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Purpose: The aim of this study is to compare the long-term outcomes of three-port
laparoscopic right hemicolectomy (TPLRC) and five-port laparoscopic right
hemicolectomy (FPLRC) with retrospective analysis.

Methods: A total of 182 patients who accepted laparoscopic right hemicolectomy with
either three ports (86 patients) or five ports (96 patients) from January 2012 to June 2017
were non-randomly selected and analyzed retrospectively.

Results:More lymph nodes were harvested in the TPLRC group than in the FPLRC group
[17.5 (7), 14 (8) ml, p < 0.001]. There was less blood loss in the TPLRC group [50 (80) vs.
100 (125) ml, p = 0.015]. There were no significant differences in the other short-term or
oncological outcomes between the two groups. The overall survival and disease-free
survival were equivalent.

Conclusions: TPLRC is recommendable as it guarantees short- and long-term
equivalent outcomes compared with FPLRC.

Keywords: colon cancer, laparoscopy, longterm outcomes, three-port laparoscopic right hemicolectomy, five-port
laparoscopic right hemicolectomy, three-port laparoscopic assisted colectomy
INTRODUCTION

It has been three decades since Jacobs reported the first laparoscopic right hemicolectomy of the
world in 1991 (1). The application of laparoscopic technology in colonic surgery has gradually
become acceptable, even recommended. Multiple large-scale clinical studies (2–8) had proven its
safety, feasibility, and equilibrium to laparotomy in oncological outcome and survival. These studies
had made scientific judgment of laparoscopic technology and provided novel variations of
laparoscopic surgery, such as single-incision laparoscopic surgery (SILS), port-reduced
laparoscopic surgery, and so on. It was not until the year 2011 when, at almost the same time, a
study on three-port laparoscopic colectomy of 24 patients was reported by Dr. Park from Korea (9)
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and a 49-case study was published by Dr. I. Seow-En from
Singapore (10). After that, some small-scale clinical short-term
outcomes of three-port laparoscopic colectomy, scattered in
Egypt, Italy (11), and elsewhere, had been reported. Our center
had published our short-term outcomes of three-port
laparoscopic right hemicolectomy (TPLRC) versus five-port
laparoscopic right hemicolectomy (FPLRC) in 2020, involving
168 patients and using a propensity score matching study, in
which TPLRC presented non-inferiority to FPLRC (12). Years
later, the long-term outcome of our study is to be described in
this article.
MATERIALS AND METHODS

Patients and Collection
A retrospective chart review was performed on 182 patients with
right hemi-colonic adenocarcinoma who received either TPLRC
or FPLRC from January 2012 to June 2017 at Ruijin Hospital,
Shanghai Jiao Tong University School of Medicine in China.
Patients who were older than 80 upon receiving surgery, with
stage IV colonic cancer concomitant with other malignant
tumors, and with incomplete records for review were excluded.
An approval of the study was granted by the Institutional Review
Board of our hospital, and informed consent forms for the
operations, from all patients, were recorded.

All the operations were performed by the same well-
experienced surgeon who had completed more than 1,500
laparoscopic colorectal surgeries. A total of 86 patients who
underwent TPLRC and 96 patients who went through a FPLRC
were enrolled in this study.

The clinicopathologic information and perioperative
outcomes were reviewed, including age, sex, body mass index,
the American Society of Anesthesiologists grade, previous
abdominal surgery, tumor site, operation time, estimated blood
loss, time to cereal diet, length of postoperative hospital stay,
postoperative complications, tumor size, number of harvested
lymph nodes, proximal and distal resection margins, specimen
length, lymph node metastasis, and pathologic stage according to
the 8th edition of the AJCC Cancer Staging Manual. The
postoperative complications were graded according to the
Clavien–Dindo classification.

Follow-up surveillance was conducted in accordance with the
National Comprehensive Cancer Network (NCCN) guidelines.
Recurrence was confirmed by radiological or histological
methods. Patients in stage III or stage II with high risk were
routinely sent to chemotherapy for further treatment according
to the guideline. For patients who presented with metastasis, a
second-line chemotherapy was carried out, and standard
evaluation was made to confirm whether surgery would
be necessary.

