through which the
GelPort® hand-assist device was placed. The initial
incision for the hand port was 5 cm in length and was
extended up to 8 cm as necessary depending on the
surgeon’s hand size and the depth of the patient’s
abdominal wall. In addition to the hand-assist device,
two 5 mm trocars were utilized for RH (Fig. 1c) and
three 5 mm trocars were placed for AR and TC (Fig. 1b).
A 12 mm trocar was placed through the hand-assist device
in all cases. The operation proceeded in a similar approach
as the SILC procedure.
Statistical Analysis
Data analysis was performed using Intercooled Stata
version 9.2 (Stata Corporation, College Station, TX).
Categorical data, summarized as percentages, were compared with the chi-square test. For quantitative data, paired
two-tailed Student’s t test was performed with significance
level of alpha=0.05. Results are presented as mean±
standard deviation.
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Fig. 1 a Single-incision laparoscopic colectomy: three 5 mm trocars
placed through transumbilical single-access port. b Hand-assisted
laparoscopic anterior rectosigmoidectomy or total colectomy: three 5
mm trocars placed through abdomen, a 12 mm trocar and hand placed

through hand-assist device. c Hand-assisted laparoscopic right
hemicolectomy: two 5 mm trocars placed through the abdomen, one
12 mm trocar and hand placed through hand-assist device

Results

completion of the procedure while no conversions were
required for the HALS cases, p<0.083. No intraoperative
complications were encountered in either group. For the
malignant cases, LN extraction in the SILC and HALS
cases was 24.6±12.3 and 18.6±5.7, respectively (p<0.22),
see Table 2. There were no significant differences between
surgeons with respect to EBL, OT, and intraoperative
complication rate.
The LOS in the SILC group was significantly shorter
compared with that in the HALS group (2.7±0.8 days
compared with 3.3±1.1 days, p<0.02). Two postoperative
complications (8.3%) were encountered in the SILC group
(anastomotic bleeding and wound infection) and none were
encountered in the HALS group, p<0.15. No patients
required reoperative intervention. One perioperative death
was encountered in a patient following palliative SILC right
hemicolectomy as a result of complications from metastatic
disease. There were no significant differences between
surgeons with respect to LOS, postoperative complication
rate, and perioperative mortality.

Twenty-four SILC and HALS cases each were paired
together based on five matching criteria: gender (n=12
male, p<1.0), age (54.1±8.6 years in the SILC group and
56.0±11.1 years in the HALS group, p<0.36), BMI (28.5±
7.2 kg/m2 in the SILC group and 28.5±6.0 kg/m2 in the
HALS group, p<0.95), pathology (n=15 (62.5%) cases for
benign disease and n=9 (37.5%) cases for malignant
disease, p<1.0), and surgical procedure (n=19 (79.2%)
RH, n=3 (12.5%) AR, and n=2 (8.3%) TC, p<1.0), see
Table 1. Ten patients (41.7%) in the SILC group and 12
patients (50%) in the HALS group had prior abdominal
surgery (p<0.49). The median ASA score for both the
SILC and HALS groups was 2.
The mean IL was 3.3±1.1 cm in the SILC group with a
range of 2–6 cm (based on n=21 patients for whom IL was
recorded). The mean incision length for the HALS group
was 6.6±2.1 cm with a range of 5–11 cm (based on n=17
patients for whom IL was recorded) and this was
significantly greater than that of the SILC group, p<
0.00001. The EBL in the SILC and HALS groups was
62.5±37.6 mL and 90.6±60.6 mL, respectively (p<0.06).
The mean OT for the SILC group (143.2±37.2 min) was
significantly longer compared with that of the HALS group
(112.8±44.8 min), p<0.0004. There were no conversions to
open colectomy in either group. Three patients in the SILC
group (12.5%) required conversion to another MIS technique (two HALS and one multiport laparoscopy) for

Discussion
Single-incision laparoscopic technique was first reported in
the gynecologic surgical literature in 1992 for a supracervical
hysterectomy with bilateral salpingo-oopherectomy1 and in
the general surgical literature in 1999 for a single-incision
cholecystectomy.2 In the last 2 years, however, advancements
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Table 1 Summary of
demographic information

ASA American Society of
Anesthesiologists, HALS handassisted laparoscopic surgery,
NS not significant, SILC singleincision laparoscopic colectomy
a

Characteristics used as matching
criteria

Characteristic

SILC (n=24)

