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ARTICLE INFO ABSTRACT

Keywords: Objective: We aimed to determine the safety of Vaginal natural orifice transluminal endoscopic
E“hfmced recovery after surgery surgery (vNOTES) in terms of the Enhanced Recovery after Surgery (ERAS) concept for tubal
Salpingectomy pregnancy surgery and provide a detailed process of VNOTES for tubal pregnancy surgery,
Salpingostomy

including experience and key points for surgeons performing this procedure.

Methods: The Longitudinal Vaginal Natural Orifice Transluminal Endoscopic Surgery Study
(LovNOTESS), which was conducted in Chengdu, China. A total of 219 patients who underwent
tubal ectopic pregnancy surgery between September 2021 and March 2022. The patients un-
derwent salpingectomy or salpingostomy using transumbilical laparoendoscopic single-site sur-
gery (LESS) or vNOTES, according to their preferences. This study prospectively collected
perioperative and one-year follow-up data on tubal pregnancy outcomes after vNOTES and
compared them with those after LESS.

Results: The vVNOTES group showed a shorter surgical duration, hospitalization duration, and
postoperative exhaust time and a lower analgesic medication usage rate, but it showed a higher
surgical conversion rate. The VNOTES approach reduced the postoperative exhaust time by
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approximately 9 h (95% confidence interval [CI]: —11.93, —5.57 h, p < .001) and the risk of
postoperative analgesic drug use by 77% (odds ratio, 0.23; 95% CI: 0.10, 0.61, p = .023).
Conclusion: vNOTES can shorten the exhaust time and duration of hospitalization, reduce post-
operative pain, and avoid surface surgical scars in tubal pregnancy surgeries, consistent with the
ERAS concept. However, more comprehensive preoperative evaluation of patients who choose
vNOTES is required to reduce the occurrence of intraoperative conversion.

Trial registration: ChiCTR2100053483.

1. Introduction

Ectopic pregnancy involves implantation of the zygote outside the uterine cavity, and tubal pregnancy is the most common form of
ectopic pregnancy [1]. Although the incidence rate of tubal pregnancies is only approximately 0.5%-2.3% [2,3], it is the main cause of
early pregnancy death [4,5]. Stable and ruptured tubal pregnancies are primarily treated using surgical procedures, which are divided
into salpingostomies and salpingectomies [6,7].

Tubal pregnancy surgeries are routinely performed as daycare surgeries at our department because of the minor surgical damage.
While the conventional surgical approach is transumbilical laparoendoscopic single-site surgery (LESS), vaginal natural orifice
transluminal endoscopic surgery (vNOTES) has recently emerged as an option [8-11]. The growing relevance of the Enhanced Re-
covery after Surgery (ERAS) concept requires surgeons to continuously refine their surgical skills to ensure less surgery-related damage
and pain, shorter hospital stays, and earlier return to normal life [12-14]. In comparison with LESS, vNOTES shows milder post-
operative pain, faster anal exhaust, and complete absence of surface scars, consistent with the concept of ERAS [15-19]. Although the
feasibility of VNOTES for tubal pregnancy surgery has been reported, data regarding its safety are limited [8]. Considering its
anatomical specificity, this approach may cause damage to adjacent organs such as the bladder or rectum [16,20,21], indicating the
need to investigate the safety of vNOTES in tubal pregnancy surgery in terms of the ERAS concept.

Therefore, this study prospectively collected and compared perioperative and one-year follow-up data on tubal pregnancies treated
using VNOTES and LESS. Using these data, we aimed to determine the safety of vNOTES in terms of the ERAS concept for tubal
pregnancy surgery and provide detailed insights regarding vNOTES for tubal pregnancy surgery, including important considerations
for surgeons performing this procedure.

