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A comparative study of prone split-leg
position and lithotomy position in posterior
uterine myomectomy by transvaginal natural
orifice transluminal endoscopic surgery
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Abstract

Background To assess and compare the efficiency and outcomes between prone split-leg position and lithotomy
position in posterior uterine myomectomy by transvaginal natural orifice transluminal endoscopic surgery (vNOTES).

Methods 33 patients with posterior uterine myomectomy by vNOTES in the prone split-leg position and 15 patients
in the lithotomy position were retrospectively recruited. Important baseline characteristics and outcome parameters
such as age, body mass index, volume of myoma, delivery mode, hospital length, intraoperative blood loss,
hemoglobin values before and 72 h after operation, VAS score, operation time and operation preparation time were
compared between two patient groups.

Results The operation time of the prone split-leg position group was significantly shorter than that of the lithotomy
position group (P < 0.05), but the operation preparation time of the prone split-leg position group was longer than
that of the lithotomy position group (P<0.05). No significant difference was found in other indicators between the
two patient groups.

Conclusions Our study suggests the potential application of the prone split-leg position in posterior uterine
myomectomy by vNOTES.
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Background

Natural orifice transluminal endoscopic surgery
(NOTES) is an evolving minimally invasive modality that
uses the natural orifice of the human body, such as per-
foration of the oral cavity, anus, vagina, or urethra and
viscera, as the surgical channel for endoscopic access to
the abdominal cavity to reach the target tissue for opera-
tion [1]. This surgical technique obviates the necessity
for abdominal incisions, thus mitigating incision-related
complications including postoperative abdominal wall
pain, incision infection and hernia, and achieving higher
cosmetic requirements. NOTES has gained significant
adoption in gynecology, particularly in surgeries such as
adnexal surgery, hysterectomy, and myomectomy [2].

Its transvaginal iteration, known as transvaginal
NOTES (vNOTES), has experienced significant adoption
in gynecological surgery, such as adnexal surgery, hyster-
ectomy, and myomectomy [2]. However, the application
of YNOTES to posterior uterine fibroids is relatively lim-
ited due to the restrictions of vision and surgical oper-
ating space. Therefore, it is necessary to identify a more
suitable surgical position for myomectomy of the poste-
rior uterine wall of the uterus by vYNOTES. The lithotomy
position is commonly used in gynecological surgery [3,
4], however, it presents challenges when addressing myo-
mas situated on the posterior uterine wall. Employing
diverse instruments to operate within the vesicorectal
depression in this posture is akin to conducting surgery
on a “ceiling’, with poor vision and limited manipulation
space, thus increasing the difficulty of surgery.

Recent studies in gynecology have highlighted the
growing popularity of the vVNOTES approach in various
gynecological procedures. For instance, one study com-
pared VNOTES with conventional laparoscopy in bilat-
eral salpingectomy for permanent female sterilization,
demonstrating that vNOTES was associated with lower
postoperative pain, reduced analgesic use, and higher
patient satisfaction [5]. In a similar vein, another evalu-
ation of VNOTES in gynecological emergencies, includ-
ing ectopic pregnancy and ovarian torsion, found that
VNOTES resulted in significantly shorter surgery times,
reduced postoperative pain, and shorter hospital stays
compared to conventional laparoscopy [6]. Moreover,
further research has reinforced the feasibility and safety
of YNOTES for treating benign gynecological conditions,
confirming its potential as a minimally invasive alterna-
tive to traditional laparoscopic methods [7]. Building on
this, a study exploring the ‘VNOTES first’ strategy for
benign gynecological surgeries revealed that it led to
shorter hospital stays, lower pain scores, and improved
patient satisfaction [8]. Additionally, evidence support-
ing vNOTES in treating pelvic organ prolapse and myo-
mectomy has shown excellent functional and anatomical
outcomes [9]. Finally, the successful use of YNOTES in a
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pregnant woman for managing acute abdominal pain fur-
ther emphasized its safety and lack of long-term negative
effects on pregnancy and vaginal birth [10].