Surgical Procedure
Position
The patients were placed in a lithotomy, Trendelenburg position.
After the pneumo-peritoneum was established, the operation
Frontiers in Oncology | www.frontiersin.org 2
table was tilted to the left as appropriate to provide better
exposure. In TPLRC, the surgeon was to the left of the patient,
while the cameraman positioned between the legs of the patient.
In FPLRC, the assistant was on the right side of the patient.

Trocar Placement
A trans-umbilical 12-mm port was inserted for the camera, and
two others (5 and 12 mm) were placed at the left mid-clavicular
line in TPLRC. There were two more ports in FPLRC, placed at
the right mid-clavicular line or in another appropriate position
(see Figure 1).

A vessel-priority D3 dissection + CME was carried out
intracorporeally. The specimen was retrieved through an arc
umbilical incision, with the wound protected (see Figure 2).
Resection and anastomosis were performed extracorporeally by
hand sutures or with a stapler (see Figure 3).

Statistical Analysis
Statistical analysis was performed with SPSS (version 23.0, SPSS
Inc., Chicago, IL, USA). The statistically significant differences
were evaluated using Mann–Whitney U-test, Student’s t-test, c2

test, and Fisher exact test as appropriate. The overall survival and
disease-free survival rates were estimated using the Kaplan–Meier
method and compared using the log-rank test. A p-value <0.05
was considered statistically significant.
RESULTS

Baseline Characteristics
There was no significant difference between the two groups in the
baseline variables (see Table 1).

Intraoperative and Perioperative
Outcomes
In the TPLRC group, less blood loss [50 (80) vs. 100 (125) ml,
p = 0.015] was observed. There was no significant statistical
difference between TPLRC and FPLRC with respect to operative
time, length of postoperative hospital stay, time to cereal diet,
and postoperative complications. Besides these, no case was
converted to laparotomy, and there was neither readmission
nor mortality within 30 days of surgery. There were three cases of
grade III and IV complications in the three-port group: one case
of anastomotic leakage which needed an intraperitoneal wash
and two cases of cardiac dysfunction due to a very severe
preoperative heart disease and who thus went to the intensive
care unit after surgery. These patients were discharged
afterwards with normal diet and New York Heart Association
I–II (see Table 2). However, the distribution of complications
showed no statistical difference in each group.

Pathologic and Oncologic Outcomes
More lymph nodes were harvested in the TPLRC group than in
the FPLRC group [17.5 (7), 14 (8) ml, p < 0.001]. There were
more T1 and T2 patients in the FPLRC group. The tumor size,
proximal and distal resection margins, histology, metastatic
September 2021 | Volume 11 | Article 762716
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lymph node, and TNM stage manifested no difference between
the TPLRC and FPLRC groups (see Table 3).

DFS and OS
In this study, the follow-up period ranges from 1 to 108 months.
Eight patients (9.3%) in the TPLRC group and 13 patients
(13.5%) in the FPLRC group were lost during the follow-up
period (c2 = 0.799, P = 0.371). The median follow-up period was
72 months (95% CI, 68.89–75.11) in the TPLRC group and 82
months (95% CI, 72.92–91.08) in the FPLRC group (c2 = 2.837,
p = 0.092).

The 5-year overall survival (OS) rates of the TPLRC and
FPLRC groups were 79.6 and 70.9% (hazard ratio, HR: 0.642;
95% CI: 0.348–1.185; p = 0.150), respectively, and the 5-year
disease-free survival (DFS) rates were 65.3 and 76.3% (HR, 0.646;
95% CI, 0.366–1.139; p = 0.124), respectively (see Figures 4
and 5).