2. Materials and methods
2.1. Study design and participants

This study was based on the Longitudinal Vaginal Natural Orifice Transluminal Endoscopic Surgery Study (LovNOTESS), which
was conducted in Chengdu, China (China Clinical Trials Registry ChiCTR2200059282), and was approved by the Institutional Review
Board of Chengdu Women and Children’s Central Hospital (No. 202130). This subgroup study prospectively collected perioperative
and one-year follow-up data of patients with tubal pregnancy who were willing to undergo surgical treatment between September
2021 and March 2022. This study only recruited patients with stable vital signs, and patients suspected of significant abdominal
bleeding or hemorrhagic shock underwent emergency surgery. Meanwhile, this study excluded patients with absolute or relative
contraindications to vNOTES, such as suspected vaginal infections, severe pelvic adhesions, fallopian tube ovarian abscesses, endo-
metriosis, malignancy, intrauterine pregnancy, potential interstitial ectopic pregnancy (through preoperative ultrasound examination
[22]) or sacrouterine nodularity. After informing the patient in detail about the risks associated with the surgery and providing written
informed consent, the patient underwent salpingectomy or salpingostomy using LESS or vNOTES according to their preferences. In
tubal pregnancies, suspected vaginal infections, severe pelvic adhesions, or lesions located in the interstitial part of the fallopian tubes
are contraindications for vNOTES.

2.2. Data collection

The patients’ perioperative data were collected from the hospital’s electronic medical record system, including data related to the
patients’ age, duration of amenorrhea, body mass index (BMI), fertility history, previous abdominal surgery, surgical method, surgical
approach, maximum diameter of the mass, preoperative and postoperative blood human chorionic gonadotropin (HCG) levels,
operation time, pelvic adhesions, surgical conversion, postoperative exhaust time, length of hospital stay, and perioperative com-
plications. The operative time was measured from the time the incision was made to the end of suturing. Postoperative recovery data
included the time from the end of the surgery to the first postoperative activity, urination, feeding, and exhaust. For salpingectomy,
outpatient follow-up assessments were performed 1 week after surgery and 1 month thereafter; for salpingostomy, patients were
required to undergo weekly blood HCG tests until they showed negative results.

2.3. Standard surgical procedures for transumbilical LESS and vNOTES under ERAS

For all patients, the routine procedure for ERAS was as follows: patients fasted for >8 h after consuming fried or fatty foods or
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meats, >6 h after consuming light meals or milk, and >2 h after drinking water. Urinary catheters were not routinely placed during
surgery. After waking up from anesthesia, the patient was asked to eat light food as soon as possible and get out of bed as soon as
possible. For patients who experienced no specific discomfort, discharge was routinely performed on the same day or in the morning
after surgery (within 24 h of admission). After discharge, patients were given a 24-h online phone number to contact the doctors in case
of adverse events.

All surgeries were performed by the same qualified surgeons in accordance with the same surgical procedures. Patients emptied
their bladder before surgery and received an intravenous infusion of 1-g cefazoline 30 min before surgery to prevent infection. The
patient was assisted in the lithotomy position and administered general anesthesia. Before performing vNOTES, cervical forceps were
used to pull the cervix to ensure good cervical and uterine activity. For vNOTES, the specific operating steps are as follows: 1) The
vaginal retractor exposes the cervix, and 2 Allis forceps are used to pull the cervix outward and upward to expose the posterior vaginal
fornix; 2. Make a 2 cm transverse incision at the midpoint of the posterior vaginal fornix, cut the whole thickness of the vaginal wall,
and then use tissue scissors to separate the tissue to reach the peritoneum; 3) Cut the peritoneum and extend the incision toward 4 and
8 o’clock in the vagina; 4) A disposable double-ring multi-instrument access port (Beijing Aerospace Kadi Technology Development
Institute, HK-TH-60.4TY) was inserted into the pelvic cavity through the incision. For the LESS procedure, an incision was made at the
navel. The next steps were same in all groups and followed: Pneumoperitoneum was created up to 14 mmHg of CO2 insufflation and a
10-mm 30-degree rigid laparoscope (Karl Storz GmbH & Co. KG, Tuttlingen, Germany) was used for visualization.