To enlarge the surgical field of vision, shorten the oper-
ation time, and reduce the use of anesthetic drugs, our
surgical team has tried to use the prone split-leg position
as the surgical position for myomectomy of the poste-
rior wall of the uterus by vNOTES, and we assessed the
potential differences between lithotomy position and
prone split-leg position in myomectomy of the posterior
wall of the uterus by vNOTES. In this study, we aimed
to assess and compare the important baseline character-
istics and outcome parameters such as age, body mass
index, volume of myoma, delivery mode, hospital length,
intraoperative blood loss, hemoglobin values before and
72 h after operation, VAS score, operation time and oper-
ation preparation time between prone split-leg position
and lithotomy position in posterior uterine myomectomy
by vNOTES, thus providing new evidence in clinical
practice for patients with posterior uterine myomectomy.

Methods

Baseline characteristics

This is a single-center, retrospective study. Patients who
underwent myomectomy of the posterior wall of the
uterus by vNOTES in Chengdu Women’ s and Children’s
Central Hospital from January 2019 to August 2022 were
included in this study. As this is a retrospective study,
patients were not randomized in the traditional sense.
Instead, they were grouped based on their clinical treat-
ment choice: those who underwent myomectomy in
the prone split-leg position (PSP group) and those who
underwent myomectomy in the lithotomy position (LP
group). All the patients were diagnosed as uterine leio-
myoma by postoperative pathological examination, and
preoperative and intraoperative imaging confirmed sin-
gle uterine leiomyoma located in the posterior wall of the
uterus. This study was approved by the ethics committee
of Chengdu Women’ s and Children’ s Central Hospital.

Inclusion and exclusion criteria

The inclusion criteria of patient collection in this study
were as follows: (1) Women over 18 years old with a clear
surgical pointer; (2) Stable vital signs allow for laparo-
scopic surgery; (3) patients can understand the research
program and are willing to participate in this study,
providing written informed consent. And the exclu-
sion criteria were shown as follows: (1) acute infection
stage, preoperative deep venous thrombosis or hyper-
coagulability, fasting blood sugar>11.1 mmol/l, blood
pressure>160/100 mm Hg, liver and kidney dysfunc-
tion, mental illness and other surgical contraindications;
(2) a history of rectal surgery, suspected of rectovaginal
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septum endometriosis, tumors, or severe adhesions; (3)
virginity; (4) pregnancy.

Grouping and surgery

The patients were divided into PSP group and LP group.
(1) PSP group: After general anesthesia with endotracheal
intubation in the supine position, the patient was placed
in the prone split-leg position, with the legs separated
and the head deviated to one side to facilitate endotra-
cheal tube patency. A gel pad was placed on the operating
table before the patient was placed in the prone split-leg
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position to prevent pressure ulcers. CO2 pneumoperito-
neum was performed, and the intra-abdominal pressure
was carefully controlled and maintained below 14 mmHg
to ensure proper abdominal expansion, which is essen-
tial for optimal visualization and surgical access (Fig. 1).
(2) After general anesthesia with endotracheal intuba-
tion in the supine position, the patient was placed in the
LP. Upon achieving the requisite positioning, the surgi-
cal procedure was executed for both cohorts of patients.
The sequence of steps followed was as follows: First, the
posterior vaginal vault was incised in the Douglas pouch,
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Fig. 1 Preparation of instruments. This image shows the preparation of essential surgical tools and equipment prior to surgery, ensuring all necessary

tools are ready for the procedure
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Fig. 2 Positioning of the patient. (A) Prone position. This image shows the patient set up in the prone split-leg position, providing optimal visibility and
working space for the surgery. (B) Detailed setup of the prone split-leg position. This image illustrates the detailed setup, highlighting support pads and
head alignment to ensure patient stability and comfort

B

Fig. 3 Intraoperative process. (A) Posterior uterine myoma. This intraoperative image shows the posterior uterine myoma, with clear markings indicating
the location of the fibroid and surrounding structures, providing a reference for the myomectomy procedure. (B) Enucleation of the myoma. This image

demonstrates the enucleation of the myoma, showing how the fibroid is dissected and separated from the uterine wall

and PORT (a VONTES dedicated device) was placed.
CO, pneumoperitoneum was accessed, and the intra-
abdominal pressure was kept below 14 mmHg. After the
location of the myoma was determined, the pituitrin 6U
was injected into the myometrium of the uterus and the
protrusion site was incised with a monopolar hook. Myo-
mectomy was performed in the same way as conventional
laparoscopic surgery. The mass was then bagged and cut
into pieces if necessary. Last, the vaginal vault incision
was sutured. All surgical procedures were performed by
the same surgical team.

