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Abstract

Background: The operative field in gasless surgery is limited, and it is difficult to adequately expose the operative field when compared
to the use of gas surgery. Gasless laparoscopic single-site (GLESS) is difficult to apply to endometrial cancer surgery. The aim of
this study is to investigate the improvement in GLESS lifting style for use in surgery for endometrial cancer as well as to compare the
outcome of different surgical approaches in endometrial cancer. Methods: A tissue retractor is added to the routine step of GLESS to lift
the abdominal wall. The lateral umbilical ligament is exposed, a 2-0 buckwheat thread is passed through the lateral umbilical ligament
and abdominal wall in order to lift the umbilical ligament. We measured the changes of space length or height in different dimensions
of the improved GLESS approach. Also, we measured the vertical height from the upper edge of the umbilical site to the abdominal
cavity, the length from the lower edge of the umbilical site to the right Michaelis point, the height from the bottom of the uterus to the
peritoneal cavity of the anterior abdominal wall, and the length from the lateral umbilical ligament to the ipsilateral psoas major muscle.
We analyzed the differences in procedures in 177 cases of endometrial carcinoma. We collected data on operative time, hemoglobin
change, number of lymph nodes removed, postoperative recovery time and postoperative complications for open surgery, multi site
laparoscopic surgery, single site laparoscopic surgery and gasless laparoscopic single-site surgery. Results: The vertical height from the
upper edge of the umbilical foramen to the abdominal cavity (4.395 ± 1.593 cm vs. 7.418 ± 1.626 cm, p < 0.001), the length from the
lower edge of the umbilical foramen to the right Michaelis point (9.850± 2.089 cm vs. 12.795± 2.094 cm, p< 0.001), the height from
the bottom of the uterus to the peritoneal cavity of the anterior abdominal wall (6.900± 1.052 cm vs. 9.827± 1.366 cm, p< 0.001), and
the length from the lateral umbilical ligament to the ipsilateral psoas major muscle and iliac vessels were measured (2.345 ± 0.515 cm
vs. 4.318 ± 0.558 cm, p < 0.001) and showed improvement with GLESS. Also, the operative visualization increased significantly with
GLESS. No significant difference was observed in operative time (p = 0.670), hemoglobin change (p = 0.065), number of lymph nodes
removed (p = 0.179), postoperative recovery time (p = 0.331), or postoperative complications (p = 0.442) in cases of endometrial cancer
utilizing GLESS. Conclusions: The use of GLESS can increase surgical exposure. This method of suspending the umbilical ligament
through abdominal silk thread can increase exposure of the anatomical structure of the obturator position. The application of GLESS as
the procedure for endometrial cancer is safe and feasible.
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1. Introduction
Laparoscopic surgery is a minimally invasive pro-

cedure used in both benign and malignant gynecologic
surgery. However, laparoscopic surgery requires the ab-
domen to be filled with CO2. Whether CO2 leads to can-
cer cell metastasis has been controversial, and the patient’s
cardiopulmonary function has the potential to be markedly
affected. Gasless laparoscopic surgery requires special in-
struments to suspend the abdominal wall, which can elim-
inate the effect of CO2 on cardiopulmonary function and
potential cancer metastasis [1–3]. With the continuous de-
velopment and innovation of minimally invasive surgical
technology, laparoendoscopic single-site surgery (LESS)

has experienced increased utilization. The surgical inci-
sion is in the umbilicus and the scar is smaller, avoiding
the possibility of injury caused by pelvic and abdominal
organ adhesions [4,5]. In order to reduce the possibility
of cancer metastasis caused by CO2 and the potential im-
pact on cardiopulmonary function, clinicians have applied
the combination of gasless surgery and single puncture site
to gynecologic tumor patients. Both gasless surgery and
LESS have their own shortcomings. The space of gasless
surgery is limited, and it is difficult to adequately expose the
operative field when compared to the use of gas surgery.
All operating instruments of LESS surgery enter through
1 puncture site, and the operative space loses the triangle
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Table 1. The clinicopathologic data of patients.