2.4. Standard surgical procedures for salpingostomy or salpingectomy

For salpingostomy, an incision was made on the opposite side of the fallopian tube mesentery, at the most prominent point of the
pregnancy mass. Bipolar electrocoagulation was performed to create an electrocoagulation band along the long axis of the fallopian
tube. The fallopian tube was placed inside a specimen bag to prevent the villi from flowing into the abdominal cavity. Electro-
coagulation hooks or scissors were used to cut longitudinally along the long axis of the affected fallopian tube, with a slightly shorter
incision length than the pregnancy mass. Non-invasive forceps were used to lift the incision edge of the fallopian tube wall, stretch into
a 5-mm flushing suction device along the tube wall into the lumen, use water pressure to separate the villi and blood clots from the tube
wall, and drive the villi and blood clots to completely discharge from the incision under water flow. If the villi and blood clots adhered
tightly to the tube wall and could not be completely separated by water pressure, non-invasive grasping forceps were used to gently
pull the villi tissue and continue to separate the villi from the base of the tube wall under water pressure. The lumen of the fallopian
tube was rinsed repeatedly with an NaCl solution to ensure the absence of residual villous tissue. The wound surface of the Fallopian
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Fig. 1. Selection process for this study.
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tube was opened or sutured discontinuously to the mucosal layer.

For salpingectomy, the fimbriated extremity of the fallopian gland was lifted with non-invasive forceps, the mesosalpinx was
coagulated with bipolar electrocoagulation, and the mesosalpinx was gradually cut to the isthmus of the oviduct with scissors. After
bipolar electrocoagulation of the interstitial part of the fallopian tube, scissors were used to cut the fallopian tube at the electro-
coagulation site, and the wound was electrocoagulated to stop the bleeding.

All surgeons and surgical team members follow standardized operating procedures to complete the learning curve [23] and achieve
proficiency. If intraoperative injury of large vessels, important organs or bleeding >800 ml, the surgical method will be changed.
vNOTES is generally converted to transabdominal single-port laparoscopic surgery, and single-port laparoscopic surgery is converted
to multi-ports surgery. Immediately convert to open surgery if there is a life-threatening vascular injury.

The abdominal and vaginal wound were closed with 2-0 absorbed suture and 2-0 barbed absorbable suture respectively. If the
patient feels significant pain after surgery, 10 ml of ibuprofen will be given as a single oral analgesic. Use again after 4-6 h if necessary.

2.5. Statistical analysis

SPSS software (version 27.0; IBM Corp., Armonk, NY, USA) were used to perform the all statistical analyses. Fisher’s exact or Chi-
square tests were used to analyze categorical data, reporting as counts (percentages). The mean + standard deviation values of
continuous variables were evaluated via Student’s t-test and least significant difference Student’s t-test. Multivariate linear regression
analysis was used to detect the factors influencing intraoperative bleeding, duration of surgery, and postoperative exhaust time. Binary
logistic regression was used to analyze the associations between preoperative characteristics and postoperative analgesic medication
usage. Covariates were selected according to the different variables in the univariate analysis and factors that were reported to affect
the dependent variable in previous studies. All statistical significance was set at P < .05 with two-tailed tests.

3. Results

The selection process for the study population is illustrated in Fig. 1. Initially, 261 patients with tubal ectopic pregnancies who were
willing to undergo surgical treatment were recruited for the study. After excluding patients who underwent other surgeries simul-
taneously, the final analysis included 219 patients, of whom 106 (48.4%) underwent vNOTES and 113 (51.6%) underwent LESS. The
average age of the patients, duration of amenorrhea, and BMI at recruitment were 31.40 + 5.45 years, 31.40 + 5.45 days, and 21.28 +
3.16 kg/m?, respectively. Among these patients, 159 (72.6%) had a history of artificial dilation and curettage abortion, 115 (52.5%)
had undergone abdominal surgery, and 30 (13.7%) had a previous ectopic pregnancy. Among the 219 patients, 68 (31.1%) chose
salpingostomy and 151 (68.9%) chose salpingectomy (Table 1).

