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Purpose: This study compared the perioperative clinical outcomes of reduced-port laparoscopic surgery (RPLS) with 
those of conventional multiport laparoscopic surgery (MPLS) for patients with sigmoid colon cancer and investigated the 
safety and feasibility of RPLS performed by 1 surgeon and 1 camera operator.
Methods: From the beginning of 2010 until the end of 2014, 605 patients underwent a colectomy for sigmoid colon can-
cer. We compared the characteristics, postoperative outcomes, and pathologic results for the patients who underwent 
RPLS and for the patients who underwent MPLS. We also compared the clinical outcomes of single-incision laparoscopic 
surgery (SILS) and 3-port laparoscopic surgery.
Results: Of the 115 patients in the RPLS group, 59 underwent SILS and 56 underwent 3-port laparoscopic surgery. The 
MPLS group included 490 patients. The RPLS group had shorter operating time (137.4 ± 43.2 minutes vs. 155.5 ± 47.9 
minutes, P < 0.001) and shorter incision length (5.3 ± 2.2 cm vs. 7.8 ± 1.2 cm, P < 0.001) than the MPLS group. In analy-
ses of SILS and 3-port laparoscopic surgery, the SILS group showed younger age, longer operating time, and shorter inci-
sion length than the 3-port surgery group and exhibited a more advanced T stage, more lymphatic invasion, and larger tu-
mor size.
Conclusion: RPLS performed by 1 surgeon and 1 camera operator appears to be a feasible and safe surgical option for the 
treatment of patients with sigmoid colon cancer, showing comparable clinical outcomes with shorter operation time and 
shorter incision length than MPLS. SILS can be applied to patients with favorable tumor characteristics.

Keywords: Reduced-port laparoscopic surgery; Sigmoid colon cancer; Colectomy; One surgeon plus one camera operator sur-
gery; Three-port surgery

INTRODUCTION

The laparoscopic colectomy is being performed with increasing 
frequency worldwide. Several randomized clinical trials have con-

firmed that a laparoscopic colectomy for the treatment of patients 
with colon cancer is safe and has better results compared to open 
surgery. The advantages of a laparoscopic colectomy over open 
surgery are less postoperative pain, shorter hospital stays, and bet-
ter cosmesis, while achieving similar long-term results [1-3]. 
Thus, the laparoscopic colectomy has been accepted as a standard 
procedure in colorectal surgery. 

In the field of colorectal surgery, multiport laparoscopic surgery 
(MPLS) is as widely accepted as conventional laparoscopic sur-
gery. Since the acceptance of laparoscopic colectomy as the pre-
ferred approach, surgeons and industry sponsors have explored 
options to lessen the trauma associated with the traditional multi-
port approach by reducing port size and, more recently, introduc-
ing single-incision laparoscopic surgery (SILS). In order to reduce 
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surgical invasiveness and improve cosmesis, surgeons skilled in 
conventional laparoscopic and endoscopic surgery have recently 
developed more advanced SILS techniques, as well as natural ori-
fice transluminal endoscopic surgery (NOTES). SILS is a feasible 
procedure for several abdominal operations, such as a cholecys-
tectomy [4, 5], an appendectomy [6], urologic surgery [7], and a 
colectomy [8]. However, SILS requires a long operating time, ex-
perienced surgeons, and advanced surgical techniques due to 
technical difficulties, including the overlap of laparoscopic instru-
ments and the limitation of triangular tissue traction [9, 10]. 

Creating an appropriate operative field is important because 
colorectal surgery is a plane-based procedure. Triangulation pro-
duced by traction and countertraction is the basis for establishing 
adequate visualization in all stage of the procedure. Therefore, we 
attempted 3-port laparoscopic surgery with 1 surgeon and 1 cam-
era operator. The present study aimed to compare the periopera-
tive clinical outcomes of reduced-port laparoscopic surgery 
(RPLS) with those of conventional MPLS for patients with sig-
moid colon cancer and to investigate the safety and feasibility of 
RPLS performed by 1 surgeon and 1 camera operator.

