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Abstract

Background: Colon cancer is the most common gastrointestinal malignancy worldwide and accounts for more than half of all
gastrointestinal tumors, with over 1 million new cases and 500 000 deaths per year.

Objectives: The purpose of our study was to compare the outcomes of laparoscopic surgery and open surgery for colon cancer
surgery by evaluating the lymph nodes. It is crucial to remove an adequate number of lymph nodes, as a more extensive nodal
removal has been associated with higher survival rates and fewer relapses.

Methods: This prospective study was conducted on 120 patients (57 females and 63 males) with colon cancer, who were registered
and analyzed in our unit from 2019 to 2021. Of these patients, 78 underwent open surgery and 42 underwent laparoscopic surgery.
A checklist comprising 8 variables including postoperative pain, length of hospital stay, site infection during the first 30 days,
number of lymph nodes removed in pathology, hemoglobin drop, anastomotic leak, urinary tract injury, and time of operation
was completed for all patients. SPSS version 21 software was used for data analysis, and a P-value less than 0.05 was considered
significant.

Results: The age of the patients was between 30 to 60 years. The variables of site infection during the first 30 days (P = 0.7),
anastomotic leak complication (P = 0.5), urinary tract injury (P = 0.02), and number of lymph nodes removed (P = 0.13) were not
statistically significant between the two groups of laparoscopic surgery and open surgery. However, the variables of duration of
operation (P < 0.05), decrease in hemoglobin of postoperative patients compared to preoperative (P < 0.05), severe postoperative
pain (P < 0.05), and number of days of hospital stay (P < 0.05) between the groups of laparoscopic surgery and open surgery were
statistically significant.

Conclusions: Our experience suggests that laparoscopic colectomy is a safe and feasible procedure with better short-term
outcomes and comparable oncological efficacy to the open approach.
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1. Background

Colon cancer is one of the most prevalent
gastrointestinal malignancies worldwide and accounts for
more than half of all common tumors with over 1 million
new cases and 500,000 deaths annually (1, 2). Currently,
surgery is the best treatment option for colon cancer,
which includes various techniques such as conventional
laparoscopic surgery, hand-assisted laparoscopic surgery,
robotic surgery, single-pore laparoscopic surgery, and
open surgery (3). In addition, colon cancer accounts for
nearly 60% with approximately 106 180 new cases expected
to be diagnosed in 2022 (4, 5).

Laparoscopic surgery has become the preferred

procedure for the surgical management of various colon
diseases. Several large randomized controlled trials have
shown that laparoscopic surgery is effective and safe, with
minimal invasiveness, better short-term outcomes, and
improvement compared to open surgery, which should
only be performed by experienced surgeons (6-8).

Laparoscopic surgery has advantages such as little
blood loss and lower pain. However, prior studies have
shown that laparoscopic surgery has some limitations,
such as prolonged operative time and a longer learning
curve for surgeons (9). Some publications have shown
that laparoscopic surgery may be less expensive or more
cost-effective than open surgery (10). Decreased mortality
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after laparoscopic surgery may be a direct result of
decreased postoperative complications (11).

Lymph node status is considered the most powerful
pathological predictor of patient outcome for accurate
cancer staging and is an indicator of the quality of cancer
care. Adequate lymph node staging (TNM) is crucial
for predicting prognosis and planning better therapy.
Removing and examining an adequate number of lymph
nodes is important because more extensive node removal
is associated with better survival rates and less recurrence
(12). The quality of the surgical method plays a key role in
obtaining an optimal number of lymph nodes (13), and a
recent systematic review investigated whether the number
of lymph nodes retrieved after colon resection is related to
lifespan (14).

2. Objectives

The purpose of this study was to compare the
number of lymph nodes removed and the outcomes
of laparoscopic colon surgery to open colectomy in colon
cancer.

3. Methods

This prospective study was conducted at the surgical
department of Modares Hospital, Shahid Beheshti
University of Medical Sciences in Tehran, between 2019
and 2021. A total of 120 patients with colon cancer, who
required surgical treatment, were enrolled in our unit,
comprising 57 females and 63 males. Of these, 78 patients
underwent open surgery, while 42 patients underwent
laparoscopic surgery. Patients were categorized into two
groups based on their clinical conditions: laparoscopic
surgery and open surgery.