No statistically significant differences were observed in the demographic characteristics of the patients in the LESS and vNOTES
groups. Patients in the vNOTES group showed a shorter duration of surgery and hospitalization, a shorter postoperative exhaust time,
and a lower analgesic medication use rate, but had a higher surgical conversion rate (Table 2). The reasons for surgical conversion in
four cases in the vNOTES group were as follows: the procedure was beyond the scope of the surgical instrument due to adhesion of the
fallopian tube to the lateral wall of the pelvic cavity in one case; difficulty stopping bleeding due to the proximity of the mass to the
uterine part in one case; and difficulty entering the pelvic cavity due to pelvic adhesions in two cases. All four of these patients were
transferred to the LESS group. Perioperative complications in the LESS group included persistent ectopic pregnancy after surgery in
one patient, poor incision healing in one patient, and postoperative fever and one patient had; in contrast, perioperative complications
in the vNOTES group included persistent ectopic pregnancy after surgery in one patient, postoperative pelvic hemorrhage in one
patient, and postoperative fever in two patients had. All patients recovered after undergoing conservative treatment and were dis-
charged without re-surgery.

The volume of intraoperative bleeding can be indirectly used as an indicator of surgical injury, and was further analyzed using

Table 1
Description of the patients demographic characteristics and operation types.
Variables Total
Patients 219
Age (year) 31.40 £ 5.45
BMI (kg/m?) 21.28 + 3.16
Duration of amenorrhea (day) 47.90 + 10.45
History of abdominal surgery 115 (52.5%)
History of D & C artificial abortion 159 (72.6%)
History of ectopic pregnancy 30 (13.7%)
Surgical approach
LESS 113 (51.6%)
v-NOTES 106 (48.4%)
Surgical type
Salpingostomy 68 (31.1%)
Salpingectomy 151 (68.9%)

BMI: body mass index, v-NOTES: vaginal natural orifice transluminal endo-
scopic surgery, LESS: laparoendoscopic single-site surgery.
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Table 2
Description of the patient characteristics by surgical approaches.

Variables LESS v-NOTES P-value

Patients N =113 N =106

Age (year) 31.60 + 4.98 31.24 £ 5.86 0.735"

BMI (kg/m?) 21.38 + 3.41 21.20 + 2.97 0.769"

Duration of amenorrhea (day) 46.92 + 7.95 48.67 £ 12.15 0.374"

History of abdominal surgery 60 (53.1%) 55 (51.9%) 0.756"

Max diameter of mass (cm) 2.94 +1.32 2.78 £1.19 0.493"

Preoperative HCG (mIU/ml) 2861.12 + 5765.42 3004.95 + 5647.45 0.897"

D&C artificial abortion 73 (64.6%) 86 (81.1%) 0.787"

History of ectopic pregnancy 17 (15.0%) 13 (12.2%) 0.293"

Emergency surgery 4 (3.5%) 5 (4.7%) 0.702°
Surgical type 0.215"
Salpingostomy 38 (33.6%) 30 (28.3%)

Salpingectomy 75 (66.4%) 76 (71.7%)

Operative information
Duration of surgery (min) 59.53 + 21.35 55.94 + 17.06 0.230"
Bleeding volume (ml) 22.19 + 31.01 18.02 4+ 15.39 0.370"
Pelvic adhesion 35 (31.0%) 32 (30.2%) 0.846"
Surgical conversion 0 (0%) 4 (3.8%) 0.026°

Post-Operative information
Hemoglobin difference (g/L) 15.65 + 9.43 13.71 £9.23 0.387°
Hospital stay (day) 1.03 +0.18 0.60 + 0.13 0.041°
Exhaust time (hour) 6.05 + 4.89 4.84 +3.90 0.204"
Analgesic medication use 26 (23.9%) 8 (7.6%) <0.001"
Perioperative complications 3 (2.7%) 4 (3.8%) 0.776°

BMI: body mass index, v-NOTES: vaginal natural orifice transluminal endoscopic surgery, LESS: laparoendoscopic single-site surgery, HCG: human
chorionic gonadotropin, D&C: Dilation and Curettage.