Since the longest follow-up time reached 9 years, we also
compared the 9-year OS and DFS rates of the two groups, and
the results showed no statistical significance (p = 0.208 and
p = 0.099).
DISCUSSION

Broadly speaking, the idea of laparoscopy can be traced back to
ancient Rome. One of the inventors of the encyclopedia, a famous
Roman doctor, Aulus Cornelius Celsus, first reported to have
drained “evils humor” by using percutaneous devices (now called
FIGURE 1 | Trocar placement.
FIGURE 2 | Incisions.
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trocars) (8, 13). Since then, particularly in the 20th century, the
invention of a lighting system, telescopes, and insufflators and the
integrity of all laparoscopic devices made the ancient dreams
come true (14, 15). The first laparoscopic cholecystectomy (LC) of
the world was performed by Mühe in the mid-1980s (13, 16, 17).
After that, all varieties of laparoscopic-assisted surgery embraced
its boom, and it would not take another 2000 years to make a leap
and bounce in laparoscopic surgery.

Nowadays, laparoscopic surgery had confirmed its equality in
safety and feasibility, better cosmetic outcome, and quicker
recovery when compared with open surgery. A conventional
laparoscopic colorectal surgery usually requires five or more
trocars to insert instruments. With the increase in the number of
Frontiers in Oncology | www.frontiersin.org 4
trocars, the concomitant problems would increase accordingly.
Postoperative incisional pain, incision-related wound infection,
bleeding, hernia, or metastasis are not rare (18–20). Besides
these, during the operation, unskilled assistants would
sometimes interfere with the surgeon and even cause iatrogenic
injury due to the so-called off-screen effect or violent tractions
(21). The earliest reported clinical study about three-port
laparoscopic colectomy dated back to 2011 (9, 10), and it is
believed that many other surgeons had completed this kind of
operations even earlier. We began to carry out three-port
laparoscopic colectomy in 2012 in order to conquer the
problem of shortage in surgical assistants. This point of view
was identified with Jung Ryul Oh et al. (22) to carry out this
operation with one surgeon and one cameraman. In this study,
three-port surgery brags an advantage in less blood loss and
TABLE 1 | Baseline characteristics.

Variable Three-port
(N = 86)

Five-port
(N = 96)

Statistics P-value

Age (year)
Median (IQR) 62 (17) 66 (13) Z = -1.174 0.240

Sex
Male (%) 41 (47.7) 46 (47.9) c2 = 0.001 0.974
Female (%) 45 (52.3) 50 (52.1)

Body mass index
<18.50 (%) 7 (8.1) 3 (3.1) c2 = 0.003 0.954
18.50–24.99 (%) 61 (70.9) 60 (62.5)
>24.99 (%) 18 (20.9) 33 (34.4) c2 = 5.487 0.064

American Society of
Anesthesiologists score
I, II (%) 69 (80.2) 80 (83.3) c2 < 0.001
III, IV (%) 17 (19.8) 16 (16.7) c2 = 0.294 0.701

Previous abdominal surgery
(%)

25 (29.1) 33 (34.4) c2 = 0.588 0.524

Tumor site
Ileocecus (%) 21 (24.4) 34 (35.4)
Ascending colon (%) 33 (38.4) 21 (21.9)
Hepatic flexure (%) 24 (27.9) 33 (34.4)
Transverse colon (%) 8 (9.3) 8 (8.3) c2 = 6.631 0.085
FIGURE 3 | A vessel-priority D3 dissection + CME.
TABLE 2 | Intraoperative and perioperative outcomes.

Variable Three-port
(N = 86)

Regular
(N = 96)