Exclusion criteria for the study included patients
outside the age range of 30 to 60 years, those with
tumors located in the rectum, patients who underwent
laparoscopic surgery initially but were changed to
open surgery due to any reason, patients with multiple
metastases and inoperable conditions at the beginning of
surgery and during the initial abdominal examination.

The complete history of the patients was taken and
recorded in the file. Patients were informed about the
advantages and disadvantages of laparoscopic surgery and
open surgery, and written informed consent was obtained
from all patients.

A checklist containing 8 variables was prepared for
all patients, which included postoperative pain, duration
of hospitalization, infection of the operation site during
the first 30 days, the number of lymph nodes removed in

pathology, the rate of drop in hemoglobin, anastomotic
leakage, urinary tract injury, and duration of surgery.

Patients were administered intravenous Cefazolin 1
gr and Metronidazole 500 mgr before surgery, and then
every 12 hours until 24 to 72 hours after surgery, and
longer if there was any sign of infection. Intravenous
fluid treatment was continued until the liquid meal was
covered.

The Foley catheter was removed as early as possible.
Enrolled patients were managed postoperatively by the
same surgeons’ staff. A thorough follow-up was conducted
after 1 month of surgery with a physical examination.

Data were analyzed, using SPSS software (version 21)
and Mann-Whitney and independent t test. A significance
level of P < 0.05 was considered statistically significant.

3.1. Surgical Technique

All surgeries in this study were performed by a surgical
team with extensive experience in laparoscopic surgery,
and the same team performed the open surgeries to ensure
consistency. For open surgery, the patient was placed in the
supine position and a midline incision was made for the
colectomy according to standard surgical principles.

In laparoscopic surgery, the patient was placed
in the supine and Trendelenburg position, and a
pneumoperitoneum was created, using an open method.
A 12 mm port was inserted in the umbilical region for the
camera, and other trocars were placed by the surgical
team based on the tumor location. For right colectomy
and transversal surgery, the surgeon and camera operator
stood on the patient’s left side, while for left colectomy,
they stood on the right side. An assistant was also present
on the opposite side of the surgeon near the monitor, and
the scrub colleague was positioned between the patient’s
legs. The anastomosis technique was performed, using a
small incision of 2cm to 4cm outside with a stapler.

4. Results

From 2019 to 2021, 120 patients were included in this
study, with 57 females and 63 males with colon cancer. Of
these, 78 patients (64.7%) underwent open surgery and 42
patients (35.3%) underwent laparoscopic surgery (Table 1).

Table 1. Patients’ Characteristics (2019 - 2021)

Laparoscopic Group Open Group
Age,y (mean + SD) 49.21% 6.61 48.65* 6.71
Sex
Male 22 41
Female 20 37
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The age of patients ranged from 30 to 60 years with a
mean age of 48.8 + 6.65 years (Table 1).

The mean operative time for laparoscopic surgery was
significantly longer than that for open surgery (199.10 +
21.99 minutes vs. 175.51+ 17.77 minutes, P < 0.05).

Of the patients who underwent open surgery, 7 (8.97%)
developed an infection, compared to 3 (7.1%) of those, who
underwent laparoscopic surgery. However, there was no
significant difference between the two groups (P=0.7).

Anastomotic leak complication was seen in 5 (6.41%)
patients, who underwent open surgery and 4 (9.5%)
patients who underwent laparoscopic surgery. There was
no significant difference between the two groups (P =0.5).

The number of removed lymph nodes was 13.93 £ 3.6
for laparoscopic surgery and 16.3 + 3.8 for open surgery,
which was not statistically significant (P = 0.13).

Urinary tract injury was observed in 2 (2.56%) patients
who underwent open surgery and zero patients who
underwent laparoscopic surgery. However, this difference
was not statistically significant (P=0.02).

Severe postoperative pain was reported in 43 (55%)
patients who underwent open surgery, compared to only 4
(9.5%) patients who underwent laparoscopic surgery. This
finding was statistically significant (P < 0.05).