@ Average and standard deviation. Student’s t-Test.

> Number (percentage). Chi-squared Test.

¢ Number (percentage). Fisher Exact Test.

multiple linear regression. The results showed that the amount of intraoperative bleeding was positively correlated with surgical
conversion and pelvic adhesions. The bleeding volume increased by approximately 29 mL in cases involving surgical conversion (95%
confidence interval [CI]: 17.56, 39.73 mL, p =.019) and 19 mL for each 1-grade increase in pelvic adhesion (95% CI: 7.08, 27.39 mL, p
=.043) (Table 3).

The factors influencing operation time were further analyzed using multiple linear regression, and the results showed that oper-
ation duration was correlated with BMI, surgical type, surgical conversion, and pelvic adhesion (Fig. 2A). Salpingostomy, surgical
conversion, and each grade of pelvic adhesion increased the operation duration by approximately 10 min (95% CI: 1.24, 18.22 min, p
=.025), 32 min (95% CI: 16.83, 46.17 min, p = .037), and 9 min (95% CI:5.33, 13.39 min, p = .012), respectively (Fig. 2B). Inter-
estingly, the operation duration also increased by approximately 1.4 min when BMI increased by 1 kg/m? (95% CI: 0.24, 2.59 min, p =
.019).

Early postoperative anal exhaust indicates faster recovery of gastrointestinal function. Multiple linear regression analysis was
conducted to investigate the factors influencing postoperative anal exhaust time, and the results showed that exhaust time was
correlated with BMI, surgical approach, and pelvic adhesions (Table 4). A 1-kg/m? increase in BMI and an increase one 1 grade in

Table 3

Association between perioperative characteristics and volume of intraoperative bleeding.
Variables Beta 95% CI P-value VIF
R? = 0.360
Age (year) 0.09 (—0.87,1.06) 0.849 1.29
BMI (kg/m2) -0.25 (—1.86,1.36) 0.760 1.21
Surgical approach (VNOTES) —5.62 (—15.08,3.84) 0.242 1.04
Surgical type (Salpingostomy) 2.49 (—9.14,14.11) 0.672 1.36
Surgical transfer 28.64 (17.56,39.73) 0.019 1.13
History of abdominal surgery -2.15 (—7.45,3.15) 0.423 1.15
Duration of amenorrhea -0.02 (-0.51,0.46) 0.929 1.19
Max diameter of mass -0.35 (—4.15,3.45) 0.855 1.04
Preoperative HCG 0.01 (0,0.02) 0.146 1.16
Emergency surgery 2.16 (—4.49,8.81) 0.588 1.06
Pelvic adhesion 19.24 (7.08,31.39) 0.043 1.10
Duration of surgery 0.19 (—0.08,0.46) 0.166 1.28
Surgeon -3.60 (—11.39,4.19) 0.361 1.22

BMI: body mass index, v-NOTES: vaginal natural orifice transluminal endoscopic surgery, HCG: human chorionic gonadotropin.
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A Adjusted 95% CI P-value B
Age (year) 0.34(-0.38,1.06) 0.356 p=0.047
BMI (kg/m2) 1.41(0.24,2.59) 0.019 <= 100+
Surgical approach(vNOTES) H—e— 4.52(-2.56,11.59) 0.208 '€ p=0.023
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Fig. 2. The influence of surgical characteristics on the operation duration. (A) Multiple linear regression showed that the operation duration was
correlated with BMI, surgical type, surgical conversion, and pelvic adhesion. Salpingostomy, surgical conversion, and each grade of pelvic adhesion
increased the operation duration by approximately 10 min (95% confidence interval [CI]: 1.24, 18.22 min; p = .025), 32 min (95% CI: 16.83, 46.17
min; p = .037), and 9 min (95% CI: 5.33, 13.39 min; p = .012), respectively. Interestingly, the operation duration increased by approximately 1.4
min when BMI increased by 1 kg/m2 (95% CL: 0.24, 2.59 min, p = .019). (B) The groups with no adhesions, mild adhesions, and severe adhesions
showed significant differences in the duration of surgery.

pelvic adhesion increased the exhaust time by 0.6 h (95% CI: 0.26, 0.85 h, p = .027) and 6.7 h (95% CI: 2.90, 10.57 h, p = .019),
respectively. Notably, the vNOTES approach reduced the postoperative exhaust time by approximately 9 h (95% CI: —11.93, —5.57 h,
p < .001).