Statistics P-value

Operation time (min)
Median (IQR) 140.0 (45.0) 150.0 (52.5) Z = -1.861 0.063
Estimated blood loss, (ml)
Median (IQR) 50.0 (80.0) 100.0 (125.0) Z = -2.431 0.015
Postoperative hospital stays
(days)
Median (IQR) 9.0 (3.0) 9.0 (2.0) Z = -0.845 0.398
Time to anal exhaust
Median (IQR) 4.0 (2.0) 4.0 (2.0) Z = 0.297 0.766
Time to liquid diet (days)
Median (IQR) 6.0 (2.0) 5.0 (2.0) Z = -0.310 0.976
Grade of complications
0–I (%) 73 (84.9) 90 (92.8)
II (%) 10 (11.6) 6 (6.3)
III (%) 1 (1.2) 0 (0)
IV (%) 2 (2.3) 0 (0) c2 = 5.239 0.155
Septembe
r 2021 | Volum
e 11 | Article
In bold: A p-value <0.05 was considered statistically significant.
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more lymph nodes harvested. The other perioperative and
oncological outcomes presented no difference between the
three-port and five-port groups. The distribution in
postoperative complication presented no difference between
the TPLRC and FPLRC groups. Although the intention of
port-reduced laparoscopic surgery was to reduce port-related
complications and others, there was one anastomotic leakage in
the three-port group. The patient was concomitant with systemic
lupus erythematosus with a long-time intake of glucocorticoid. It
reminds us that careful selection of patients should be conducted
preoperatively for the three-port surgery. Did the port-reduced
Frontiers in Oncology | www.frontiersin.org 5
surgery bring less pain to the patients compared to a
conventional laparoscopic one? We have already denied the
pain-ease theory in our previous article (12). Whether the
cosmetic effect of port-reduced surgery can aesthetically please
the patients is not reported in any of the present articles.

The clinical study about three-port laparoscopic-assisted
colectomy (TLAC) is rarely reported. All we can search till now
are retrospective analyses with short-term outcomes, in which
TLAC possessed similar peri-operative and oncological outcomes
as the five-port laparoscopic-assisted colectomy. In this study, we
reviewed the laparoscopic right hemi-colectomy records and
found out the long-term survival results. The average follow-up
period exceeded 5 years, with the longest surveillance reaching 9
years in our study. OS and DFS manifested no difference between
the TPLRC and FPLRC groups. Although there was no statistical
difference between the 9-year OS, the separation of the curves is
visible. Nine patients in the three-port group died from liver
metastasis, two with lung metastasis and one with bone metastasis.
Thirteen patients in the five-port group died from liver metastasis,
two with lung metastasis and one with peritoneal metastasis. The
main reason behind the difference may be the selection bias, and
we cannot deny that there might have been an intention to choose
some patients with earlier stage of the disease at the very beginning
of the surgery, while the baseline of the two groups of patients
presents no difference with statistical significance. Despite the
controversy, this is hitherto the one and only long-term outcome
ever reported, which can be an evidential support to recommend
this kind of operation.

Geisler et al. (23) believe that the accumulation of TLAC is
conducive to the development of single-incision surgery. Gash
et al. (24) believe that the key to mastering single-incision
laparoscopic colorectal surgery is developing TLAC surgery. Our
center began the attempt of single-incision laparoscopic colectomy
in December 2013. Passing the learning curve in SILS for sigmoid
colon and upper rectum in our center took approximately 11
cases. Kirk et al. (25) reported 70 consecutive cases of SILS right
hemi-colectomy, comparing the operation time, estimated
bleeding, complications, and pathological results between the
groups. Finally, about 40 cases were determined to pass through
TABLE 3 | Pathologic and oncologic outcomes.

Variable Three-port
(N = 86)

Five-port
(N = 96)

Statistics P-value

Tumor size (cm)
Median (IQR) 4.0 (2.0) 4.5 (2.0) Z = -0.658 0.510

Specimen length (cm)
Median (IQR) 27.0 (9.0) 28.0 (9.0) Z = -0.403 0.687

Proximal resection margins,
cm
Median (IQR) 12.0 (8.0) 10.0 (7.3) Z = -1.914 0.056

Distal resection margins, cm
Median (IQR) 11.25 (8.0) 12.25 (10.5) Z = -0.815 0.415

Lymph node harvest
Median (IQR) 17.5 (7) 14 (8) Z = -4.152 <0.001

Positive LN
Median (IQR) 0 (1) 0 (1) Z = -0.544 0.586

TNM stage
I (%) 3 (3.4) 11 (11.3) c2 = 6.085 0.193
II (%) 50 (7.5) 52 (53.6)
III (%) 33 (37.9) 33 (34.0)