To ensure optimal surgical access and patient stability,
Fig. 2 (A) shows the patient in the prone split-leg posi-
tion, which allows for clear visibility during posterior
uterine myomectomy. Figure 2 (B) further illustrates
the detailed setup of this position, emphasizing the use
of support pads and proper head alignment to maintain
the patient’s stability and comfort throughout the proce-
dure. Intraoperatively, Fig. 3 (A) clearly shows the pos-
terior uterine myoma, highlighting its location and the

surrounding structures, which aids in precise dissection.
Figure 3 (B) demonstrates the enucleation process of the
myoma, depicting how the fibroid is separated from the
uterine wall and prepared for removal.

To preempt potential infection, 1 g cefmetazole was
intravenously administered within 30 min preceding the
procedure, followed by additional doses at 12-hour inter-
vals. All patients received a patient-controlled analgesia
pump to relieve postoperative pain. Before discharge,
three criteria necessitated fulfillment including: (1) nor-
mal body temperature for at least 24 h; (2) no surgical
complications; (3) normal blood routine test results [11].

Indicators

The indicators including baseline characteristics and out-
come measures were analyzed and compared between
PSP group and LP group. The baseline indicators include
age, body mass index (BMI), volume of myoma and deliv-
ery mode, and the outcome indicators contained hospi-
tal length, intraoperative blood loss, hemoglobin values
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Table 1 Baseline information of patients
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Characteristic prone position lithotomy position P-value Statistical method
(n=33) (n=15)
Age (year) 38.18+7.73 3733+749 0.724 t-test
BMI (kg/mz) 2185+4.35 22.25+299 0.991 Kruskal-Wallis test
Volume of 92.61+63.23 9237+61.64 0.833 Kruskal-Wallis test
myoma (cm?)
Delivery mode
Undelivered 6 (18.18%) 3 (20%) 0.387 Chi-squared test
Vaginal delivery 13 (39.39%) 7 (46.67%)
Cesarean section 14 (42.42) 4 (26.67%)
Vaginal delivery & Cesarean section 0 1(6.67%)
Note: BMI, body mass index
Table 2 Outcome measures
Characteristic Prone position Lithotomy position P-value Statistical method
(n=33) (n=15)
Intraoperative blood 61.21+68.59 88.00+111.11 0.592 Kruskal-Wallis test
loss (ml)
Hemoglobin changes before and 72 h after operation (g/dl) 17.09+£10.82 19.80+10.96 0427 t-test
VAS score 0.85+0.508 0.73+0.59 046 Kruskal-Wallis test
Hospital length (day) 3.97+233 433+1.63 0.144 Kruskal-Wallis test
Operation time (minute) 93.39+2844 11267+31.57 0.041 t-test
Operation preparation time (minute) 21.64+7.94 15.80+5.82 0.016 Kruskal-Wallis test

Note: VAS, visual analog scale

before and 72 h after the operation, VAS score, opera-
tion time and operation preparation time. Among these,
preoperative preparation time refers to the period from
the start of anesthesia to the start of surgery; the volume
of myoma was calculated with the ellipsoidal formula
according to the size measured by ultrasound: L x W x
D x 0.523, where L=length, W=width, and D=depth
[11]; the VAS score was as follows: 0 =no pain, 1-3 = mild
pain, 4—6 = moderate pain, 7-10 = severe pain.

Statistical analysis

SPSS 23.0 software was used for statistical descrip-
tive analysis, the enumeration data were presented as
mean * standard deviation. An independent sample ¢-test
was used to compare the data between the two groups.
Kruskal Wallis test was used for continuous variables
when comparing three or two treatment groups, respec-
tively. P<0.05 was considered statistically significant.

Results

Characteristics of the patients

A total of 48 subjects were included in this study, includ-
ing 33 patients in PSP group and 15 patients in the LP
group. As shown in Table 1, the age of patients in PSP
group was 38.18+7.73 years old, and 37.33+7.49 in LP
group. Besides, basic indicators including BMI, volume of
myoma and delivery mode such as undelivered, vaginal
delivery, cesarean section, and vaginal delivery & cesar-
ean section were also evaluated, and the statistical results

showed that no significant differences were found in
baseline data including age, BMI, volume of myoma and
delivery mode in two groups (all P>0.05) (Table 1).