Analgesics are not routinely used after surgery, and patients actively requesting the use of analgesics may be experiencing greater
pain and discomfort. The factors influencing postoperative analgesic drug use were analyzed using binary logistic regression, and the
results showed that analgesic drug use was correlated with the surgical approach, surgical conversion, and duration of surgery
(Table 5). Surgical conversion increased the risk of postoperative analgesic drug use by 102% (odds ratio [OR]: 2.02, 95% CI:1.34,
3.56, p =.025), while vNOTES decreased the risk by 77% (OR:0.23, 95% CI: 0.10, 0.61, p = .023). Moreover, the risk of postoperative
analgesic drug use increased by 3% when the duration of surgery increased by 1 min (OR:1.03, 95% CI: 1.01, 1.12, p = .037).

The patient’s fertility history was followed-up by phone one year after surgery. In the salpingostomy group, more patients chose
contraception, mostly because of concerns regarding the recurrence of ectopic pregnancy. In this group, patients planning to conceive
had a higher natural conception rate and risk of recurrent tubal pregnancy, and lower rates of infertility or conception through assisted
reproductive technologies (Supplementary Table 1).

4. Discussion

Our results showed that vNOTES shortened the exhaust time and hospital stay, reduced postoperative pain, and helped avoid
surface surgical scars, consistent with ERAS requirements. In this prospective study, we compared the perioperative characteristics of
tubal pregnancy surgery using LESS and vNOTES in terms of the ERAS requirements and collected data on fertility one year after
surgery. In addition, the advantages and disadvantages of vNOTES in relation to the ERAS requirements for tubal pregnancy surgery
are discussed in detail, providing a theoretical basis for the further development of vNOTES.

The vNOTES and LESS approaches showed no significant differences in intraoperative bleeding, surgical duration, or postoperative

Table 4

Association between postoperative exhaust time and perioperative characteristics.
Variables Beta 95% CI P-value VIF
R* = 0.607
Age (year) —0.01 (—0.33,0.32) 0.963 1.32
BMI (kg/m2) 0.56 (0.26,0.85) 0.027 1.14
Surgical approach (VNOTES) —8.75 (—11.93,-5.57) <0.001 1.07
Surgical type (Salpingostomy) -2.19 (—5.92,1.55) 0.249 1.28
Surgical transfer 5.68 (—18.31,29.66) 0.201 1.21
History of abdominal surgery 1.31 (—0.64,3.25) 0.187 1.43
Max diameter of mass 0.63 (-0.63,1.88) 0.325 1.04
Emergency surgery 0.42 (—5.55,6.39) 0.889 1.35
Pelvic adhesion 6.73 (2.90,10.57) 0.019 1.16
Intraoperative bleeding volume —0.03 (—0.09,0.04) 0.415 1.07
Duration of surgery -0.02 (-0.10,0.07) 0.715 1.22
Surgeon —0.45 (-1.60,0.71) 0.443 1.12

BMI: body mass index, v-NOTES: vaginal natural orifice transluminal endoscopic surgery.
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Table 5