T stage
1, 2 (%) 3 (3.5) 15 (15.6) Z 0.954
3, 4 (%) 83 (96.5) 81 (84.4) c2 = 7.498 0.006

N stage
0 (%) 52 (60.5) 63 (65.6) c2 = 0.003 0.954
1 (%) 28 (32.6) 23 (24.0) c2 = 0.003 0.954
2 (%) 6 (7.0) 10 (10.4) c2 = 1.99 0.368
In bold: A p-value <0.05 was considered statistically significant.
FIGURE 4 | Overall survival rate.
FIGURE 5 | Disease-free survival rate.
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LC. Haas et al. (26) reported about 30 to 36 cases of LC that can
pass through the SILS of the right colon by the cumulative
summation method. The essence of SILS is to move multiple
ports to the same position; therefore, the development of three-
port laparoscopic surgery is helping to shorten the LC of single-
incision surgery. This point of view is consistent with the report of
Haas et al. (26). However, due to the lack of a standardized
comparison, the value of three-port surgical practice in shortening
LC in single-incision surgery needs to be further evaluated.

This study has its limitation. The data was retrospectively
collected, so selection bias could not be avoided, and the sample
scale in this study is relatively not enough. In order to conquer the
defect of a retrospective analysis, we have already conducted a
single-center randomized control trial for this kind of operation.
CONCLUSIONS

In conclusion, TPLRC had an advantage in terms of less blood
loss and more lymph nodes harvested and is non-inferior to
FPLRC in all other variables, especially OS and DFS. Besides
these, this kind of operation requires two trocars less than the
conventional one, and only one surgeon and one cameraman
were needed, which makes it worthy to recommend to
experienced surgeons.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Oncology | www.frontiersin.org 6
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by a single center randomized controlled study of
three-port laparoscopy and conventional laparoscopy assisted
colorectal resection. The patients/participants provided their
written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

RZ and TZ had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the
data analysis. Concept and design: TZ. Acquisition, analysis, or
interpretation of data: All authors. Drafting of the manuscript:
TZ, YZ, and XS. Critical revision of the manuscript for important
intellectual content: Statistical analysis: TZ and YZ. Obtained
funding: RZ, XQJ, and TZ. Administrative, technical, or material
support: All authors. Supervision: FY and RZ. All authors
contributed to the article and approved the submitted version.
FUNDING

This study was supported by the National Natural Science
Foundation of China [81902374 (XQJ)], the Shanghai Hospital
Development Center [16CR2064B (RZ)], the Shanghai
Municipal Health Construction Commission [201540026
(RZ)], and the Youth Development Program of Ruijin
Hospital, Shanghai Jiaotong University School of Medicine
[2019QNPY01010 (TZ)].
REFERENCES
1. Jacobs M, Verdeja JC, Goldstein HS. Minimally Invasive Colon Resection

(Laparoscopic Colectomy). Surg Laparosc Endosc (1991) 1(3):144–50.
2. Jayne DG, Guillou PJ, Thorpe H, Quirke P, Copeland J, Smith AM, et al.

Randomized Trial of Laparoscopic-Assisted Resection of Colorectal
Carcinoma: 3-Year Results of the UK MRC CLASICC Trial Group. J Clin
Oncol (2007) 25:3061–8. doi: 10.1200/JCO.2006.09.7758

3. Clinical Outcomes of Surgical Therapy Study Group. A Comparison of
Laparoscopically Assisted and Open Colectomy for Colon Cancer. N Engl J
Med (2004) 350:2050–9. doi: 10.1056/NEJMoa032651

4. Colon Cancer Laparoscopic or Open Resection Study Group. Survival After
Laparoscopic Surgery Versus Open Surgery for Colon Cancer: Long- Term
Outcome of a Randomised Clinical Trial. Lancet Oncol (2009) 10:44– 52. doi:
10.1016/S1470-2045(08)70310-3

5. Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, van der Pas MHGM, de Lange-de
Klerk ES, et al. A Randomized Trial of Laparoscopic Versus Open Surgery
for Rectal Cancer. N Engl J Med (2015) 372:1324–32. doi: 10.1056/
NEJMoa1414882

6. Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou PJ. Five-
Year Follow-Up of the Medical Research Council CLASICC Trial of
Laparoscopically Assisted Versus Open Surgery for Colorectal Cancer. Br J
Surg (2010) 97:1638–45. doi: 10.1002/bjs.7160

7. Jeong SY, Park JY, Nam BH, Choi HS, Kim DW, Lim SB, et al. Open Versus
Laparoscopic Surgery for Mid-Rectal or Low-Rectal Cancer After
Neoadjuvant Chemoradiotherapy (COREAN Trial): Survival Outcomes of
an Open-Label, Non-Inferiority, Randomised Controlled Trial. Lancet Oncol
(2014) 15:767–74. doi: 10.1016/S1470-2045(14)70205-0

8. Hsieh C, Cologne KG. Laparoscopic Approach to Rectal Cancer-a New
Standard? Front Oncol (2020) 10:1239. doi: 10.3389/fonc.2020.01239

9. Park JM, Suh SW, Kwak JM, Kim J, Kim S-H. Three-Port Laparoscopy-
Assisted Colectomy for Colorectal Cancer Using External Traction With
Suspension Suture. Surg Laparosc Endosc Percutan Tech (2011) 21(5):249–52.
doi: 10.1097/SLE.0b013e31822ed88c

10. Seow-En I, Tan K-Y, Mohd Daud MAB. Traditional Laparoscopic Colorectal
Resections Can Be Performed Effectively Using a Three-Port Technique. Tech
Coloproctol (2011) 15(1):91–3. doi: 10.1007/s10151-010-0660-6

11. Currò G, Cogliandolo A, Lazzara S. Single-Incision Versus Three-Port
Conventional Laparoscopic Right Hemicolectomy: Is There Any Real Need
to Go Single? J Laparoendosc Adv Surg Tech A (2012) 22(7):621–4. doi:
10.1089/lap.2012.0120

12. Shi Y, Song Z, Gu Y, Zhang Y, Zhang T, Zhao R. Short-Term Outcomes of
Three-Port Laparoscopic Right Hemicolectomy Versus Five-Port Laparoscopic
Right Hemicolectomy: With a Propensity Score Matching Analysis. J Invest
Surg (2020) 33(9):822–7. doi: 10.1080/08941939.2019.1579276

13. Spencer WG. Trans. Celsus. De Medicina. London: William Heinemann Ltd
(1938). p. 1335.

14. Fourestier M, Gladu A, Vulmiere J. Presentation of a New Type of
Bronchoscopic Material; Projection of Films. J Fr Med Chir Thorac (1952)
6:67–72.

15. Litynski GS. Kurt Semm and an Automatic Insufflator. JSLS (1998) 2:197–200.
16. Reynolds W Jr. The First Laparoscopic Cholecystectomy. JSLS (2001) 1:89–94.
September 2021 | Volume 11 | Article 762716

https://doi.org/10.1200/JCO.2006.09.7758
https://doi.org/10.1056/NEJMoa032651
https://doi.org/10.1016/S1470-2045(08)70310-3
https://doi.org/10.1056/NEJMoa1414882
https://doi.org/10.1056/NEJMoa1414882
https://doi.org/10.1002/bjs.7160
https://doi.org/10.1016/S1470-2045(14)70205-0
https://doi.org/10.3389/fonc.2020.01239
https://doi.org/10.1097/SLE.0b013e31822ed88c
https://doi.org/10.1007/s10151-010-0660-6
https://doi.org/10.1089/lap.2012.0120
https://doi.org/10.1080/08941939.2019.1579276
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Three-Port Laparoscopic Right Hemicolectomy
17. Modlin IM, Kidd M, Lye KD. From the Lumen to the Laparoscope. Arch Surg
(2004) 139:1110–26. doi: 10.1001/archsurg.139.10.1110