The decrease in hemoglobin levels after surgery,
compared to preoperative levels, was greater in patients
who underwent open surgery (2.45 + 0.35) than those who
underwent laparoscopic surgery (1.21 £ 0.14), which was
statistically significant (P < 0.05).

The length of hospital stay was significantly longer for
patients who underwent open surgery (15.14 + 3.66 days)
than for those who underwent laparoscopic surgery (11.64
+ 2.93 days) (P < 0.05) (Table 2).

5. Discussion

In this study, we aimed at comparing laparoscopic
surgery and open surgery in treating colon cancer by
examining the number of lymph nodes removed.

Our findings showed that although the average
duration of laparoscopic surgery was longer than open
surgery, which was statistically significant, it confirms
the effectiveness of the surgical method in colon cancer
on the duration of surgery. In the study by Song et al. in
China in 2019, it was shown that the length of surgery in
laparoscopic surgery is longer than in open surgery (1).

Laparoscopic surgery requires special equipment and
experienced and skilled people; so, the more skillful the
operating room staff and the surgeon are in preparing the
equipment and performing the surgery, the shorter the
operation time will be.
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We also found that laparoscopic surgery had fewer
common and unusual complications compared to open
surgery, except for urinary and genital complications; no
other significant complications were observed between
the two groups in our study. A study by Numata et al. in
2018 showed that laparoscopic surgery for patients with
severe disorders is safer and has fewer complications than
open surgery (15).

Although relative prohibitions for laparoscopy are
mentioned in surgical sources, it seems that this type of
surgery can be performed in most patients.

Moreover, our study revealed that laparoscopic
surgery was associated with a significantly less decrease in
hemoglobin and shorter hospital stays compared to open
surgery.

In the study of Neki et al. in 2017, the laparoscopic
group had significantly less intraoperative bleeding,
complications, and duration of postoperative
hospitalization than the open-surgical group (16). A study
by Yamaguchi et al. in 2017 showed that laparoscopic
surgery for transverse and descending colon cancer is
oncologically safe, and short-term outcomes such as
bleeding, operative time, food intake, hospitalization, and
postoperative complications are better than open surgery
(17). Our study also confirms these findings. The study by
Song et al. in 2019 in China (1) and the study by Ribeiro et
al. in 2019 in Brazil (6) were similar to the results of our
study.

Our study also showed that many short-term and
long-term complications, such as urinary tract injury and
anastomotic leak, and the rate of site infection were
similar in both surgical groups.

Also, the number of lymph nodes removed in
laparoscopic surgery was similar to open surgery, which
confirms the safety of laparoscopic surgery against open
surgery. In a study by Biondi et al. in 2013 in Italy, the
results showed that laparoscopic surgery was as safe as
open surgery, and early and late complications reported
in both groups were similar (18). A study by Bedirli et al.
in 2014 in Turkey showed that the results of open and
laparoscopic surgery for colon cancer were similar and
that laparoscopic surgery was a safe method for colon
cancer (19). A study by Balducci et al. in 2017 showed that
oncological safety for colon cancers can also be achieved
by performing a laparoscopic approach, and long-term
results can overlap with those of the open technique (20).
These studies confirm our findings.

5.1. Strengths

In the laparoscopy group, the length of hospital stay
was shorter compared to open surgery, which helps the
patient return to work faster. Severe postoperative pain
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Table 2. Study Variables in Two Groups of Open Surgery and Laparoscopic Surgery

Laparoscopic Surgery Group (N = 42)

Open Surgery Group (N=78)

Variables P-Value
Number Minimum Maximum Mean t SD Number Minimum Maximum Mean t SD

Infection 3 7 0.7

Anastomotic leak 4 5 0.5

Urinary tract injury 0 2 0.02

Severe postoperative 4 43 0.0

pain

Duration of 161 238 199.10 £ 143 206 175+ 17.77 0.0

operation (min) 21.99

Removed lymph 8 20 13.93 £ 3.65 9 22 16.13 £ 3.82 0.13

nodes

Decreased 1 1.5 121+ 0.14 19 3.00 2.45% 0.35 0.0

hemoglobin before

and after surgery

Duration of 7 16 11.64 + 2.93 8 21 15.14 + 3.66 0.0

hospitalization

was less in the laparoscopic group than in the open
surgery. The amount of hemoglobin drop in laparoscopic
surgery was lower than in open surgery, but the duration
of surgery in open surgery was less than in laparoscopic
surgery. And the number of lymph nodes removed in open
and laparoscopic surgery was not significantly different,
which confirmed the safety of laparoscopic surgery in
colon cancer.