Variables
Group

p value
GLESS (n = 22) LT (n = 62) LS (n = 62) LESS (n = 31)

Age, years, mean (SD) 52.41 ± 7.620 52.91 ± 7.008 54.18 ± 7.487 50.94 ± 7.602 0.340
BMI, kg/m2, mean (SD) 23.675 ± 2.964 23.342 ± 3.514 24.512 ± 3.071 23.870 ± 4.023 0.577
FIGO Stage

IA 16 40 54 24
0.034*

IB 6 22 8 7
Pathological grade

G1-G2 22 45 54 29
0.004**

G3 0 17 8 2
SD, standard deviation; BMI, body mass index; GLESS, gasless laparoscopic single-site; LT, laparotomy; LS, la-
paroscopic surgery group; LESS, laparoendoscopic single-site surgery; FIGO, International Federation of Gynecol-
ogy and Obstetrics.
* Comparison between FIGO stage IA and IB.
** Comparison between Pathological grade of G1-2 and G3.

effect. The instruments interfere with each other to form
the “chopsticks” effect, which increases the difficulty of the
surgery [6,7]. LESS requires that the surgeon complete the
procedure utilizing the microscope. There is no surgical
assistant to expose the operative field, and the exposure of
the visual field is often not clear [8]. The gasless laparo-
scopic single-site (GLESS) procedure will make the oper-
ation more difficult. During the operation for gynecologic
malignant tumors, lymph node dissection or extensive pa-
rauterine tissue resection are required. The progress of the
operation requires sufficient space to visualize and expose
the operative field. In general, the application of GLESS
in gynecologic malignant tumor surgery has the following
problems: (1) The traditional gasless abdominal instrument
suspension method does not create the space between the
anterior abdominal wall and abdominal organs; (2) The tra-
ditional gasless abdominal suspension has limited exposure
to the operative field between the lateral abdominal wall and
abdominal organs; (3) The GLESS procedure makes it dif-
ficult to expose the distance from the internal iliac vessel
to the umbilical ligament, which makes pelvic lymph node
dissection and extensive parauterine resection difficult to
implement. In view of the listed problems, this study in-
tends to improve the suspension mode and study the influ-
ence of different suspension modes on the operative space.
We also desired to study the safety of open surgery, multi
hole laparoscopic surgery, single hole laparoscopic surgery
and gasless laparoscopic single-site surgery for endometrial
cancer.

2. Materials and Methods
2.1 Patient Information

A retrospective study was carried out on women
with endometrial cancer who underwent primary surgical
treatment at Department of Obstetrics and Gynecology,
Guangxi Medical University Cancer Hospital, from March

2018 through March 2022. We selected 177 patients (Ta-
ble 1) with endometrial cancer which included 22 cases
in the gasless laparoscopic single site (GLESS) group, 62
cases in the laparotomy group (LT), 62 cases in the multi
hole laparoscopic surgery group (LS), and 31 cases in the
laparoscopic single site surgery group (LESS). The inclu-
sion criteria in the study were as follows: patients under-
going primary surgical treatment for endometrial cancer at
our hospital after having been diagnosed by preoperative
endometrial sampling; patient age ≥18 years; and histo-
logic subtype of endometrioid adenocarcinoma according
to the International Federation of Gynecology and Obstet-
rics (FIGO) 2009 classification. The study was reviewed
and approved by our ethics committee.

The data were extracted from the medical records,
including age, histologic type and tumor grade, FIGO
stage I, operative time, hemoglobin change, number of
lymph nodes removed, postoperative recovery time and
postoperative complications. We analyzed the differences
in operative time, hemoglobin change, number of lymph
nodes removed, postoperative recovery time and postoper-
ative complications for the different groups. Postoperative
complications included intestinal obstruction, intestinal fis-
tula, double-J tube insertion, poor healing of the abdomi-
nal wound, lymphatic fistula, urinary fistula, urinary tract
infection, incisional hernia, reoperation for postoperative
bleeding, injury of blood vessels, thrombosis, and injury of
bladder or bowel. Table 1 demonstrates that there are sta-
tistical differences in clinical stage and pathological grade
of the cases reviewed.