METHODS

Patients
The prospectively collected data on 749 consecutive patients with 
sigmoid colon cancer who underwent a minimally invasive colec-
tomy at the National Cancer Center (NCC) from the beginning of 
January 2010 to the end of December 2014 were retrospectively 
reviewed. We excluded 144 patients: 121 with combined opera-
tions, 35 with open conversions and 28 with double primary can-
cer; some patients were in multiple categories. The remaining 605 
patients were enrolled in the study. This study was approved by 
the Institutional Ethnics Review Board of the National Cancer 
Center (NCC2017-0001). Informed consent of the patients is not 
required for this type of study.

MPLS with 4 to 5 ports to complete the operation was per-
formed on 490 patients. Application of RPLS was determined by 
the preference of each surgeon according to tumor size and status 
of the lymph nodes on preoperative imaging. Accordingly, 115 
patients underwent RPLS, including 59 patients who underwent 
SILS and 56 who underwent 3-port laparoscopic surgery (Fig. 1). 
The SILS group also contained 5 SILS+1 cases, each of which re-
quired one additional port. All operations were carried out at the 
NCC. 

Patients’ demographic characteristics and perioperative vari-
ables, operative time, estimated blood loss, tumor size, lengths of 
proximal and distal resection margins, length of incision, number 
of harvested lymph nodes, and number of positive lymph nodes, 
were evaluated. The patient’s general preoperative status was as-
sessed using the American Society of Anesthesiology (ASA) 
physical status classification system. The operation time was cal-
culated as the time from first incision to wound closure. The 

short-term surgical outcomes included severity of postoperative 
pain, time to first flatus and bowel movement, length of hospital 
stay, and postoperative complications. The pain score was as-
sessed using a visual analogue scale (VAS) on the first postopera-
tive day. Postoperative complications were classified according to 
the Clavien-Dindo Classification [11].

Surgical techniques
The surgeries included were an anterior rectosigmoidectomy, low 
anterior resection, or left hemicolectomy. We defined RPLS as in-
cluding SILS and 3-port surgery. In SILS, a vertical 3-cm incision 
was made in the umbilicus and a SILS port (Covidien, Norwalk, 
CT, USA) was placed at the site. The procedure was performed 
using a surgical technique similar to standard laparoscopy, with 
traditional laparoscopic instruments, except that it was conducted 
through a single transumbilical port. In the 3-port surgery, the 
first 11-mm port for the scope was inserted at the umbilicus. An 
additional 12-mm port was inserted in the right lower abdomen, 
and a 5-mm port was inserted in the right upper abdomen (Fig. 
2). In MPLS, 1 or 2 additional ports, which were manipulated by 
the assistant surgeon, were inserted as needed. After the umbilical 
and additional ports had been inserted, the operating table was 
placed in the Trendelenburg position and tilted to the side oppo-
site the tumor. Laparoscopic electrocautery was used to dissect 
the peritoneum beginning at the root of the mesocolon while pre-
serving the posterior mesocolic fascia, with mobilization of the 
colon from the medial to the lateral side. A vessel-sealing device 
or clip was used to ligate the main supply vessels. The left gonadal 
vessels and ureter were preserved. After the left colon had been 

Fig. 1. Patient inclusion criteria and group classification. RPLS, re-
duced-port laparoscopic surgery; MPLS, multiport laparoscopic sur-
gery; SILS, single port laparoscopic surgery.
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retracted to the right side, the remaining lateral peritoneal attach-
ments were divided. The umbilical incision or right lower abdo-
men port site was extended for specimen extraction. The anasto-
mosis was performed using a circular stapler. Finally, a drainage 
tube was placed in the pelvic space through a port site.

Statistical analysis
Statistical analysis was performed using SPSS ver. 14.0 (SPSS Inc., 
Chicago, IL, USA). The Student t-test and Mann-Whitney test 
were used to compare continuous variables between the 2 groups 
for each parametric and nonparametric variable. Categorical data 
were expressed as percentages and were compared using the chi-

square test or Fisher exact test. We considered a P-value of 0.05 or 
less to be statistically significant.

RESULTS

During the study period, of the 605 included patients, 115 (19.0%) 
with sigmoid colon cancer underwent treatment with RPLS and 
490 (81%) underwent treatment with MPLS. Of the 115 patients 
that underwent RPLS, 59 underwent SILS and 56 underwent 
3-port laparoscopic surgery. The demographic characteristics of 
the patients in the 2 groups, RPLS and MPLS, are shown in Table 
1. No statistically significant differences were observed according 

Fig. 2. Port or trocar placement. SILS, single port laparoscopic surgery; MPLS, multiport laparoscopic surgery.

