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Purpose. Reduced port laparoscopic surgery application to colorectal
cancer remains debatable because of questions on its feasibility and lack
of benefits. Our study aimed to compare the overall characteristics with
those of conventional laparoscopic colectomy and explored the effect of
the three-dimensional video system

Methods. This single-center, retrospective cohort study included patients
who underwent laparoscopic resection for colorectal cancer between No-
vember 2017 and August 2021. Detailed information was retrieved from
the Kaohsiung Veterans General Hospital.

Results. In total, 509 patients underwent reduced port laparoscopic sur-
gery and 197 underwent conventional Multiple-port laparoscopic surgery.
The reduced port and the 3D group had shorter operative times (217.57 vs.
289.93 minutes, 223.29 vs. 257.36 minutes, respectively; both p <0.001)
but harvested more lymph nodes (24.92 vs. 22.6 lymph nodes harvested, p
=0.0097; 25.57 vs. 22.52 lymph nodes harvested, p = 0.0003). The patho-
logical and oncological outcomes were not statistically significant. The
reduced port group had a smaller maximum Visual Analogue Scale score
(2.79 vs. 3.35, p=0.0012) and fewer postoperative complications (0.3 vs.
0.85, p=0.0002).

Conclusions. Reduced port laparoscopic surgery has advantages in terms
of reduced operating time, lower Visual Analogue Scale scores, more har-
vested lymph nodes, and fewer complications. It is worthy to attempt with
three-dimensional video system assisted.

[J Soc Colon Rectal Surgeon (Taiwan) 2025;36:16-23]

Laparoscopic colorectal surgery is now well-es-
tablished, and when compared with open sur-
gery, results in short-term benefits while maintaining
equivalent long-term outcomes.' Studies have described
that reducing the number of ports in the procedure
does not affect its safety, but further enhances the ad-

vantages of laparoscopy over traditional open sur
gery.”” Many surgeons have challenged the impor-
tance of the use of additional trocars. Single-incision
surgery was introduced in the late 1990s, after the de-
velopment of special instruments designed for single-
port surgery. First, simple procedures such as hyster-
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ectomy, appendectomy, and cholecystectomy were at-
tempted.*® Single-incision laparoscopic surgery (SILS)
for colectomy was first reported by Remzi and Bucher
in 2008."* However, SILS is not very popular among
surgeons due to the technical demand, selectivity of
patients, and lack of dramatic clinical advantages, as
seen in the advent of the laparoscopic technique over
open surgery.’

Therefore, some surgeons advocate for the con-
cept of “reduced port” which requires fewer trocars
compared to conventional laparoscopic colectomy.
Reduced port laparoscopic surgery (RPLS) was deemed
the “bridge” between SILS and conventional laparo-
scopic colectomy.'*!?

However, RPLS application to colorectal cancer
remains debatable because of questions on its feasibil-
ity and lack of benefits. Our study aimed to compare
the overall characteristics of RPLS colectomy with
those of conventional laparoscopic colectomy. We also
explored the effect of the three-dimensional video
system on the quality of the stereoscopic view and
ability to perform RPLS, shortening the learning curve
required for surgeons to effectively use these methods.

Methods and Materials

We conducted a retrospective cohort study of 712
patients diagnosed with colorectal cancer who under-
went laparoscopic colectomy and proctectomy at Kao-
hsiung Veterans General Hospital over 4 years from
November 2017 to April 2021. The inclusion criteria
were (1) pathological diagnosis of colorectal cancer
and (2) laparoscopic colectomy. The exclusion crite-
ria were (1) converted to exploratory surgery for any
reason and (2) missing data (Figs. 1, 2). Information
was collected from individual medical records. Retro-
spectively reviewed data contained demographic in-
formation, such as age, sex, body mass index (BMI),
American Society of Anesthesiologist (ASA) score,
preoperative carcinoembryonic antigen level, and past
abdominal surgical history. Perioperative characteris-
tics such as operation time, three-dimensional (3D)
video system or traditional two-dimensional (2D) vi-
deo system, trocar number, blood loss amount, tumor

size, surgical margin, number of harvested lymph nodes,
and pathological stage were also included. Postopera-
tive characteristics included the visual analog scale
(VAS) score, time to flatus, length of hospitalization,
complication rate, and recurrence rate.