Gendera
Agea (years)
BMIa (kg/m2)
Pathologya
Type of procedurea
Right hemicolectomy
Anterior rectosigmoidectomy
Total colectomy
ASA score
Previous abdominal surgery (%)

12 male/12 female
54.1±8.6
56.0±11.1
28.5±7.2
28.5±6.0
15 benign (62.5%)/9 malignant (37.5%)

NS,
NS,
NS,
NS,

p<1.0
p<0.36
p<0.95
p<1.0

19 (79.2%)
3 (12.5%)
2 (8.3%)
2.3±0.6
10 (41.7%)

NS,
NS,
NS,
NS,
NS,

p<1.0
p<1.0
p<1.0
p<0.77
p<0.49

in instrumentation and port devices have revived interest in
this approach. The adaptation of the single-incision approach
has recently emerged for colorectal surgery in the form of case
reports4,7,10,11,18 and small case series.8 These reports have
indicated improved cosmesis as the primary benefit,4,7,8,10,11
with additional benefits and potential limitations having yet to
be elicited. We previously demonstrated safety and feasibility
of the technique in a cohort of unselected patients undergoing
single-incision right colectomy.9 In order to further investigate
outcomes, we undertook a matched-case analysis comparing
the single-incision approach with hand-assisted laparoscopic
surgery.
Hand-assisted laparoscopic surgery represents a modification of conventional laparoscopic surgery, designed to
help overcome several of the technical challenges of
CLS.13,14,16 HALS allows surgeons to use a hand for
dissection or retraction, thereby providing direct tactile
feedback during a procedure. In addition, it allows surgeons
to maintain a minimally invasive approach and retain the
short-term benefits of laparoscopic surgery, including short

HALS (n=24)

p value

2.3±0.5
12 (50%)

length of stay, small incision, and reduced perioperative
complications.14,16 Compared with open surgery, the
smaller incision used for HALS may contribute to fewer
incisional hernias and faster recovery.13
In this series, the incision length for patients in the
SILC group was significantly smaller in comparison
to the incision length for patients in the HALS group
(p<0.00001). In all SILC cases, the initial incision length
was 2.5 cm. In 16 patients (76.2%), the incision was
extended by 1 cm or less at the time of specimen
extraction. In five cases (23.8%), the IL was extended by
1–2.5 cm beyond the initial incision, for extraction of a
bulky specimen (n=4) or exchange of the SILS™ device
for a GelPort® due to dislodgement (n=1) in a patient with
large abdominal girth. Other reports have described similar
incision lengths, ranging from 2–3.5 following the SILC
procedure.4,7,8,10,11,18 Although it may be expected that
the absence of multiple trocar-site incisions and an overall
smaller extraction-site incision following SILC would result
in improved cosmesis, we did not directly assess the

Table 2 Intraoperative parameters, pathology, and postoperative outcomes
Category

Parameter

SILC (n=24)

HALS (n=24)

Intraoperative

Umbilical incision length (cm)
Conversion (%)
EBL (mL)
OT (min)
Complications (%)
LN extraction (n=9)
LOS (days)
Complications (%)

3.3±1.1 (range, 2–6)a
12.5%
62.5±37.6
143.2±37.2
0.0%
24.6±12.3
2.7±0.8
8.3%

6.6±2.1 (range, 5–11)b
0.0%
90.6±60.6
112.8±44.8
0.0%
18.6±5.7
3.3±1.1
0.0%

Pathology
Postoperative

p value
c

,
NS,
NS,
c
,
NS,
NS,
c
,
NS,

p<0.00001
p<0.083
p<0.06
p<0.0004
p<1.0
p<0.22
p<0.02
p<0.15

EBL estimated blood loss, HALS hand-assisted laparoscopic surgery, LN lymph node, LOS length of stay, NS not significant, OT total operative
time, SILC single-incision laparoscopic colectomy
a