5.2. Limitations

Although it has been tried to observe all the necessary
things to conduct flawless research, some of the cases
were beyond the reach and ability of the researcher.
Among these cases are the lack of follow-up of patients
in the future period, as well as the examination of the
pathological stage of the disease, or the integration of the
variables of the patient’s operation status or patient and
hospital costs. Another factor was the impossibility of
prospective research.

5.3. Conclusions

Our study shows that laparoscopic surgery is
associated with fewer short-term complications and
has advantages such as shorter hospital stays, less severe
postoperative pain, and a lower drop in hemoglobin.
There was no significant difference in the number of
lymph nodes removed in laparoscopic and open surgery,
indicating the safety of laparoscopic surgery for colon
cancer.

Acknowledgments

The present study is taken from the approved
research project of Shahid Beheshti University of Medical

Sciences with code IR.SBMU.MSP.REC.1398.256. Hereby, the
honorable vice president of the research and research
center Shahid Beheshti University of Medical Sciences is
gratefully acknowledged.

Footnotes

Authors’ Contribution:  Study concept and design:
Nasser Malekpour Alamdari; Acquisition of data:
Mohammad Hossein Ehsani; Drafting of the manuscript
AND revised the manuscript: Samira Adhami; Participated
in designing the evaluation, performed parts of the
statistical analysis: Sara Beshrat; All authors read and
approved the final manuscript.

Clinical Trial Code:

IRCT20160803029181N10.
Conflict of Interests: The authors of this study declare
that they have no conflict of interest.

Registration

Ethical Approval: This study is approved under the
ethical code of IR.SBMU.MSP.REC.1398.256.

Funding/Support: Shahid Beheshti University of Medical
Sciences

Informed Consent: Written informed consent was
obtained from all patients.

References

1. Song X], Liu ZL, Zeng R, Ye W, Liu CW. A meta-analysis of
laparoscopic surgery versus conventional open surgery in the
treatment of colorectal cancer. Medicine (Baltimore). 2019;98(17).
e15347. [PubMed ID: 31027112]. [PubMed Central ID: PMC6831213].
https://doi.org/10.1097/MD.0000000000015347.

Int ] Cancer Manag. 2023;16(1):e135044.


https://ethics.research.ac.ir/EthicsProposalView.php?id=64824
http://www.ncbi.nlm.nih.gov/pubmed/31027112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6831213
https://doi.org/10.1097/MD.0000000000015347

Malekpour N et al.

10.

11.

Siegel RL, Miller KD, Fedewa SA, Ahnen D], Meester RGS, Barzi A, et
al. Colorectal cancer statistics, 2017. CA Cancer ] Clin. 2017;67(3):177-93.
[PubMed ID: 28248415]. https:|/doi.org[10.3322/caac.21395.

Wu QB, Wang M, Hu T, He WB, Wang ZQ. Prognostic role of the
lymphocyte-to-monocyte ratio in patients undergoing resection
for nonmetastatic rectal cancer. Medicine (Baltimore). 2016;95(44).
€4945. [PubMed ID: 27858839]. [PubMed Central ID: PMC5591087].
https://doi.org/10.1097/MD.0000000000004945.

Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics,
2022. CA Cancer | Clin. 2022;72(1):7-33. [PubMed ID: 35020204].
https://doi.org[10.3322/caac.21708.

Keum N, Giovannucci E. Global burden of colorectal cancer:
emerging trends, risk factors and prevention strategies. Nat Rev
Gastroenterol Hepatol. 2019;16(12):713-32. [PubMed ID: 31455888].
https://doi.org/10.1038/s41575-019-0189-8.