SILS Three-port laparoscopic surgery

3-cm SILS port

5-mm trocar
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12-mm trocar 12-mm trocar

MPLS

Table 1. Patients’ demographic characteristics

Variable
RPLS vs. MPLS

P-value
SILS vs. 3-Port

P-value
RPLS (n = 115) MPLS (n = 490) SILS (n = 59) 3-Port (n = 56)

Age (yr) 61.0 ± 10.8 62.0 ± 10.9 0.351 58.3 ± 11.2 63.8 ± 9.8 0.007*

Sex

   Male 61 (53.0) 308 (62.9) 0.052 30 (50.8) 31 (55.4) 0.628

   Female 54 (47.0) 182 (37.1) 29 (49.2) 25 (44.6)

Body mass index (kg/m2) 24.3 ± 3.7 24.1 ± 3.1 0.454 24.3 ± 3.8 24.4 ± 3.5 0.914

ASA PS classificaton

   I–II 113 (98.3) 476 (97.1) 0.501 59 (100) 54 (96.4) 0.143

   III 2 (1.7) 14 (2.9) 0 (0) 2 (3.6)

History of abdominal surgery 24 (20.9) 128 (26.1) 0.231 14 (23.7) 10 (17.9) 0.439

Preoperative CEA level (ng/mL) 25.6 ± 209.3 8.7 ± 52.8 0.393 3.7 ± 4.1 48.4 ± 298.3 0.267

Values are presented as mean ± standard deviation or number (%).
RPLS, reduced-port laparoscopic surgery; MPLS, multiport laparoscopic surgery; SILS, single-incision laparoscopic surgery; 3-Port, 3-port laparoscopic surgery; BMI, 
body mass index; ASA PS, American Society of Anesthesiology physical status; CEA, carcinoembryonic antigen.
*P < 0.05.
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to mean age, sex, mean body mass index, ASA physical status 
classification, history of abdominal operations, or preoperative 
carcinoembryonic antigen concentration between the 2 groups.

Table 2 presents the perioperative results for the RPLS and the 

MPLS groups. No differences in estimated blood loss volume, tu-
mor size, proximal resection margin, number of harvested lymph 
nodes or number of positive lymph nodes were found. The mean 
distal resection margins in the RPLS and the MPLS groups were 

Table 2. Perioperative results

Variable
RPLS vs. MPLS

P-value
SILS vs. 3-Port

P-value
RPLS (n = 115) MPLS (n = 490) SILS (n = 59) 3-Port (n = 56)

Operative time (min) 137.4 ± 43.2 155.5 ± 47.9 <0.001* 150.2 ± 51.1 124.0 ± 27.6 0.001*

Estimated blood loss (mL) 79.1 ± 87.9 76.5 ± 73.0 0.767 78.6 ± 80.4 79.6 ± 96.0 0.957

Tumor size (cm) 3.8 ± 2.1 4.2 ± 2.1 0.058 3.3 ± 2.2 4.2 ± 1.9 0.037*

Proximal resection margin (cm) 8.1 ± 3.7 8.8 ± 5.7 0.238 8.0 ± 3.5 8.2 ± 4.0 0.700

Distal resection margin (cm) 4.4 ± 2.3 5.4 ± 3.5 0.001* 4.5 ± 2.2 4.4 ± 2.4 0.949

Length of incision (cm) 5.3 ± 2.2 7.8 ± 1.2 <0.001* 4.2 ± 2.6 6.4 ± 1.0 <0.001*

No. of harvested lymph nodes 23.4 ± 11.6 23.6 ± 10.3 0.836 21.4 ± 10.4 25.5 ± 12.6 0.058

   <12 7 (6.1) 19 (3.9) 0.293 4 (6.8) 3 (5.4) 0.750

   ≥12 108 (93.9) 471 (96.1) 55 (93.2) 53 (94.6)

No. of positive lymph nodes 1.4 ± 2.3 1.4 ± 2.5 0.993 1.3 ± 2.4 1.6 ± 2.2 0.411

Values are presented as mean ± standard deviation or number (%).
RPLS, reduced-port laparoscopic surgery; MPLS, multiport laparoscopic surgery; SILS, single-incision laparoscopic surgery; 3-Port, 3-port laparoscopic surgery.
*P < 0.05.

