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Transvaginal natural orifice endoscopic surgery for myomectomy: Can it be a conventional surgery?
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Introduction: As a new minimally invasive surgery, transvaginal natural orifice transluminal endoscopic surgery (vNOTES) has been proved to be suitable for the treatment of a variety of gynecological benign diseases. However, compared with other minimally invasive surgeries that have been widely used, such as conventional multiport laparoscopy and transumbilical laparoendoscopic single-site surgery (LESS), their advantages and disadvantages and how to choose are still unknown. The purpose of our study is to compare the advantages and disadvantages of the three minimally invasive surgeries in myomectomy and to provide theoretical basis for the wider development of vNOTES surgery.



Material and methods: This retrospective study included 282 patients at our hospital who underwent laparoscopic myomectomy from May 2021 to March 2022. Based on the surgical approach, patients were classified into multiport, transumbilical LESS, and vNOTES groups. The patients’ demographic characteristics and follow-up data were collected during the perioperative period and at 1 month postoperatively.



Results: Among the three procedures, vNOTES had the shortest anal exhaust time but also the highest postoperative infection rate. Multiple linear regression analysis showed that the operative time increased by 3.5 min for each 1 cm increase in myoma, and intraoperative bleeding increased by approximately 12 ml. The average duration of single pores increased by 25 min compared to that of multiports, and the operative duration increased by 10.48 min for each degree of adhesion.



Conclusions: For gynecologists who have mastered vNOTES, this procedure has the same efficacy and safety as the two existing minimally invasive surgeries in myomectomy, but it shows obvious advantages in postoperative recovery.



KEYWORDS
transvaginal natural orifice transluminal endoscopic surgery, minimally invasive surgery, myomectomy, myoma, retrospective study





Introduction

Fibroid is one of the most common gynecologic conditions, but it does not occur before puberty and its frequency decreases with menopause (1, 2). They are diagnosed in 20%–25% of women of reproductive age and in 30%–40% of women older than 40 years (3–5). They originate from the clonal expansion of a smooth muscle cell stimulated by estrogen and progesterone (6, 7). Myomas may grow asymptomatically. When symptoms occur, abnormal uterine bleeding, urinary or bowel dysfunction, infertility, and abdominal pain are mainly reported (8–10). Thus, women with this disease have high risks of developing physical and emotional distress, which can strongly impact their life (11).

Several treatments for myoma are available, such as medical treatment, surgery, high intensity focused ultrasound (HIFU), and interventional radiology (12–15). Among them, myomectomy is the gold standard surgical method when fertility sparing and refusal of hysterectomy are demanded (8, 16). Over the past decade, minimally invasive surgery has become the popular goal of surgeons. Younger patients further pursue better cosmetic effect, resulting smaller-scar or scarless surgery. Hence, needlescopic-assisted laparoscopy, transumbilical laparoendoscopic single-site surgery (TU-LESS), and vaginal natural orifice transluminal endoscopic surgery (vNOTES) came into being (17). For myomectomy, the last two operations hide the incisions in the belly button and the vagina to become scarless (18–20). However, few previous studies had compared their characteristics with conventional laparoscopic surgery for myomectomy.

Since Baekelandt's study in 2018 showed that vNOTES could be used for removal of uterine fibroids (21), a large number of previous studies have confirmed the possibility of vNOTES myomectomy (20, 22). However, due to the anatomical specificity of the vNOTES approach, the risk of injury to the adjacent organs (rectum and bladder) is greater. At the same time, for the limitation of visual field, it is more difficult to deal with the lesions in the fundus uterus and the two lateral walls. In gynecological benign surgery, incomplete suture and penetration of uterine cavity have made myomectomy with a high rate of postoperative complications (23–25). Therefore, under the proven feasibility of vNOTES surgery, it is necessary to compare the information of perioperative periods of prevalent surgical methods to confirm the safety of vNOTES surgery.

Therefore, in the present study, we investigate the perioperative data of vNOTES in myomectomy and compare them with mutiport and single-port laparoscopic surgery. According to result of this research, the optimum surgical approach could be chosen by gynecologists with patients’ own characteristics and hospital conditions. In addition, we provide more cautions for other surgeons when performing this novel surgery.