We defined RPLS as surgeries with total trocar
numbers < 3, and multiple-port laparoscopic surgery
(MPLS) as surgeries with total trocar numbers > 3. Pa-
tients were categorized into three groups each based on
their body mass indexes (BMIs) (< 18.5, 18.5-24, and
> 24 kg/m?) to analyze the impact of BMI on surgical
outcome, and according to tumor location (rectum, left
side colon, and right side colon) to evaluate the differ-
ence between tumor locations and surgical methods.

Statistical analysis was conducted using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
For comparative statistics, Chi-square test, ANOVA
and Tukey’s HSD were used. Statistical significance
was set at p <0.05.

Results

Between November 2017 and August 2021, 712

712 patients from
2017/11to 2021/04

ﬂ —_— ’ 6 patients excluded

‘ 706 patients included ‘

|
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509 197
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Fig. 1. Study flow chart (RPLS versus MPLS).

712 patients from
2017/11to 2021/04
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Fig. 2. Study flow chart (2D versus 3D).
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patients who underwent laparoscopic colectomy were
identified retrospectively. Six patients were excluded
owing to missing data or conversion to open surgery.

Baseline characteristics

Patient demographics are presented in Table 1. In
total, 197 patients underwent RPLS and 509 under-
went conventional MPLS. A total of 406 patients un-
derwent laparoscopic colectomy with the assistance
of a 3D video system, and 300 patients underwent la-
paroscopic colectomy with a traditional 2D video
system.

The demographic data observed between the two
groups showed no statistical significance, except for

the RPLS group had previously undergone abdominal
surgery (79 [15.52%] vs. 67 [34.1%] patients, p <
0.001).

Perioperative outcomes

Perioperative data are listed in Table 2, which re-
veals differences in the operative time and number of
harvested lymph nodes between the groups. The RPLS
group and the 3D group had shorter operative times
(217.57 vs. 289.93 minutes, 223.29 vs. 257.36 min-
utes, respectively; both p < 0.001) but harvested more
lymph nodes (24.92 vs. 22.6 lymph nodes harvested,
p=0.0097; 25.57 vs. 22.52 lymph nodes harvested, p
=0.0003).

mean age and history of abdominal surgery. Patients
in the RPLS (63.26 vs. 65.76 years, p =0.017) and 3D
video system groups (62.86 vs. 65.44 years, p =0.017)
were younger in age as compared to patients in the
MPLS and 2D video system groups. Fewer patients in

Table 1. Patients’ characteristics

Pathologic and oncologic outcomes

The pathological and oncological outcomes are
presented in Table 3. The differences in pathological

RPLS versus MPLS

2D versus 3D

Variable* " -
RPLS (n=509) MPLS (n=197) p-value' 2D (n=300) 3D (n=406) p-value'
Age (year) 63.26 +13.36 65.76 £ 12.07 0.0170 65.44 £ 13.15 62.86 +12.89  0.0170
Sex 0.3980 0.4862
Male 274 (53.83) 113 (57.36) 169 (56.33) 218 (53.69)
Female 235 (46.17) 84 (42.64) 131 (43.67) 188 (46.31)
BMI (kg/m®) 24.07 £3.95 24.27+9.47 24.33+7.97 23.97+4.01
ASA PS classification 0.6350 0.0936
I-IT 424 (83.30) 167 (84.77) 243 (81.00) 348 (85.71)
I 85 (16.70) 30 (15.23) 57 (19.00) 58 (14.29)
History of abdominal surgery 79 (15.52) 67 (34.01) <0.001 62 (20.67) 84 (20.69) 0.9941
Preoperative 163.14 £ 1,604.31 55.11£343.28  0.1600 101.77 £ 602.58 155.80 = 1,734.43 0.1600

ASA, American Society of Anesthesiologist; BMI, body mass index; MPLS, multiple-port laparoscopic surgery; RPLS, reduced port

laparoscopic surgery.

Table 2. Perioperative results

RPLS versus MPLS 2D versus 3D

Variable* ~

RPLS (n=509) MPLS (n=197) p-value' 2D (n=300) 3D (n=406) p-value'
Operative time (min) 217.57£74.33 289.93 £ 113.82 <0.001 25736 £98.80  22329+85.65 <0.001
Estimated blood loss (mL) 89.30 + 639.92 90.71 £161.18  0.9633 80.83 + 145.08 96.24 £ 714.54  0.6726
Tumor size (cm) 391+£221 3.93+2.31 0.9458 3.93+2.24 391+2.24 0.8783
Proximal resection margin (cm) 12.10 £ 6.02 12.18 £6.21 0.8664 12.77 £ 6.63 11.64 £5.58 0.0163
Distal resection margin (cm) 8.14 £6.36 8.39 £ 6.31 0.6330 8.11 £6.56 8.28 £6.19 0.7177
No. of harvested lymph nodes 2492 +11.45 22.60 £10.29  0.0097 22.52+10.78 25.57 £ 11.31 0.0003
No. of positive lymph nodes 1.93 £3.68 2.02 £3.50 0.7701 1.91£3.36 1.99 £3.82 0.7769

MPLS, multiple-port laparoscopic surgery; RPLS, reduced port laparoscopic surgery.
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and oncological outcomes between the two groups,
including the depth of invasion, regional lymph node
metastasis, distant metastasis, lymphatic invasion, and
perineural invasion, were not statistically significant.