2.2 Methods of Improved the Lifting

Routine suspension of GLESS requires making a lon-
gitudinal incision in the middle of the umbilicus, 3–4 cm
long, and placing a protective sleeve on the incision. A
Kirschner wire is used to penetrate subcutaneously along
the abdominal white line. The suspension rod of the gas-
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Fig. 1. Use the Kirschner wire to penetrate subcutaneously along the abdominal white line, fix the suspension rod of the gasless
suspension equipment on the right side of the patient, and fix the steel needle on the steel needle grip. (A) Cross the lifting rod
across the white line, hang the steel needle grab chain on the cross bar of the suspension rod, with the suspension height of the abdominal
wall being adjusted by the chain. (B) Improved suspension of GLESS: add a tissue retractor to the step of routine suspension of GLESS
and pull the abdominal wall upward.

less suspension equipment is fixed on the right side of the
patient and the steel needle is fixed on the steel needle grip.
The lifting rod is crossed across the white line, the steel
needle grab chain is hung on the cross bar of the suspen-
sion rod, and the suspension height of the abdominal wall
is adjusted by the chain. Improved suspension of GLESS
requires adding a tissue retractor to the step of routine sus-
pension and pulling the abdominal wall upward (Fig. 1B).
This is followed by opening the lateral peritoneum with an
ultrasonic scalpel, exposing the right umbilical ligament,
passing a 2-0 buckwheat thread through the umbilical liga-
ment, passing it through the abdominal wall, and lifting the
umbilical ligament to the left.

We measured the vertical height from the upper edge
of the umbilical foramen to the abdominal cavity, the length
from the lower edge of the umbilical foramen to the right
Michaelis point, the height from the bottom of the uterus to
the peritoneal cavity of the anterior abdominal wall, and the
length from the lateral umbilical ligament to the ipsilateral
psoas major muscle and iliac vessels. The LT group, LS
group, and LESS group were performed in the conventional
way.

2.3 Statistical Analysis

SPSS 26 (IBMCorp., Armonk, NY, USA) was used to
analyze the data. Prior to statistical analysis, measurement
data were tested for normal distribution and variance homo-
geneity. Rand sum test and ANOVA analysis of variance
(F-test) were evaluated for significant differences between
clinicopathologic data. Chi-square test and t-test analyses
were used to evaluate the improvement of gasless laparo-
scopic single-site lifting and the effects of different surgical
methods. p< 0.05 in this study was statistically significant.

3. Results
Routine suspension of GLESS is showed in Fig. 1A

and Fig. 2. Improved suspension of GLESS is showed in
Fig. 1B.

Different surgical fields are presented in routine sus-
pension of GLESS and improved suspension of GLESS. It
can be seen that after the change, the operative space is sig-
nificantly increased (Fig. 3).

The vertical height from the upper edge of the umbil-
ical foramen to the abdominal cavity, the length from the
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Fig. 2. Surgical incision protective sleeve. This is an elastic device with the shape being easy to match with surgical incision.

Fig. 3. Surgical fields after improved suspension of GLESS. Expose the right umbilical ligament, pass 2-0 buckwheat thread through
the umbilical ligament, pass it through the abdominal wall, and lift the umbilical ligament to the left.

lower edge of the umbilical foramen to the right Michaelis
point, the height from the bottom of the uterus to the peri-
toneal cavity of the anterior abdominal wall, and the length
from the lateral umbilical ligament to the ipsilateral psoas
major muscle and iliac vessels were measured (Table 2).

There were no differences in the 177 cases of endome-
trial carcinoma in operative time, hemoglobin change, num-
ber of lymph nodes removed, postoperative recovery time
and postoperative complications (Table 3).
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Table 2. The effects of different surgical methods on the space in endometrial cancer.