Materials and methods


Study design and participants

The present study was embedded in the Longitudinal Vaginal Natural Orifice Transluminal Endoscopic Surgery Study (LovNOTESS), an ongoing gynecological minimally invasive surgery study conducted in Chengdu, aiming to determine the short- and long-term complications, as well as the potential effects of vNOTES on patients’ sexual function, pregnancy, and vaginal delivery (Chinese Clinical Trial Registry ChiCTR2100053483), approved by the Ethics Committee of the Chengdu Women's and Children's Central Hospital (No. 202130). During the study period, the total number of laparoscopic surgery per year ranged between 3,500 and 4,000. Written informed consent was obtained from all participants. This subgroup study only included the retrospective clinical data of all patients who were diagnosed with uterine fibroid (symptomatic subserosal fibroids and intramural fibroids, tumor size >5 cm) and came to seek a surgical solution between May 2021 and April 2022 at the Chengdu Women's and Children's Central Hospital. On further analysis, patients who had multiple uterine fibroids and underwent hysterectomy were excluded. According to the postoperation pathological reports, patients with adenomyoma were also eliminated. Then, in terms of different operative approaches, all the participants were classified into the multiport group, TU-LESS group, and vNOTES group (Figure 1).


[image: Figure 1]
FIGURE 1
The selection process for this study.




Data collection

The information of all patients were collected from the hospital database, including patient's age, body mass index (BMI), maximum diameter and location of the myoma, history of previous gravidity and abdominal surgery, operative position, total operation time (from skin incision to closure), blood loss [use Subjective Visual Quantification (26)], simultaneous surgery, intraoperative complications (injuries to the bladder, bowel, and vessels), conversion to another surgical procedure, postoperative serum hemoglobin drop, time of flatus after surgery, postoperative fever [any oral temperature of 38.0°C or more occurring 24 or more hours postoperatively (27)], hospital stay, and postoperative complication [scaled using the Clavien–Dindo complication rating (28)] during the 1-month period after surgery. All patients underwent outpatient review 1 month after surgery to check postoperative recovery and complete clinical data.



Standard operating procedures of vNOTES


Preoperation

For bowel preparation, all the patients were given sodium phosphate oral solution the day before surgery. In addition, patients in vNOTES group were given iodophor vaginal scrubbing twice a day.

All the surgeries were performed under general anesthesia. For both multiport and TU-LESS myomectomy procedures, the patients were placed in the dorsal lithotomy position. For the vNOTES group, some patients in the subgroup of posterior uterine myoma were placed in the prone position (n = 35). Cefmetazole 1 g was given intravenously 30 min before vNOTES surgery for bacterial infection prophylaxis. The vagina and perineal area were sterilized with iodophor and a Foley catheter was indwelled for all patients.



Intraoperation

In the multiport group, we used the four ports technique, including two 12 mm trocars (for the umbilical port and one of lateral ancillary port) and two ports using 5-mm trocars. When undergoing myoma morcellation, an electric motorized morcellator (ROTOCUT G1 Morcellator; Karl Storz Endoskope, Tuttlingen, Germany) was placed through the 12 mm lateral ancillary port. Morcellation was performed according to the standard technique (7). In the TU-LESS group, a 2 cm incision was made at the umbilicus. Then, a multiple-instrument access port (Beijing Aerospace Kadi Technology Development Institute, HK-TH-60.4TY) was inserted through the incision. However, in the vNOTES group, the access paths of the pelvic cavity had various ways (through anterior or posterior fornix), in accordance with the location of the myoma. Operating platform was still built by a multiple-instrument access port.