Comparison of surgery outcome indicators between both
PSP group and LP group

To assess the difference in operation outcomes in both
patient groups, we analyzed and compared the indica-
tors including intraoperative blood loss, hemoglobin val-
ues before and 72 h after operation and VAS score. The
results indicated that the intraoperative blood loss exhib-
ited a mean of 61.21+68.59 ml in the PSP group, and
88.00+111.11 ml in the LP group. Regarding hemoglo-
bin changes before and 72 h after the operation, the PSP
group displayed a mean of 17.09+10.82 g/dl, while the
LP group showed a mean of 19.80+10.96 g/dl. The VAS
scores were measured at two time points: 6 h and 24 h
postoperatively. At 6 h, the VAS score was 0.85+0.508
in the PSP group and 0.73+0.59 in the LP group. At
24 h, the scores were 0.91+0.536 in the PSP group and
0.82+0.71 in the LP group. Further statistical results sug-
gested that there were no significant differences in each
indicator between these two position groups (all P>0.05)
(Table 2).

Comparison of operation-related period indicators in
between PSP group and LP group

We further analyzed the operation-related period indi-
cators between the two groups, such as hospital length,
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operation time and operation preparation time. As rep-
resented in Table 2, hospital length of stay was observed
to be 3.97+2.33 days in the PSP group and 4.33+1.63
days in the LP group without significant difference. How-
ever, we found that the operation time in PSP group
(93.39 £ 28.44 min) was significantly short compared with
LP group (112.67 +31.57 min) (P<0.05). Besides, in terms
of operation preparation time, the PSP group had a mean
time of 21.64 +7.94 min, which was longer than LP group
(15.80 £ 5.82 min) (P<0.05).

Discussion

In this study, we investigated the efficiency and outcomes
between PSP and LP groups in posterior uterine myo-
mectomy by VNOTES. We analyzed a series of important
baseline characteristics and outcome parameters, and the
results indicated that PSP group has significantly shorter
operation time and longer operation preparation time,
when compared with LP group. No significant differences
were found in other indicators between the two patient
groups. Moreover, there were no unplanned readmis-
sions in the present, and no severe complications such as
massive hemorrhage, postoperative infection, or surgical
injury occurred in both groups. Our findings suggest that
altering the body position and increasing the surgical
operating space can effectively reduce the duration of the
procedure, which is in line with the concept that optimiz-
ing patient positioning can lead to enhanced surgical effi-
ciency and decreased operation time.

The concept of NOTE was first introduced by Kal-
loo et al. [1] in 2004, revolutionized surgical techniques
by utilizing natural orifices as access routes to the peri-
toneal cavity. Previous studies have compared the feasi-
bility and safety of intraperitoneal surgery through the
stomach, anus, urethra, and vagina, and compared the
route of vaginal access to the pelvic and abdominal cavity
is less complex than [12, 13, 14]. Thus, the transvaginal
natural orifice surgical approach is used in various sur-
gical procedures, including appendectomy [15], chole-
cystectomy [16], and sigmoid colectomy [17]. Since its
inception, this approach has been embraced and adapted
for various surgical procedures, with transvaginal NOTE
(namely vNOTES) being particularly relevant in gynecol-
ogy. In 2012, Ahn et al. [18] first published on the safety
and efficacy of NOTE in gynecological surgery. Safe and
effective implementation of the VNOTE procedure in
urology leads to more options for gynecologic surgical
approaches [19].

Since the safety and feasibility of vNOTES for myo-
mectomy of the posterior wall of the uterus have been
demonstrated in our previous studies [11], we have tried
to avoid the use of the same patient data in the present
study. Currently, apart from our study, there are no rel-
evant studies on myomectomy of the posterior uterine
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wall in a prone split-leg position. Here, the present study
contributes to the growing body of knowledge surround-
ing VNOTES. By establishing a surgical approach through
the posterior vaginal fornix and adopting the split-leg
position, we effectively reposition the myoma, enhancing
surgical visibility and decreasing procedural complexi-
ties. Moreover, this approach reduces the need for mul-
tiple surgical assistants, thus streamlining the surgical
process.