Short-term outcomes

In terms of short-term outcomes, the RPLS group
had a smaller maximum VAS score (2.97 vs. 3.35, p =
0.0012) and fewer postoperative complications (0.3
vs. 0.85, p = 0.0002) than in the MPLS group (Table
4). There were no statistically significant differences

Table 3. Pathologic data

in the time to first flatus or length of hospital stay. In
contrast, the 3D model group had a smaller maximum
VAS score (3.02 vs. 3.29, p = 0.0211), but no statisti-
cally significant differences in terms of other short-
term outcomes compared to the 2D model group.

We categorized the eligible patients according to
their BMIs and analyzed the impact of BMI on surgi-
cal outcomes. No significant differences were found
in operative time (243.6, 232.8, and 253.54 min, re-
spectively; p = 0.845), complication rates (14.3%,
13.5%, and 16.7%, respectively; p =0.637), or time to
flatus (3.78, 3.72, and 3.82 days, respectively; p =

RPLS versus MPLS 2D versus 3D
Variable* 5
RPLS (n=509) MPLS (n=197) p-value' 2D (n=300) 3D (n=4006) p-value'
Depth of invasion 0.7455 0.7330
T1-2 151 (29.67) 56 (28.43) 90 (30.00) 117 (28.82)
T3-4 358 (70.33) 141 (71.57) 210 (70.00) 289 (71.18)
Lymph node metastasis 0.8073 0.1717
Negative 248 (48.72) 98 (49.75) 156 (52.00) 190 (46.80)
Positive 261 (51.28) 99 (50.25) 144 (48.00) 216 (53.20)
Distant 0.3518 0.2743
MO 389 (76.42) 157 (79.70) 226 (75.33) 320 (78.82)
M1 120 (23.58) 40 (20.30) 74 (24.67) 86 (21.18)
Lymphatic invasion 0.6422 0.6437
Negative 335 (65.82) 126 (63.96) 193 (64.33) 268 (66.01)
Positive 174 (34.18) 71 (36.04) 107 (35.67) 138 (33.99)
Perineural invasion 0.6619 0.4933
Negative 443 (87.03) 169 (85.79) 257 (85.67) 355 (87.44)
Positive 66 (12.97) 28 (14.21) 43 (14.33) 51 (12.56)
MPLS, multiple-port laparoscopic surgery; RPLS, reduced port laparoscopic surgery.
Table 4. Short-term surgical outcomes
RPLS versus MPLS 2D versus 3D
Variable* N
RPLS (n=509) MPLS (n=197) p-value' 2D (n=300) 3D (n=406)  p-value'
Maximum VAS score 297+1.17 3.35+£1.25 0.0012 3.29+1.30 3.02+1.15 0.0211
Time to first flatus (day) 3.76 £ 1.61 3.67£1.58 0.5349 3.66 £ 1.62 3.77£1.58 0.4946
Hospital stay (day) 13.09 £9.08 14.63 £ 9.83 0.0571 14.21 £10.41 13.00 + 8.40 0.0999
Postoperative complications 0.30 £ 1.10 0.85+1.95 0.0002 0.50 £ 1.53 0.41+£1.32 0.4342
Complication grade <0.0001 0.6010
None 455 (64.45) 151 (21.39) 252 (35.69) 354 (50.14)
I 17 (2.41) 20 (2.83) 18 (2.55) 19 (2.69)
11 11 (1.56) 16 (2.27) 15 (2.12) 12 (1.70)
111 21 (2.97) 7 (0.99) 12 (1.70) 16 (2.27)
v 5(0.71) 3(0.42) 3(0.42) 5(0.71)

MPLS, multiple-port laparoscopic surgery; RPLS, reduced port laparoscopic surgery; VAS, visual analog scale.
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0.58) among the three groups.