The next steps were same and were followed in all groups: Pneumoperitoneum was created with up to 14 mmHg of CO2 insufflation and a 10-mm 30° rigid laparoscope (Karl Storz GmbH & Co. KG, Tuttlingen, Germany) was used for visualization. Initially, the location of the fibroid was identified. Then, Pituitrin 6 u was injected into the myometrium and the protruding site was incised by a unipolar hook. After enucleation of the myoma, the uterine wound was closed using 0# barbed absorbable suture (V-LOC 180 Absorbable Wound Closure Suture by Medtronic USA). The mass was bagged and removed from the only incision in the TU-LESS group and the vNOTES group. However, in the multiports group, morcellation was performed according to the standard technique through the 12 mm lateral ancillary port.

If intraoperative injury of large vessels or important organs and bleeding >800 ml occurred, the surgical method will be changed. vNOTES is generally converted to transabdominal single-port laparoscopic surgery, and single-port laparoscopic surgery is converted to multiport surgery. Immediate conversion to open surgery should be made if there is a life-threatening vascular injury.

Peritoneal adhesions were evaluated and classified according to Nair's scoring system. Adhesion is divided into four degrees according to the adhesion between two viscera and viscera and abdominal wall (29).

The abdominal and vaginal wounds were closed with a 2-0 absorbed suture and a 2-0 barbed absorbable suture, respectively. In the multiports group, a drainage tube was implanted in some cases. The drainage tube was not placed conventionally in TU-LESS and vNOTES groups.




Statistical analysis

All statistical analyses were performed with SPSS version 25.0 (IBM, Armonk, NY, United States). Continuous variables are presented as mean and standard deviation and were analyzed by Student's t-test, LSD Student's t-test, one-way analysis of variance, or the nonparametric test. Categorical variables are presented as the count and percentage and were analyzed by the chi-squared or Fisher's exact test. For statistical accuracy, cases with large discrete size (intraoperative bleeding >500 ml) were excluded before data analysis, which will be discussed in the Results section. Linear correlation analysis was used to explore the correlation between blood loss and relevant factors, and was used to analyze the influence factors of operative time, exhaust time, and hospital stay. Multivariable linear regression analysis was used to detect the association between operative fever and related clinical characteristics. All tests were two-tailed, and p < 0.05 was considered statistically significant.




Results

The selection process for this study population is presented in Figure 1. From our hospital, a total of 642 patients with uterine fibroid were initially recruited into this study. After excluding multiple fibroids, simultaneous other surgery, and choosing of hysterectomy/HIFU treatment, a total of 277 patients were available for the final analysis. The descriptive data of the study participants are shown in Table 1. The average age at recruitment was 38.09 ± 7.29 years, and the average BMI was 22.36 ± 2.92. Patients with diabetes and hypertension accounted for 2.2% and 2.5%, respectively. Prior pelvic surgery was performed in 44.8% of these patients, including cesarean section in 36.1%. The proportion of patients in the three groups was as follows: multiport laparoendoscopic surgery 93(33.6%), transumbilical laparoendoscopic single-site surgery (LESS) 90 (32.5%), and vNOTES 94 (33.9%).


TABLE 1 Description of the patients’ demographic characteristics and operation types.

[image: Table 1]

Further analyzing the demographic data, there was no statistically significant differences between the three groups in terms of BMI, surgical history, parity, and maximum diameter of the fibroids. However, significant difference in age distribution was found. Older patients easily chose multiport laparoscopy, while younger patients were more likely to choose the single-port approach (Table 2) (p < 0.001) (Table 2).


TABLE 2 Description of the patient characteristics by myomectomy types.

[image: Table 2]

As Table 2 shows, there were significant differences in the time of surgery among the three groups. Multiple linear regression was used to analyze the effect of perioperative characteristics on the duration of surgery. After adjusting for tumor location, BMI, history of pelvic surgery, and abdominal/vaginal approach, the results revealed that operative time was positively correlated with the tumor size, multi/single-port, and pelvic adhesions. The operative time increased by 3.5 min when the tumor size increased by 1 cm (95% CI, 0.854–6.229, p = 0.01). Especially, switching from multiport laparoscopic to single-port laparoscopic surgery for the same size uterine fibroids, operative time would take 25 min longer (95% CI, 14.710–35.658, p < 0.000). The surgical time was prolonged by 10 min for each grade of pelvic adhesion (95% CI, 3.938–17.022, p = 0.002) (Table 3).