Table 3. Pathologic data

Variable
RPLS vs. MPLS

P-value
SILS vs. 3-Port

P-value
RPLS (n = 115) MPLS (n = 490) SILS (n = 59) 3-Port (n = 56)

Depth of invasion 0.150 <0.001*

   T1–2 46 (40.0) 161 (32.9) 33 (55.9) 13 (23.2)

   T3–4 69 (60.0) 328 (67.1) 26 (44.1) 43 (76.8)

Lymph node metastasis 0.319 0.077

   Negative 59 (51.3) 276 (56.4) 35 (59.3) 24 (42.9)

   Positive 56 (48.7) 213 (43.6) 24 (40.7) 32 (57.1)

Distant metastasis 0.883 0.328

   M0 114 (99.1) 485 (99.0) 58 (98.3) 56 (100.0)

   M1 1 (0.9) 5 (1.0) 1 (1.7) 0 (0.0)

Lymphatic invasion 0.434 0.014*

   Negative 28 (24.3) 137 (28.0) 20 (33.9) 8 (14.3)

   Positive 87 (75.7) 353 (72.0) 39 (66.1) 48 (85.7)

Venous invasion 0.925 0.428

   Negative 74 (64.3) 313 (63.9) 40 (67.8) 34 (60.7)

   Positive 41 (35.7) 177 (36.1) 19 (32.2) 22 (39.3)

Perineural invasion 0.368 0.080

   Negative 69 (60.0) 316 (64.5) 40 (67.8) 29 (51.8)

   Positive 46 (40.0) 174 (35.5) 19 (32.2) 27 (48.2)

Values are presented as number (%).
RPLS, reduced-port laparoscopic surgery; MPLS, multiport laparoscopic surgery; SILS, single-incision laparoscopic surgery; 3-Port, 3-port laparoscopic surgery.
*P < 0.05. 
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4.4 ± 2.3 and 5.4 ± 3.5 cm, respectively (P = 0.001), and the mean 
lengths of incision were 5.3 ± 2.2 and 7.8 ± 1.2 cm, respectively (P < 
0.001). The operating times were significantly shorter in the RPLS 
group than in the MPLS group (P < 0.001). Additionally, all path-
ological data were similar between the 2 groups (Table 3).

The patients’ short-term outcomes are presented in Table 4. The 
VAS scores on the first postoperative day were not significantly 
different between the groups. The time to first flatus (2.6 days for 
the RPLS group vs. 2.4 days for the MPLS group) and the length 
of postoperative stay (9.1 days for the RPLS group vs. 8.8 days for 
the MPLS group) were similar for the 2 groups. No difference in 
complication grade was noted between these 2 groups.

In the subgroup analysis of the RPLS group, we compared the 
clinical outcomes of SILS and 3-port laparoscopic surgery. The 
demographic data of these 2 groups are shown in Table 1. The pa-
tients in the SILS group were younger than those in the 3-port 
laparoscopic surgery group (P = 0.007). Table 2 presents the peri-
operative results for these 2 groups. The operating times were sig-
nificantly shorter in the 3-port laparoscopic surgery group than in 
the SILS group (P = 0.001). The size of the tumor was significantly 
larger in the 3-port laparoscopic surgery group (P = 0.037), and 
the length of incision was significantly shorter in the SILS group 
(P < 0.001). Table 3 presents the pathologic data for these 2 
groups. The 3-port surgery group correlated to more advanced T 
stage (P < 0.001) and more lymphatic invasion (P = 0.014). No 
significant differences in short-term outcomes, including maxi-
mal VAS pain scores, time to first flatus, length of hospital stay, or 
postoperative complications, were observed between these 2 
groups (Table 4).

DISCUSSION

Our results support the evidence that surgery for sigmoid colon 

cancer can be performed using RPLS without compromise to the 
early surgical outcome. RPLS for the treatment of patients with 
sigmoid colon cancer may confer additional advantages, such as 
reduced operating time and length of incision, over conventional 
multiport surgery.