Association between postoperative analgesic medication use and perioperative characteristics.
Variables Exp(B) 95% CI P-value
Age (year) 0.94 (0.85,1.02) 0.177
BMI (kg/m2) 1.01 (0.86,1.18) 0.901
Surgical approach (VNOTES) 0.23 (0.10,0.61) 0.023
Surgical type (Salpingostomy) 1.02 (0.71,1.44) 0.916
Surgical transfer 2.02 (1.34,3.56) 0.025
History of abdominal surgery 0.68 (0.02,1.38) 0.826
Duration of amenorrhea 1.47 (0.89,2.43) 0.128
Max diameter of mass 0.97 (0.92,1.02) 0.255
Emergency surgery 1.29 (0.02,2.31) 0.256
Pelvic adhesion 0.56 (0.03,1.32) 0.545
Postoperative exhaust time 1.02 (0.97,1.06) 0.212
Intraoperative bleeding volume 1.00 (0.98,1.02) 0.791
Duration of surgery 1.03 (1.01,1.12) 0.037
Surgeon 1.45 (0.27,2.02) 0.109

BMI: body mass index, v-NOTES: vaginal natural orifice transluminal endoscopic surgery.

complication rates, indicating that the vNOTES approach is safe and feasible. However, the surgical conversion rate of 3.8% in the
vNOTES group was much higher than that in the LESS group (0%). These conversions were primarily attributable to adhesions and the
presence of the mass in the uterine part. In such cases, continued surgery under vNOTES may cause damage to neighboring organs;
consequently, these patients were converted to LESS. Thus, surgeons should conduct a more comprehensive preoperative evaluation of
the patients selected for vNOTES. A history of dysmenorrhea or previous pelvic surgery, difficult uterine activity, and tenderness of
sacral ligament nodules may provide important clues for screening of severe pelvic adhesions [24,25]. In addition, vaginal ultrasound
can be used for real-time assessment of the sliding of the uterus on the anterior wall of the rectum. If these evaluations indicate severe
pelvic adhesions, the VNOTES approach should be avoided. Notably, the lesion was in the uterine part in one case. Due to failure to
reach the uterine fundus, the patient underwent transumbilical single-port laparoscopy for hemostasis. This reflects the limitations of
vNOTES that for lesions in the uterine fundus, vNOTES is difficult to perform surgery due to limitations in field of view and instrument
range. We believe that a combination of these methods can effectively avoid the complications associated with inappropriate patient
selection.

In this cohort, the incidence of complications was 3.2%, slightly higher than that associated with LESS in previous studies [21,
26-30]. Among the cases showing complications, two involved persistent ectopic pregnancies, accounting for 2.9% of salpingostomy
cases, which was similar to the corresponding percentage reported in previous studies [31,32]. Both patients recovered and were
discharged from the hospital after methotrexate administration following surgery, and neither patient required re-surgery. Moreover,
the surgical duration in the vNOTES group was shorter than that in the LESS group, although the difference was not statistically
significant. This may be due to the smaller chopstick effect caused by the lesion being closer to the platform [33-35]. Our experience
suggests that salpingostomy and ovarian cystectomy are more convenient to perform using VNOTES because the lesion site is directly
located in front of the approach [36,37].

The timing of postoperative anal exhaust as a part of the discharge evaluation criteria is crucial for evaluating the ERAS mode [38,
39]. In our cohort, the postoperative exhaust time was shorter in the vNOTES group than in the LESS group, which is consistent with
previous studies [40]. The vNOTES procedure was performed in the pelvic area, and showed little effect on the upper abdomen. After
entering the pelvis, the first step is to push the small intestine into the abdominal cavity, after which the intestine will not be touched
again, thereby minimizing intestinal irritation. Additionally, because the vNOTES incision is made in the vaginal vault, this site is
insensitive to cutting pain caused by visceral nerve innervation. Lighter postoperative pain encourages patients to get out of the bed
early after surgery, which can also promote gastrointestinal recovery and facilitate earlier exhaust [41,42].

The ERAS concept requires less damage to patients, faster postoperative recovery, greater patient comfort, and an earlier return to
normal life activities [43-45]. The findings of this study imply that vNOTES is not inferior to or is even more suitable than LESS in
terms of the ERAS concept. Moreover, VNOTES offers the advantage of completely eliminating surface scars, making it aesthetically
pleasing. However, in patients who choose VNOTES, a more comprehensive preoperative evaluation is required to reduce the
occurrence of intraoperative conversion.