TABLE 3 Association between procedure time and myomectomy types.

[image: Table 3]

To analyze the influencing factors of intraoperative hemorrhage, multivariable linear regression showed that operative bleeding was positively associated with tumor size (beta-value: 11.958, 95% CI, 4.286–19.630, p = 0.002) and operative time (beta-value: 1.117, 95% CI, 0.798–1.436, p < 0.001), and were not found to have a correlation with tumor location, BMI, history of surgery, myomectomy types (multi/single-port or abdominal/vaginal approach), or pelvic adhesion (Table 4). It was known that the length of surgical time was related to the operative type (multiport/single-port). If the operative type and surgical time were included in the study of the influencing factors of intraoperative bleeding, there might be mutual interference. Therefore, we included different variables and conducted multiple linear regression statistical analysis. The results showed that R2 was 0.489 when operative type and surgical time were included, and variance inflation factor of operative type and surgical time was 1.65 and 1.28, respectively. If either variable was excluded, R2 was <0.3, which means that statistical explanatory power decreased. Therefore, we suggest that the operative type and surgical time should be included in the analysis of intraoperative bleeding by multiple linear regression. In addition, there were five patients with intraoperative blood loss >500 ml, which was not included in statistical analysis due to large dispersion. Two of them were in the LESS group and three patients in the vNOTES group. There was no special cause of intraoperative bleeding, except that the uterine fibroids were all larger than 8 cm in size, and one patient had a fibroid size of 15 cm.


TABLE 4 Association between operative bleeding and myomectomy types.

[image: Table 4]

About intraoperative complications, in 277 patients, 1 bladder injury occurred in the LESS group and 1 rectum injury in the vNOTES group. Pelvic adhesions were the cause of both cases. Another special condition was change in the surgical way during procedures. Two cases (2.12%) of surgical conversion occurred in the vNOTES group. In one case, the patient with intraoperative intestinal injury was changed to single-port laparoscopy for repairing the bowel. The other case was the first one of vNOTES myomectomy. To ensure safety, abdominal incision and endoscopy were used to monitor the procedure.

As Table 2 shows, the value of hemoglobin reduction in the multiport group was 10.91 ± 5.11 g/L, in the LESS group 12.11 ± 6.09 g/L, and that of the vNOTES group was 11.78 ± 6.00 g/L; the difference between the three groups was not statistically significant. The length of hospital stay in the Multiport, LESS and vNOTES groups were 4.31 ± 1.36, 4.08 ± 1.42, and 3.67 ± 1.78 days, respectively. The difference between the three groups was statistically significant.

Multivariable linear regression showed that postoperative exhaust time was highly correlated with surgical approach (beta-value: −7.250, 95% CI, −12.347 to −2.153, p = 0.006). Another issue related to exhaustion is the duration of surgery (beta-value: 0.074, 95% CI, 0.020–0.128, p = 0.008) (Figures 2A,B) and were not found to have a correlation with tumor location, BMI, history of surgery, myomectomy types, or pelvic adhesion (Table 4).
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FIGURE 2
The impact of surgical characteristics on postoperative exhaust time. (A) Multivariable linear regression showed that postoperative exhaust time was positively associated with abdominal/vaginal approach type, with the postoperative exhaust time getting reduced by 7.25 h when the surgical approach is changed from transabdominal to transvaginal (beta-value: −7.250, 95% CI, −12.347 to −2.153, p = 0.006) and operative time (beta-value: 0.074, 95% CI, 0.020–0.128, p = 0.008); (B) The postoperative exhaust time was significantly different between the myomectomy types (vNOTES group vs. LESS group, p = 0.004; vNOTES group vs. multiport group, p = 0.007).


We defined any oral temperature of 38.0°C or more occurring at 4 or more hours postoperatively as postoperative fever. The incidence of postoperative fever in the multiport group was 38 (40.9%), 3 (6.7%) in the LESS group, and 25 (26.6%) in the vNOTES group. There was statistically significant difference in the three groups. Noteworthy, 9 patients developed postoperative infection, with 7 (7.5%) from the vNOTES group (Table 2).