Strengths of the prone split-leg position include
enhanced surgical visibility and increased manipula-
tion space, which can significantly shorten operation
time. This positioning approach reduces the complexity
of posterior uterine myomectomy by providing a better
field of view, allowing for a more efficient procedure with
fewer surgical assistants. However, the main limitation
of this technique is the longer preoperative preparation
time, which arises from the complexity of positioning
the patient and requiring additional personnel for assis-
tance. Moreover, this position may not be suitable for all
patients, particularly those with comorbidities such as
obesity or severe spinal deformities, where positioning
may be difficult or less effective.

In support of these findings, a similar study by Kumar
et al. (2022) [20] compared the lithotomy and prone posi-
tions in perianal surgery. Their study demonstrated that
the prone position offered significantly better ergonom-
ics, reduced physical and mental stress for the operating
team, and improved exposure of the surgical site com-
pared to the lithotomy position. These results align with
our study’s findings, which suggest that optimizing surgi-
cal positioning can improve visibility, reduce complexity,
and enhance surgical efficiency.

There existed a noticeable distinction in the preopera-
tive preparation time between the two studied groups,
which was significantly longer in PSP group than that of
LP group. For the preoperative preparation of group PSP,
the patient was placed in the prone split-leg position after
tracheal intubation [21, 22]. During this process, an anes-
thesiologist undertook the safeguarding of the patient’s
head and tracheal intubation, while an additional team of
2—4 preparatory personnel facilitated a 180-degree rota-
tion of the patient. This procedural step contributed to
an extension of the preoperative preparation time, and
the augmentation of preparatory personnel numbers was
noted, particularly in scenarios of higher patient body
mass index. In contrast, the LP group required a reduced
number of 1-2 preparatory personnel to achieve the
appropriate lithotomy position following endotracheal
intubation anesthesia. To solve this problem, we sought
to invent an automated device that could flip the patient
through the device into the prone split-leg position, and
then the operation preparation personnel placed the
patient in the appropriate prone split-leg position, thus
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Fig. 4 Repair of the uterine defect. This image shows the repair of the uterine defect after myomectomy, with fine suturing ensuring the integrity of the
uterine wall and minimizing postoperative complications

reducing the preoperative preparation time for the prone
split-leg position.

From January 2019 to August 2022, our hospital suc-
cessfully applied vNOTES in more than 3000 cases. By
establishing the surgical approach through the poste-
rior vaginal fornix and placing the patient in the prone
split-leg position, we were able to transform the poste-
rior myoma into an “anterior” position, which shortens
the operation time, increases the surgical field exposure,
reduces the difficulty of the procedure, and minimizes
the patient’s anesthesia time. Moreover, while the appli-
cation of LP for myomectomy typically requires a larger
number of surgical assistants due to the complexities of
the procedure, the prone split-leg position simplifies the
process, requiring only one main surgical knife and one
mirror holder, thus reducing the investment of surgical
staff and improving the overall efficiency of surgery. The
repair of the uterine defect after myomectomy is a cru-
cial step in the procedure. Figure 4 illustrates this phase,
where the fine suturing technique ensures the integrity
of the uterine wall, minimizing potential postoperative
complications and facilitating recovery. These findings
highlight the advantages of the prone split-leg position in
improving the efficiency, safety, and outcomes of poste-
rior uterine myomectomy.

Conclusions

Collectively, our study compared the difference of the
efficiency and outcomes between PSP and LP groups in
posterior uterine myomectomy by vNOTES. Our results
underscore the transformative benefits derived from the
surgical strategy centered on the posterior vaginal fornix
approach and the adoption of the prone split-leg posi-
tion. We suggested that a prone split-leg position may
be considered as a helpful surgical position for myomec-
tomy. However, it is necessary to continue to expand the
sample size and conduct a comparative study with more
dimensions to compare the differences between these
two positions due to the small sample size in our future
work.

Abbreviations

vNOTES transvaginal natural orifice transluminal endoscopic surgery
NOTES Natural orifice transluminal endoscopic surgery

PSP group  prone split-leg position group

LP group lithotomy position group
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