The follow-up assessments of the patients’ fertility status one year after surgery yielded noteworthy findings. Among the patients
who chose salpingostomy because of reproductive reasons, 61.8% chose continuous contraception because of concerns regarding
another ectopic pregnancy. However, patients who undergo salpingectomy have fewer options for contraception because they don’t
have to worry about ectopic pregnancy happening again in the affected fallopian tubes. This situation may also be caused by informed
notification from physicians during the perioperative period. As for patients who choose salpingostomy, physicians usually recom-
mend strict contraception for 3-6 months and inform them that the affected fallopian tube will increases the risk of ectopic pregnancy
again after surgery. This may increase the psychological pressure on patients, leading them to choose long-term contraception.
Although patients undergoing salpingostomy have a slightly higher natural conception rate, they also have a 15.4% chance of
recurrent tubal pregnancy. Therefore, further studies are needed to determine which surgical method is the best choice for women with
reproductive needs.

The strengths of this study include its prospective design and professional participants. The patients were included on the basis of
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strict inclusion and exclusion criteria and a surgical procedure, ensuring a high degree of consistency in demographic characteristics
between the two groups. This study compared the perioperative characteristics of the two most advanced surgical methods for tubal
pregnancy surgery and preliminarily confirmed the safety and effectiveness of VNOTES for this procedure. In addition, a relatively
comprehensive experimental design was implemented by prospectively collecting follow-up data from patients at 1 week, 1 month,
and 1 year after surgery.

This pilot study strengthened our understanding of the safety of vNOTES during tubal pregnancy. However, this study had some
limitations. First, the sample size of this study was relatively smaller than that of similar studies using Multi-port and LESS. Second, the
limitations of the VNOTES technique are the chopstick effect (lack of triangulation resulting from the use of the conventional
equipment) and the limited experience of the surgeons. Before performing vNOTES surgery, we suggest that all surgeons and surgical
team members should follow standardized operating procedures to complete the learning curve [23]. Third, although this study shows
that vNOTES can promote ERAS in patients, it is necessary to grasp the indications of this approach to reduce the occurrence of
complications and surgical conversions. Four, since this study is not a randomized clinical trial, we are unable to specify surgical
procedures for patients. After fully informing the advantages and disadvantages of the two surgeries, the final decision is based on the
patient’s wishes. Therefore, in this process, some potential bias factors may be added, which may affect the choice of surgical methods
for patients. Five, if there is a conventional surgical group as the control group, it can indeed better demonstrate the advantages of
vNOTES. However, due to the fact that our hospital no longer performs routine open surgery and Multi-port laparoscopic surgery
except for some large uterine fibroids or malignant tumor surgeries, we do not have enough data as a control. Six, VNOTES has been
widely used in gynecology for only 5 years, and the patients in this study were followed-up for only 1 year. Longer follow-up periods
with more patients can improve our understanding of the short- and long-term complications of vNOTES and their potential influence
on sexual function and fertility. Therefore, large-scale multicenter studies involving more patients, longer time periods, and more types
of surgery are needed to further promote the widespread use of vNOTES in the field of gynecology.

5. Conclusions

Our results indicated that vNOTES could shorten the exhaust time and hospital stay, reduce postoperative pain, and avoid surface
surgical scars, consistent with the ERAS concept. Thus, vNOTES may be more suitable for ERAS than LESS. However, in patients who
choose vNOTES, a more comprehensive preoperative evaluation is required to reduce the occurrence of intraoperative conversion.
With the further popularization of minimally invasive and scar free surgery, VNOTES will inevitably achieve longer-term development.
Therefore, more and higher quality research is needed to demonstrate its advantages and promote its rapid development.

Capsule

To reflect the safety of vaginal natural orifice transluminal endoscopic surgery (vNOTES) in terms of the Enhanced Recovery after
Surgery (ERAS) concept for tubal pregnancy surgery and provide a detailed process of vNOTES for tubal pregnancy surgery, including
experience and key points for surgeons performing this procedure.
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