Discussion

vNOTES surgery has become a novel type of gynecological micro-non-invasive technology which is prevalent all over the world. It has been proved as a more minimally invasive surgical approach for a variety of gynecological procedures, including ovarian cystectomy, salpingectomy, myomectomy, hysterectomy, and even early-stage cancer surgery (30–32). The advantages of vNOTES include less pain, faster recovery, and better hiding of surgical incisions for cosmetic effects (33). The purpose of this study was to comprehensively evaluate the advantages and disadvantages of traditional multiport laparoscopy, LESS, and vNOTES in uterine myomectomy, so as to provide a more theoretical basis for vNOTES surgery in a wider area in the future.

Previous studies focused on the feasibility of vNOTES in myomectomy (22, 34). Our study is the first to compare three minimally invasive fibroid removal techniques. No difference in the general conditions of patients in each group ensures demographic baseline homogeneity between groups. In the process of preoperative communication with patients, it was obvious that patients of different ages had various concerns. Older patients mostly only care about the approach difference between laparoscopy and laparotomy, and slight concern about difference in the number of ports in the abdomen. However, younger patients are more likely to choose single-port laparoscopy. But considering whether vaginal wounds affect pregnancy and delivery is unknown, and patients who have not delivered are more likely to choose single-port umbilical approach rather than transvaginal approach. Of course, our previous study has shown that vNOTES surgery does not affect subsequent pregnancy and delivery, where more data are needed to prove this (35).

There were significant differences in the operative time among the three groups. Except for the correlation with the two inherent variables (fibroids size and pelvic adhesion), the operative time was significantly correlated with the number of ports. Whether single-port surgery is through the umbilicus or the vagina, the operative time is more than the multiport laparoscopy. Under the same conditions, the time of single-port laparoscopic surgery was extended by 25 min. The main reason is the difficulty of single-port laparoscopy, such as mutual interference between instruments, no assistant's help, passive position of the surgeon, etc. (36–38). However, the overall time extension is not very much, being within the acceptable range. It is worth mentioning that the introduction of robotic surgery, thanks to the instruments articulation and the precision of movement, made possible to improve these difficulties (39, 40). In addition, single pore has the advantage of safe and effective specimen removal, avoiding tumor spread caused by morcellation (41, 42). The advantage of vNOTES in specimen removal is much more significant, mainly because the vaginal wall is more elastic than the navel, and less dependent on muscle relaxants.

Another information of concern is the intraoperative blood loss. Our data showed that there were differences in intraoperative bleeding among the three groups, but this diversity was caused by the size of uterine fibroids and the time of surgery, not by the surgical approach. Five patients with intraoperative blood loss >500 ml were not included in statistical analysis due to large dispersion. We analyzed these five patients separately. Two of them were in the LESS group and three in the vNOTES group. There was no special cause of intraoperative bleeding, except that the uterine fibroids were all larger than 8 cm in size, and even one patient had a fibroid of 15 cm. Previous studies have shown that when the diameter of fibroid was relatively large, the blood loss in the multiport group was less than that of the LESS group (43, 44). Despite the excessive bleeding, there was no transfer to other operations and the surgery was continued and completed safely.

In our study, two patients in the vNOTES group underwent two surgical approaches. One case was the first vNOTES myomectomy performed in our hospital. To ensure the safety and feasibility of the operation, the surgery was performed with an umbilical endoscopic monitor. The second patient had rectal injury and was transferred to transumbilical single-port laparoscopy for rectal repair. This patient was discharged successfully after in situ repair without fistula. The 2.12% intraoperative conversion rate is consistent with previous findings (45, 46). The major complication of vNOTES surgery is injury to adjacent organs, especially the rectum, and injury occurs mostly during the establishment of the operating platform. Our experience included a careful inquiry about the history of dysmenorrhea and a physical examination to assess uterine mobility and tenderness of tubercles on the surface of the sacro ligament. Vaginal ultrasound can also be used to assess the sliding of the uterus on the anterior wall of the rectum in real time.