Ribeiro U], Tayar DO, Ribeiro RA, Andrade P, Junqueira SJ.
Laparoscopic vs open colorectal surgery: Economic and clinical
outcomes in the Brazilian healthcare. Medicine (Baltimore).
2020;99(42). e22718. [PubMed ID: 33080727]. [PubMed Central
ID: PMC7572007]. https://doi.org/10.1097/MD.0000000000022718.
Chen K, Cao G, Chen B, Wang M, Xu X, Cai W, et al. Laparoscopic
versus open surgery for rectal cancer: A meta-analysis of classic
randomized controlled trials and high-quality Nonrandomized
Studies in the last 5 years. Int | Surg. 2017;39:1-10. [PubMed ID:
28087370]. https://doi.org/10.1016/j.ijsu.2016.12.123.

Rondelli F, Trastulli S, Avenia N, Schillaci G, Cirocchi R, Gulla N,
et al. Is laparoscopic right colectomy more effective than open
resection? A meta-analysis of randomized and nonrandomized
studies. Colorectal Dis. 2012;14(8):e447-69. [PubMed ID: 22540533].
https://doi.org[10.1111/j.1463-1318.2012.03054.X.

Yang I, Boushey RP, Marcello PW. Hand-assisted laparoscopic
colorectal surgery. Tech Coloproctol. 2013;17 Suppl 1:523-7. [PubMed
ID: 23337969]. https://doi.org/10.1007/s10151-012-0933-3.

Park ]S, Choi GS, Kim SH, Kim HR, Kim NK, Lee KY, et al. Multicenter
analysis of risk factors for anastomotic leakage after laparoscopic
rectal cancer excision: the Korean laparoscopic colorectal surgery
study group. Ann Surg. 2013;257(4):665-71. [PubMed ID: 23333881].
https://doi.org/10.1097/SLA.0b013e31827b8ed9.

Warps AK, Zwanenburg ES, Dekker JWT, Tollenaar R, Bemelman WA,
Hompes R, et al. Laparoscopic Versus Open Colorectal Surgery in
the Emergency Setting: A Systematic Review and Meta-analysis. Ann
Surg Open. 2021;2(3). e097. [PubMed ID:37635817]. [PubMed Central ID:
PMC10455067]. https:|/doi.org[10.1097/AS9.0000000000000097.

Int ] Cancer Manag. 2023;16(1):e135044.

12.

13.

15.

18.

20.

Baxter NN, Virnig D], Rothenberger DA, Morris AM, Jessurun J,
Virnig BA. Lymph node evaluation in colorectal cancer patients: A
population-based study. ] Natl Cancer Inst.2005;97(3):219-25. [PubMed
ID:15687365). https://doi.org[10.1093/jnci/dji020.

Wong SL. Lymph node counts and survival rates after resection for
colon and rectal cancer. Gastrointest Cancer Res.2009;3(2 Suppl):S33-5.
[PubMed ID: 19461921]. [PubMed Central ID: PMC2684729].

. Chang GJ, Rodriguez-Bigas MA, Skibber JM, Moyer VA. Lymph node

evaluation and survival after curative resection of colon cancer:
Systematic review. | Natl Cancer Inst. 2007;99(6):433-41. [PubMed ID:
17374833]. https:[/doi.org[10.1093/jnci/djko92.

Numata M, Sawazaki S, Morita ], Maezawa Y, Amano S, Aoyama
T, et al. Comparison of Laparoscopic and Open Surgery for
Colorectal Cancer in Patients with Severe Comorbidities.
Anticancer  Res.  2018;38(2):963-7. [PubMed ID: 29374728].
https://doi.org/10.21873/anticanres.12310.

. Neki K, Eto K, Kosuge M, Ohkuma M, Noaki R, Hashizume R, et al.

Comparison of Postoperative Outcomes Between Laparoscopic and
Open Surgery for Colorectal Cancer. Anticancer Res. 2017;37(9):5173-7.
[PubMed ID: 28870951]. https:[/doi.org[10.21873/anticanres.11939.