n=21

b

n=17

c

Significant difference
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patients’ perceptions of their incisions. Establishing a
validated questionnaire to address this outcomes measure will
be an important consideration when comparing SILC to
established MIS procedures. In addition to the known benefit
of improved cosmesis, we believe that a smaller single incision
provides the potential for diminished postoperative pain.
On average, the SILC technique required 30 min longer
to complete compared with the HALS technique. We did
not utilize flexible (articulating) instruments as they were
not readily available, would have added additional cost, and
were not required to complete the procedure. With more
complex procedures and advances in technology, utilization
of such instrumentation may be warranted. Since the
surgeons in this series only recently adopted the SILC
technique, it is plausible that the SILC OT may diminish
with increased experience. It is further noted that the HALS
cases in this study were completed after each surgeon
had gained competence with the technique. In addition,
previous studies have found HALS to require shorter OT
compared with CLS.15 Thus, one may expect similar
findings when comparing HALS to SILC.
For each technique, the postoperative complication rate
and perioperative mortality rate were low. For one patient in
the SILC group, a postoperative flexible sigmoidoscopy
revealed bleeding at the ileorectal anastomosis and an
endoscopic clip (Olympus, Center Valley, PA) was placed
across the anastomosis at the site of bleeding. A second
patient in the SILC group experienced a wound infection
that was managed with local wound care. No postoperative
complications were encountered in the HALS group. A
single postoperative mortality occurred in the SILC group a 52 year-old female with extensive pulmonary and hepatic
metastatic disease who underwent a palliative resection for
cecal obstruction. Her operation was completed in 100 min
without any adverse events; however, her postoperative
course was complicated by respiratory failure, for which
supportive care was voluntarily withdrawn.
We analyzed the pathology results for the nine patients
in each group (37.5%) with malignant disease to assess the
adequacy of the oncologic resections. Neither technique
hindered the ability to extract an adequate number of lymph
nodes, as evidenced by a median lymph node extraction of
19 in the SILC group and 17 in the HALS group. These
values exceeded the median values of 10 and 12 reported
for laparoscopic technique in national randomized studies
comparing open to laparoscopic approach for colectomy19–21.
To further enumerate additional parameters such as singleincision site (“port-site”) recurrence, long-term follow up will
be required.
Mean length of hospital stay following SILC and HALS
was 2.7 and 3.3 days, respectively (p<0.02). Although
statistically significant, we did not evaluate whether this
reduction in LOS resulted in an economic benefit, an

important consideration for future studies, following the
single-incision technique. Both groups were placed on
identical postoperative recovery pathways, which included
early feeding and ambulation, absence of a nasogastric
tube, early removal of Foley catheter, and additional quality
measures. Patients were discharged following evidence of
bowel activity, either passage of flatus or bowel movements, and absence of abdominal strain or distention. The
significant difference between the two groups may be
attributed to diminished pain from decreased trauma and
incision size with SILC, leading to earlier return of bowel
function. In reports comparing HALS to CLS, patients were
likely to experience more pain14–16 and early postoperative
bowel obstruction14 with the HALS technique. It should be
noted, however, that these parameters were not primary
outcomes of this study.
Conversion was required in three SILC cases. In one
patient, lengthening of the incision for specimen extraction
resulted in inability to reestablish pneumoperitoneum with
the SILS™ device, and thus the GelPort® was introduced
to complete the procedure with hand-assisted technique.
The second conversion to HALS was required for additional mobilization of the transverse colon for a tension-free
ileocolic anastomosis. In the third conversion, two auxiliary
ports were placed outside of the single incision to facilitate
primary suture closure of colorectal anastomosis following
a positive air insufflation test. Conversion to open technique was not required for these three cases, which reflects
the ability to maintain a minimally invasive platform and
avoid the negative outcomes associated with open conversions, such as prolonged LOS22 and increased postoperative morbidity.23
Many of the SILC cases involved lysis of adhesions
before proceeding to mobilization of the colon and these
procedures were able to be completed safely through a
single incision. In a study of 430 CLS colorectal procedures, adhesions were determined to be a specific indication
for conversion, accounting for 30% of conversions to open
technique.24 Given that 50% of patients undergoing HALS
and 41.7% of patients undergoing SILC had undergone
previous abdominal surgery, the results of this study
indicate that surgeons should not be dissuaded from using
either minimally invasive approach to perform colectomy in
such patients.

Conclusion
Single-incision laparoscopic colectomy can be utilized for
surgical resection of benign or malignant disease of the
colon. When compared with hand-assisted laparoscopic
surgical technique, single-incision laparoscopic colectomy
resulted in smaller incision length and shorter length of
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hospital stay at the expense of longer operative time.
Furthermore, single-incision procedures that prove to be
complex can be salvaged with hand-assisted or multiport
technique rather than conversion to an open approach. With
increased adoption of the single-incision technique, shorter
operative times and fewer conversions may be realized.
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