Then, compared with the postoperative recovery of patients in the three groups, vNOTES had obvious advantages in postoperative exhaust time. Thus, patients required shorter postoperative hospitalization time and less expense. The main reasons for early postoperative exhaust time are as follows. First, vNOTES surgery is basically performed in the pelvic cavity and has little influence on the upper abdomen. Second, the intestine was pushed up to the level of the true pelvis before surgery, so that the surgical instruments would not repeatedly touch the intestinal canal. This would reduce the stimulation of the intestinal tract. Moreover, since the surgical perspective is upward, the blood gathers between the endoscopic body and the target area, and so the blood should be washed continuously during the operation to ensure a clear visual field. As a result, the postoperative residual blood volume in the abdominal cavity is significantly reduced, resulting in less chemical stimulation, less release of inflammatory factors, and faster recovery of intestinal function. Finally, the vNOTES platform is based on the posterior vaginal fornix, where visceral nerves are distributed mainly. It is different from the abdominal platform that damages the somatosensory nerves. Thus, vNOTES patients have less postoperative pain, which is beneficial for them to get out of bed and promote intestinal peristalsis more quickly.

Despite these advantages, our study found an increased risk of infection after the vNOTES procedure, which is inconsistent with previous studies (47–49). Pelvic infection occurred in seven patients in the vNOTES group. It is a too small number to be statistically analyzed, but the reason was definitely related to the approach of the surgery. This suggests that patients receiving vNOTES need to use antibiotics during the perioperative period and be more strict in preoperative vaginal disinfection. Meanwhile, It should be noted that vNOTES is not applicable to all myomectomies. For fibroids at the bottom of the uterus or broad ligament, vNOTES is not applicable due to the limitations of its field of vision and surgical instrument scope. Our study found that if the fibroids are too low to be stably placed, ports are also not suitable for this technique. For multiple uterine fibroids located simultaneously in the anterior and posterior walls of the uterus, due to the need for two approaches to open the anterior and posterior vaults separately, more trauma caused and manipulation steps are cumbersome, so it is not included in the scope of myomectomy with vNOTES. In addition to the fibroids located at the above-mentioned special site, this technique is not suitable for patients with severe endometriosis, previous pelvic infection, and uncured vaginitis. However, obesity and history of pelvic surgery are not contraindications for this approach.

The merits of our study are the specialized study population and the standard operating procedures of vNOTES. The participants were screened using strict inclusion and exclusion criteria for this retrospective study. Patients with multiple uterine fibroids were excluded. According to the postoperation pathological report, patients with adenomyoma were also excluded. Additionally, all patients underwent outpatient review 1 month after surgery to check postoperative recovery and complete clinical data, resulting in a comprehensive study design. In addition, our hospital has carried out vNOTES since 2018; the number of vNOTES is nearly 2000 cases per year in recent two years, and now there is quite mature experience and standard operating procedures of vNOTES.

This preliminary study adds to our understanding of multiport, transumbilical single-site, and transvaginal natural orifice endoscopic surgery for myomectomy; however, it has some limitations that should be considered. First, the sample size in this study was relatively modest compared with similar studies on multiport and TU-LESS. Second, this study is a retrospective study and vNOTES has been used in gynecology only for 5 years. Prospective follow-up of women after myomectomy can more clearly clarify their short- and long-term complications, as well as the potential effects of vNOTES on patients’ sexual function, pregnancy, and vaginal delivery. To achieve this goal, a large-scale study involving more patients and different types of gynecological diseases with vNOTES conducted in multiple centers is required.



Conclusions

Therefore, our study confirms that vNOTES is equally safe and effective in uterine myomectomy compared with multiport and single-port laparoscopy, and can be used as a routine procedure for patients. vNOTES patients recover faster after surgery, but still attention should be paid to preoperative evaluation, strengthen preoperative disinfection and vaginal preparation, timely conversion during surgery, call experienced doctors on stage, and routine use of antibiotics to prevent postoperative infection.
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