. Yamaguchi S, Tashiro ], Araki R, Okuda ], Hanai T, Otsuka

K, et al. Laparoscopic versus open resection for transverse
and descending colon cancer:  Short-term and long-term

outcomes of a multicenter retrospective study of 1830 patients.
Asian | Endosc Surg. 2017;10(3):268-75. [PubMed ID: 28387060].
https://doi.org[10.1111/ases.12373.

Biondi A, Grosso G, Mistretta A, Marventano S, Toscano C,
Gruttadauria S, et al. Laparoscopic-assisted versus open
surgery for colorectal cancer: Short- and long-term outcomes
comparison. | Laparoendosc Adv Surg Tech A. 2013;23(1):1-7.
[PubMed ID: 23004676]. [PubMed Central ID: PMC3698686].
https://doi.org/10.1089/lap.2012.0276.

. Bedirli A, Salman B, Yuksel O. Laparoscopic versus Open Surgery

for Colorectal Cancer: A Retrospective Analysis of 163 Patients
in a Single Institution. Minim Invasive Surg. 2014;2014:530314.
[PubMed ID: 25506425]. [PubMed Central ID: PMC4259079].
https://doi.org/10.1155/2014/530314.

Balducci G, Sederino MG, Laforgia R, Carbotta G, Minafra M,
Delvecchio A, et al. Lymph node assessment in colorectal cancer
surgery: laparoscopic versus open techniques. G Chir. 2017;38(1):23-6.
[PubMed ID: 28460199]. [PubMed Central ID: PMC5730395].
https://doi.org[10.11138/gchir/2017.38.1.023.


http://www.ncbi.nlm.nih.gov/pubmed/28248415
https://doi.org/10.3322/caac.21395
http://www.ncbi.nlm.nih.gov/pubmed/27858839
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5591087
https://doi.org/10.1097/MD.0000000000004945
http://www.ncbi.nlm.nih.gov/pubmed/35020204
https://doi.org/10.3322/caac.21708
http://www.ncbi.nlm.nih.gov/pubmed/31455888
https://doi.org/10.1038/s41575-019-0189-8
http://www.ncbi.nlm.nih.gov/pubmed/33080727
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7572007
https://doi.org/10.1097/MD.0000000000022718
http://www.ncbi.nlm.nih.gov/pubmed/28087370
https://doi.org/10.1016/j.ijsu.2016.12.123
http://www.ncbi.nlm.nih.gov/pubmed/22540533
https://doi.org/10.1111/j.1463-1318.2012.03054.x
http://www.ncbi.nlm.nih.gov/pubmed/23337969
https://doi.org/10.1007/s10151-012-0933-3
http://www.ncbi.nlm.nih.gov/pubmed/23333881
https://doi.org/10.1097/SLA.0b013e31827b8ed9
http://www.ncbi.nlm.nih.gov/pubmed/37635817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10455067
https://doi.org/10.1097/AS9.0000000000000097
http://www.ncbi.nlm.nih.gov/pubmed/15687365
https://doi.org/10.1093/jnci/dji020
http://www.ncbi.nlm.nih.gov/pubmed/19461921
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2684729
http://www.ncbi.nlm.nih.gov/pubmed/17374833
https://doi.org/10.1093/jnci/djk092
http://www.ncbi.nlm.nih.gov/pubmed/29374728
https://doi.org/10.21873/anticanres.12310
http://www.ncbi.nlm.nih.gov/pubmed/28870951
https://doi.org/10.21873/anticanres.11939
http://www.ncbi.nlm.nih.gov/pubmed/28387060
https://doi.org/10.1111/ases.12373
http://www.ncbi.nlm.nih.gov/pubmed/23004676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3698686
https://doi.org/10.1089/lap.2012.0276
http://www.ncbi.nlm.nih.gov/pubmed/25506425
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4259079
https://doi.org/10.1155/2014/530314
http://www.ncbi.nlm.nih.gov/pubmed/28460199
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5730395
https://doi.org/10.11138/gchir/2017.38.1.023

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Surgical Technique

	4. Results
	Table 1
	Table 2

	5. Discussion
	5.1. Strengths
	5.2. Limitations
	5.3. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