18. Swank HA, Mulder IM, la Chapelle CF, Reitsma JB, Lange JF, BemelmanWA.
Systematic Review of Trocar-Site Hernia. Br J Surg (2012) 99(3):315–23. doi:
10.1002/bjs.7836

19. Zmora O, Gervaz P, Wexner SD. Trocar Site Recurrence in Laparoscopic
Surgery for Colorectal Cancer. Surg Endosc (2001) 15(8):788–93. doi: 10.1007/
s004640080151

20. Antoniou SA, Antoniou GA, Koch OO, Pointner R, Granderath FA. Blunt
Versus Bladed Trocars in Laparoscopic Surgery: A Systematic Review and
Meta-Analysis of Randomized Trials. Surg Endosc (2013) 27(7):2312–20. doi:
10.1007/s00464-013-2793-y

21. Leijte E, Arts E, Witteman B, Jakimowicz J, Blaauw ID, Botden S. Construct,
Content and Face Validity of the Eosim Laparoscopic Simulator on Advanced
Suturing Tasks. Surg Endosc (2019) 33(11):3635–43. doi: 10.1007/s00464-018-
06652-3

22. Oh JR, Park SC, Park SS, Sohn B, Oh HM, Kim B, et al. Clinical Outcomes of
Reduced-Port Laparoscopic Surgery for Patients With Sigmoid Colon Cancer:
Surgery With 1 Surgeon and 1 Camera Operator. Coloproctol (2018) 34
(6):292–8. doi: 10.3393/ac.2018.04.06

23. Geisler D, Garrett T. Single Incision Laparoscopic Colorectal Surgery: A Single
Surgeon Experience of 102 Consecutive Cases. Tech Coloproctol (2011) 15
(4):397–401. doi: 10.1007/s10151-011-0756-7

24. Gash KJ, Goede AC, Kaldowski B, Vestweber B, Dixon AR. Single Incision
Laparoscopic (SILS) Restorative Proctocolectomy With Ileal Pouch-Anal
Anastomosis. Surg Endosc (2011) 25(12):3877–80. doi: 10.1007/s00464-011-1814-y
Frontiers in Oncology | www.frontiersin.org 7
25. Kirk KA, Boone BA, Evans L, Evans S, Bartlett DL, Holtzman MP. Analysis of
Outcomes for Single-Incision Laparoscopic Surgery (SILS) Right Colectomy
Reveals a Minimal Learning Curve. Surg Endoscopy (2015) 29(6):1356–62. doi:
10.1007/s00464-014-3803-4

26. Haas EM, Nieto J, Ragupathi M, Aminian A, Patel CB. Critical Appraisal of
Learning Curve for Single Incision Laparoscopic Right Colectomy. Surg
Endoscopy (2013) 27(12):4499–503. doi: 10.1007/s00464-013-3096-z
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Zhang, Shen, Shi, Ji, Wang, Song, Jing, Ye and Zhao. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
September 2021 | Volume 11 | Article 762716

https://doi.org/10.1001/archsurg.139.10.1110
https://doi.org/10.1002/bjs.7836
https://doi.org/10.1007/s004640080151
https://doi.org/10.1007/s004640080151
https://doi.org/10.1007/s00464-013-2793-y
https://doi.org/10.1007/s00464-018-06652-3
https://doi.org/10.1007/s00464-018-06652-3
https://doi.org/10.3393/ac.2018.04.06
https://doi.org/10.1007/s10151-011-0756-7
https://doi.org/10.1007/s00464-011-1814-y
https://doi.org/10.1007/s00464-014-3803-4
https://doi.org/10.1007/s00464-013-3096-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	LongTerm Outcomes of Three-Port Laparoscopic Right Hemicolectomy Versus Five-Port Laparoscopic Right Hemicolectomy: A Retrospective Study
	Introduction
	Materials and Methods
	Patients and Collection
	Surgical Procedure
	Position
	Trocar Placement

	Statistical Analysis

	Results
	Baseline Characteristics
	Intraoperative and Perioperative Outcomes
	Pathologic and Oncologic Outcomes
	DFS and OS

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