Measuring method
Group

p
Routine-GLESS (n = 22) Improved-GLESS (n = 22)

The vertical height from the upper edge of the umbilical foramen to
the abdominal cavity (cm)

4.395 ± 1.593 7.418 ± 1.626 <0.001

The length from the lower edge of the umbilical foramen to the right
Michaelis point (cm)

9.850 ± 2.089 12.795 ± 2.094 <0.001

The height from the bottom of the uterus to the peritoneal cavity of
the anterior abdominal wall (cm)

6.900 ± 1.052 9.827 ± 1.366 <0.001

The length from the lateral umbilical ligament to the ipsilateral
psoas major muscle and iliac vessels were measured (cm)

2.345 ± 0.515 4.318 ± 0.558 <0.001

Table 3. The effects of different surgical methods on endometrial cancer patients.

Classification
Groups

p value
GLESS (n = 22) LT (n = 62) LS (n = 62) LESS (n = 30)

Operative time 201.41 ± 55.13 219.44 ± 64.70 204.40 ± 42.95 210.16 ± 27.06 0.670
Hemoglobin change 14.41 ± 7.33 16.13 ± 13.15 15.53 ± 9.42 12.65 ± 7.31 0.065
Number of lymph nodes removed 12.68 ± 8.48 15.87 ± 5.18 14.05 ± 7.64 13.84 ± 6.99 0.179
Postoperative recovery time 2.05 ± 0.58 2.18 ± 0.98 2.05 ± 1.43 2.10 ± 0.65 0.331
Postoperative complications 1/22 10/62 7/62 3/31 0.442

4. Discussion
Gynecologic minimally invasive surgery has the bene-

fits of less trauma and rapid recovery. Studies have demon-
strated that the application of LESS in endometrial cancer
is safe and feasible, but previous reports are single site la-
paroscopic surgery with pneumoperitoneum [9,10]. The
use of CO2 pneumoperitoneum during the operation is the
key step in laparoscopic surgery. Previous studies have
shown that the use of laparoscopic CO2 may have a po-
tential impact on cardiopulmonary function and may also
lead to cancer cell metastasis [11]. In 2018, Ramirez et
al. [12] published the results of a prospective random-
ized controlled clinical trial in the New England Journal of
Medicine. They believed that among patients with early
cervical cancer, open surgery has higher disease-free sur-
vival (DFS) and overall survival (OS) than minimally inva-
sive radical hysterectomy, with a low mortality and recur-
rence rate. Significant hemodynamic changes occur during
minimally invasive staging surgery for endometrial cancer
[13]. Whether pneumoperitoneum leads to poor progno-
sis in patients with intrauterine cancer is still inconclusive.
Currently, gasless laparoscopy is increasingly applied in
gynecological laparoscopy. It decreases the complications
associated with CO2 pneumoperitoneum, and reduces the
operation difficulty and cost [14,15]. Gynecologic malig-
nant tumor surgery involves pelvic lymph node dissection
or extensive parauterine tissue resection. Based on the lim-
ited application of the single site gasless laparoscopy tech-
nology, it is generally used in benign diseases, such as in
patients with ovarian tumors during pregnancy [16], and its
application in malignant tumors is still limited [17].

The exposure of laparoscopic operative field and
space in gynecologic malignant tumor surgery includes sev-
eral important dimensions, including the vertical height be-
tween the anterior abdominal wall and abdominal organs
(intestinal tube surface, etc.), the length from the single hole
puncture site to the lateral abdominal wall, and the verti-
cal height from the anterior abdominal wall peritoneum to
the bottom of the uterus. During lymph node dissection,
it is necessary to expose and measure the gap between the
umbilical ligament, psoas major muscle and external iliac
vessels as well as expanding the operative space to avoid
damage to the intestines and blood vessels.