Conventional laparoscopic surgery is usually performed using 4 
or 5 ports, and one of the port sites is extended by 4 to 6 cm for 
specimen extraction. An assistant plays an important role in mak-
ing an accurate dissection plane with traction and countertraction 
during surgery. However, the conventional 5-port technique has 
some disadvantages. Because the camera view for the assistant is a 
mirror image, the movements of instruments can confuse the as-
sistant and may cause involuntary injuries while handling tissues.

SILS is a simple extension of conventional laparoscopic surgery 
and, unlike NOTES and robotic surgery, does not require new in-
struments. In addition, it can produce better cosmetic results than 
a conventional laparoscopic colectomy [12]. However, SILS has 
not been widely adopted as a surgical option for a colectomy due 
to the limitations of triangular traction and instrument move-
ment [9, 10]. Therefore, SILS requires an experienced surgeon to 
overcome the technical difficulties of triangular tissue traction, 
pneumoperitoneum leakage, and overlapping instruments [13].

In an attempt to overcome the difficulties of SILS, we performed 
a 3-port technique that combined some advantages of conven-
tional laparoscopy and SILS as a way to improve reduced-port 
surgery for patients with colorectal cancer. The surgeon was on 
the right when mobilizing and dissecting the left colon, and the 
camera operator was to the left side of the surgeon during surgery. 
In most cases, dissection and mobilization were performed from 
the medial side to the lateral side. In our study, all the surgical 
procedures were performed in a similar fashion to a conventional 
laparoscopic colectomy. The resection margins were all clear, and 
both the mean distances of the proximal and the distal margins 

Table 4. Short-term surgical outcomes

Variable
RPLS vs. MPLS

P-value
SILS vs. 3-Port

P-value
RPLS (n = 115) MPLS (n = 490) SILS (n = 59) 3-Port (n = 56)

Maximal VAS pain score 4.6 ± 1.5 4.6 ± 1.7 0.807 4.8 ± 1.6 4. 5± 1.5 0.290

Time to first flatus (day) 2.6 ± 1.0 2.4 ± 1.0 0.070 2.8 ± 1.0 2.5 ± 1.0 0.152

Hospital stay (day) 9.1 ± 3.6 8.8 ± 3.2 0.374 9.2 ± 4.3 9.0 ± 2.6 0.841

Postoperative complications 16 (13.9) 47 (9.9) 0.208 11 (18.6) 5 (8.9) 0.132

Complication grade

   None 99 (86.0) 429 (90.1) 0.171 48 (81.3) 51 (91.1) 0.360

   I 10 (8.7) 18 (3.8) 6 (10.2) 4 (7.1)

   II 5 (4.4) 24 (5.0) 4 (6.8) 1 (1.8)

   III 1 (0.9) 5 (1.1) 1 (1.7) 0 (0)

   IV 0 (0) 0 (0) 0 (0) 0 (0)

Values are presented as mean ± standard deviation or number (%).
RPLS, reduced-port laparoscopic surgery; MPLS, multiport laparoscopic surgery; SILS, single-incision laparoscopic surgery; 3-Port, 3-port laparoscopic surgery; VAS, vi-
sual analogue scale. 
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and the median number of harvested lymph nodes were accept-
able. Compared with MPLS, the postoperative complications of 
SILS, such as bleeding, leakage, and stricture of the anastomosis 
site, were comparable. 

The surgical technique with one surgeon using three ports and 
one camera operator has several advantages. As in previous stud-
ies, minimizing the number of ports can reduce procedural inva-
siveness [14, 15]. The entire procedure is coordinated by the pri-
mary surgeon, thus avoiding dangerous situations caused by un-
skilled assistants. Removing the 2 trocars as working ports for the 
assistant can minimize the postoperative risk of morbidity, such 
as bleeding, infections, and hernia formation at the trocar sites 
[16, 17]. Decreasing intraoperative trauma and visible scarring 
during surgery increases patient satisfaction. 