These patients were also classified according to
different tumor locations, indicative of different surgi-
cal methods. No significant differences were found in
the proportion of RPLS (54.1%, 52.4%, and 61.7%,
respectively; p = 0.138) or the 2D system (41.4%,
45%, and 40.5%, respectively; p = 0.565) among the
groups. Less operative time with the RPLS method
was observed in all three groups (212 vs. 303.6 min;
193 vs. 264.1 min; and 206.8 vs. 272.5 min, respec-
tively; all p < 0.005). In addition, less blood loss (53
vs. 86 mL, RPLS vs. MPLS, p =0.007) was observed
with the RPLS method in the right side colon group.
No statistically significant differences were found in
other indexes between the RPLS and MPLS techni-
ques, irrespective of the tumor location or surgical
method.

Discussion

Compared with open surgery, laparoscopic colo-
rectal surgery has equal safety and feasibility with a
better cosmetic appearance and quicker recovery. With
the increasing use of trocars in surgery, complications
such as postoperative incisional pain, incision-related
wound infections, bleeding, hernia, and metastasis
have become common.'*!> Reducing the number of
trocars has been attempted for many years, but its fea-
sibility and necessity have been challenged.

In our hospital, two types of colorectal surgeons
were recruited: those performing RPLS and those per-
forming MPLS. The trocar position was determined
according to the surgeon’s preference and the tumor
characteristics. Most RPLS used a 12-mm trocar for
the scope held by the cameraman via the umbilical
wound, with 12- and 5-mm trocars for laparoscopic
scissors, graspers, or other laparoscopic instruments
held by the operator (Figs. 3, 4). Therefore, no assis-
tant port was needed in the RPLS, and no additional
instruments were manipulated by the assistant.

The results of our study showed that RPLS did not
compromise early surgical outcomes. In contrast, RPLS
had the advantages of a reduced operating time, lower
VAS score, more harvested lymph nodes, and fewer

complications than in surgeries that used more tro-
cars. Using fewer instruments results in better onco-
logical outcomes and efficiency. We assume that im-
mature assistants may interfere with the surgeon and
cause iatrogenic injury owing to their unfamiliarity
with laparoscopic instruments and the lack of stereo-
scopic and inappropriate traction. Therefore, improved
perioperative or oncological outcomes were not ob-
served when more trocars were used.

The most controversial aspect of RPLS was its
feasibility. Owing to fewer instruments, both hands of
the operator needed to be multifunctional, especially
the left hand, which provided adequate traction and
revealed the correct plane during dissection. There are
several ways to perform this procedure, which requires
extensive knowledge and experience regarding ana-
tomy and colorectal surgery. Therefore, RPLS is not
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Fig. 3. Trocar position (Left side colon and rectum).

/._\‘:’/.%

ﬁ?

Fig. 4. Trocar position (Right side colon).
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feasible for most colorectal surgeons, especially be-
ginners. In our hospital, RPLS is still performed by
only a few senior surgeons having > 10 years of expe-
rience in laparoscopic surgery.

A better stereoscopic view may help in narrowing
the gap between RPLS and MPLS. In our study, we
explored if a 3D video system could be used for colo-
rectal surgery. Our results are promising, as they showed
reduced operating time, lower VAS score, and more
harvested lymph nodes in 3D video systems than the
2D systems. We believe that the 3D video system will
play a major role in laparoscopic surgery and may
shorten the learning curve of surgical interventions. In
addition, with the more widespread use of 3D video
systems in recent years, we can acquire more data, es-
pecially on the surgery performed by junior surgeons.
Therefore, the impact of 3D video systems on the
learning curve of laparoscopic colorectal surgery will
be further assessed in our future study.

This study had a limitation. Selection bias could
not be avoided, as the data were collected retrospec-
tively.

Our results demonstrated no statistically signifi-
cant differences between RPLS and MPLS in BMI,
ASA score, tumor size, and clinical stage. Only age
and abdominal surgical history of the patient seemed
to affect the surgeon’s choice of RPLS. We can as-
sume that RPLS is not as highly selected as SILS and
the proportion of RPLS did not vary among different
tumor locations and surgical methods. In addition, the
sample size in our study was relatively large compared
to that of previous studies.

Conclusion

RPLS has advantages in terms of reduced operat-
ing time, lower VAS scores, more harvested lymph
nodes, and fewer complications. RPLS was also sim-
ilar to MPLS for all other variables. Fewer trocars,
one surgeon, and one cameraman were needed, which
meant better resource management. Considering the
financial effects and the above advantages, perform-
ing RPLS is worthy of attempts by experienced sur-
geons.
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