The traditional gasless abdominal suspension equip-
ment utilized has limitations in exposing the spatial visual
field (Fig. 1A). It may lead to prolonged operative time, in-
creased surgical bleeding, increased postoperative compli-
cations and other adverse factors, which limits the devel-
opment of pneumoperitoneum free surgery. We have im-
proved the procedure as shown in Fig. 1B. The results of
this study demonstrate that the space of gasless laparoscopic
single site surgery is improved by improving the suspen-
sion mode. This allows progress in the following aspects
of the procedure: Adding a thyroid retractor at the single
puncture site on the abdominal wall can lift the abdominal
wall upward (4.395± 1.593 cm vs. 7.418± 1.626 cm, p<
0.001), increase the distance between the anterior abdomi-
nal wall and abdominal organs (6.900± 1.052 cm vs. 9.827
± 1.366 cm, p< 0.001), and increase the vertical height be-
tween the anterior abdominal wall and abdominal organs.
The statistical results revealed that after the upward lifting,
there was a statistically significant difference between the
two groups. Due to the upward lifting effect of the tissue
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retractor, the suspension position of the anterior abdominal
wall is higher, and the lifting of the steel needles on both
sides can also increase the distance upward. Therefore, the
midpoint of the whole anterior abdominal wall and the lift-
ing point of the lateral abdominal wall are moved upward
at the same time, which increases the vertical height from
the puncture site to the abdominal cavity, as well as increas-
ing the vertical height of the lateral abdominal wall. When
the lateral abdominal wall is pulled upward, the vertical dis-
tance from the lateral abdominal wall to the abdominal or-
gans increases (9.850 ± 2.089 cm vs.12.795 ± 2.094 cm, p
< 0.001), and the length from the puncture site to the lat-
eral abdominal wall increases, which increases the opera-
tive space and widens the operative field of vision. Specifi-
cally in the lymph node dissection of gynecologicmalignant
tumors, the wide space of the lateral abdominal wall will
make the manual operation easier. During pelvic lymph
node dissection, the umbilical ligament can be lifted by a
silk thread penetrating the abdominal wall, which can fully
expose the anatomical structure of the obturator fossa. In
the single puncture site procedure, the operation in the ab-
dominal cavity needs to be completed by one person. After
improvement of the device, it can better expose the external
iliac artery and vein, obturator nerve, other blood vessels,
nerves and adipose tissue. The length from the lateral um-
bilical ligament to the ipsilateral psoas major muscle and
iliac vessels were measured (2.345± 0.515 cm vs. 4.318±
0.558 cm, p < 0.001) and were all improved, allowing the
pelvic lymph node dissection to be carried out with ease.

After the improvement, we compared the influence
of different surgical methods on the operation of early en-
dometrial cancer, and found that there was little difference
in the operative time of several surgical methods, minimal
change in hemoglobin before and after surgery, and no dif-
ference in postoperative complications, indicating that non-
pneumoperitoneal laparoscopic surgery is safe and feasible
in endometrial cancer.

However, this study has certain limitations. The tech-
nique of the operation is different, which may lead to the
differences in operative time and blood loss. There is the
possibility of data bias in a retrospective analysis. The small
sample size may lead to errors in the results [18]. This study
may not reflect its advantages due to the small number of
cases.

GLESS appears to offer several advantages over con-
ventional laparoscopy, such as elimination of the adverse
effects and potential risks associated with CO2 insufflation.
Gasless laparoscopy has recently attracted attention in low-
income countries as a cost-effective alternative to conven-
tional laparoscopy [19,20], while potentially reducing the
likelihood of tumor metastasis [21–24]. This study demon-
strates that the improved device can effectively increase the
operative space and visual field of single site gasless ab-
dominal surgery. Other methods to improve the surgical
procedure need to be further studied.

5. Conclusions
The improvement of GLESS can increase surgical ex-

posure. This method of suspending the umbilical ligament
through abdominal silk thread can increase exposure of the
anatomical structure of the obturator position. The appli-
cation of GLESS in the operation for endometrial cancer is
safe and feasible.
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