In this study, we examined the technical feasibility of RPLS, in-
cluding 3-port laparoscopic surgery and SILS, in terms of its 
short-term surgical outcome. The surgical outcome of RPLS was 
comparable to that of a conventional laparoscopic colectomy ex-
cept for its operative time, which was paradoxically shorter, indi-
cating that the surgeon’s expertise might have greater influence on 
the duration of the surgery than the number of ports. Our insti-
tute has identified the learning curves for a laparoscopic sigmoid-
ectomy from the experiences of three surgeons. Through that 
study, learning curves generated using a cumulative sum analysis 
based on a 90% success rate showed that adequate learning oc-
curred after 10 cases for surgeon A, 17 cases for surgeon B, and 5 
cases for surgeon C. The moving average learning curves for all 3 
surgeons showed that the operation time gradually decreased 
with increasing experience, ultimately reaching a steady state after 
approximately 42 procedures for surgeon A, 35 for surgeon B, and 
30 for surgeon C [18]. All surgeons that participated in this study 
had performed sufficient surgery beyond the learning curve. The 
results of this study indicate that RPLS is technically feasible when 
appropriate surgical techniques are applied and the patients are 
selected appropriately.

In subgroup analyses of the RPLS group, the operating times 
were significantly shorter in the 3-port laparoscopic surgery 
group than the SILS group, despite the member of the former 
group being older and having larger tumor size, more advanced 
T-stage and more lymphatic invasions. This result may be due to 
the better operation field, which facilitates better movements of 
the instruments in 3-port laparoscopic surgery than in SILS. Ad-
ditionally, no significant differences in short-term outcomes were 
found between the 2 groups. Based on the subgroup analyses, we 
suggest that 3-port laparoscopic surgery is better than SILS in sev-
eral aspects.

The actual difference between MPLS and RPLS is only one or 
two 5-mm ports, so we can conclude that the benefits of RPLS for 
surgical invasiveness are subtle. However, a significant difference 
between the 2 procedures is that 2 surgeons are required to per-
form MPLS versus one surgeon to perform RPLS. Usually, MPLS 
is performed by 1 surgeon, 1 assistant surgeon, and 1 camera op-

erator, so 2 surgeons are required. In contrast, only 1 surgeon is 
required for performing RPLS. Therefore, we conclude that RPLS 
will play a substantial role in 1-surgeon laparoscopic colectomies.

The limitations of our study should be pointed out. First, all the 
operations considered in this study were conducted by 6 sur-
geons, but the results did not reflect the differences among the 
surgeons by experience or capability. Although such differences 
were not considered, we assumed that this would not affect the 
results because the lesions were confined to the colon, so the pro-
cedure was generalized, and all surgeons involved in this study 
had sufficient experience. Second, the effect of the camera opera-
tor’s ability on the surgical outcome was not evaluated. Thus, fur-
ther study should be conducted on the impact of the experience 
of the surgeon and that of the camera operator on the surgery. 
Third, the criteria for performing a surgical procedure for each 
group were arbitrary. Application of RPLS was determined by 
surgeon’s preference based on tumor size and status of the lymph 
nodes on preoperative imaging. No significant differences in de-
mographic characteristics of the patients between the MPLS and 
the RPLS groups were observed. In contrast, a comparison of the 
SILS group with the 3-port surgery group showed that the pa-
tients in the SILS group tended to be younger and to have less ad-
vanced cancers. Additionally, the present study was designed to 
assess the short-term outcomes and surgical quality after tailored 
laparoscopic approaches and was carried out at a single institu-
tion. Furthermore, it was retrospective in nature, and the inclu-
sion criteria resulted in a population of selected patients. There-
fore, a larger prospective study of the short- and the long-term 
outcomes of RPLS and MPLS is needed to demonstrate the bene-
fits of RPLS over MPLS.

In conclusion, the results of this study provide further evidence 
supporting the feasibility of RPLS for the treatment of patients 
with sigmoid colon cancer. We have demonstrated that RPLS, in-
cluding reduced- or single-port laparoscopy, without assistant 
surgeons appears to be feasible and safe. No significant differences 
in the perioperative results, pathological data, or postoperative 
surgical outcomes were observed between the reduced-port 
group and the conventional groups. In addition, the subgroup 
analyses demonstrated that SILS could be applied to patients with 
favorable tumor characteristics.
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