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ABSTRACT

Introduction: Vaginal natural orifice translu-
minal endoscopic surgery (vNOTES) hysterec-
tomy has shown benefit in postoperative pain
and operation time compared to laparoscopic
hysterectomy in recent studies. However, no
prospective studies comparing laparoendo-
scopic single-site (LESS) and vNOTES hysterec-
tomy have been performed. This study aims to
evaluate postoperative pain and safety of
vNOTES hysterectomy compared to LESS hys-
terectomy for benign uterine disease.
Methods: This study is a prospective, investi-
gator-initiated randomized controlled pilot
trial. A total of 26 patients were randomized and
allocated to vNOTES group (n = 13) and LESS
group (n = 13). The primary outcome was
postoperative abdominal and vaginal pain
evaluated 24 h after surgery. Secondary out-
comes included the number of additional

analgesics administered and the maintenance
rate of patient-controlled analgesia (PCA).
Results: No differences were shown in baseline
characteristics between the two groups. Opera-
tion time was longer in the LESS group (median,
55 vs. 75 min; P = 0.027), and there were no
differences in estimated blood loss, postopera-
tive hemoglobin level, surgical indications, and
hospitalization days. Postoperative abdominal
pain intensity did not differ between the two
groups, while the vNOTES group showed higher
postoperative vaginal pain than the LESS group
at 16 and 24 h after surgery (median, 3 vs. 1 and
2 vs. 0, P = 0.007 and P = 0.010, at 16 and 24 h
respectively). No differences were shown in the
number of additional analgesics and PCA use
between the two groups.
Conclusions: vNOTES hysterectomy can be
safely performed for benign uterine disease
requiring hysterectomy. However, vNOTES
hysterectomy might be associated with higher
postoperative vaginal pain intensity compared
to LESS hysterectomy.
Trial Registration: CRIS identifier
KCT0004605.
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Key Summary Points

Why carry out this study?

Vaginal natural orifice transluminal
endoscopic surgery (vNOTES) approach
for benign uterine disease is feasible and
safe according to previous studies, but the
postoperative pain reduction effect of
vNOTES is controversial.

This study aims to evaluate whether
vNOTES could reduce postoperative pain
compared to laparoendoscopic single-site
(LESS) surgery on women requiring
hysterectomy for benign disease.

What was learned from the study?

Postoperative abdominal pain did not
differ between the two groups, but vaginal
pain was higher in the vNOTES group
compared to the LESS group.

vNOTES may not reduce postoperative
pain, but further study is needed because
the patient-controlled analgesia usage
may have masked the postoperative pain
difference.

INTRODUCTION

Vaginal natural orifice transluminal endoscopic
surgery (vNOTES) approach is familiar to gyne-
cologic surgeons proficient in vaginal surgeries.
Several study groups demonstrated the safety of
vNOTES hysterectomy compared to conven-
tional laparoscopic hysterectomy [1–5]. Fur-
thermore, the possibility of vNOTES having less
postoperative pain than laparoscopic surgery
has also been suggested [2–7]. However, previ-
ous studies have mainly compared multiport
total laparoscopic hysterectomy to vNOTES,
which limits the exact comparison because of
the difference in the location and number of
trocar entry sites [1, 2, 4–7]. There has been only
a single retrospective study that compared

single-port laparoscopic-assisted vaginal hys-
terectomy with vNOTES, which showed no
advantage in pain or surgical outcomes except
shorter operative time and hospital stay in the
vNOTES group [3].

A recent systematic review and meta-analysis
that compared vNOTES hysterectomy to
laparoendoscopic single-site (LESS) approach for
benign indications yielded outcomes of one
randomized controlled trial and five retrospec-
tive cohort trials [8]. Although vNOTES hys-
terectomy showed significantly shorter
operation time and decrease in estimated blood
loss, there were no differences in operative
complications and postoperative pain scores.
Likewise, clinical outcomes including the pain
profiles of vNOTES hysterectomy compared to
LESS surgery vary among studies and are largely
unknown, which warrants a prospective clinical
trial.

As minimally invasive surgical methods,
LESS and vNOTES hysterectomy are assumed to
be both cosmetically advantageous in terms of
appearance because there is no scar. However,
postoperative pain and safety evaluations have
not been prospectively evaluated. We hypoth-
esized that vNOTES hysterectomy may reduce
postoperative pain compared to LESS hysterec-
tomy. Therefore, we designed a randomized
controlled pilot study to evaluate postoperative
pain and safety after LESS and vNOTES hys-
terectomy for benign uterine disease.

METHODS

Study Design

This study was a prospective, investigator-initi-
ated randomized controlled pilot trial to evalu-
ate the postoperative pain difference and
clinical outcomes in vNOTES and LESS hys-
terectomy. Seoul National University Institu-
tional Review Board approved the study (H-
1909-137-1066), which was registered on the
Clinical Research Information Service (CRIS)
registry before the first patient enrollment (CRIS
identifier KCT0004605). This study was per-
formed in accordance with the Helsinki
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Declaration of 1964 and its later amendments,
and all participants signed the informed con-
sent form.

Sample Size

This study was designed as a pilot study because
the postoperative pain score data in vNOTES
and LESS hysterectomy have not been investi-
gated in previous studies, and for this reason, 12
participants were assigned in each group [9].
Considering the dropout rate of 10%, we plan-
ned to enroll a total of 26 patients.

Participants

Women who required hysterectomy because of
benign uterine disease or abnormal uterine
bleeding were screened for this study. The
inclusion criteria were as follows: women of age
19 years or more and under the age of 80 years;
suitable for endoscopic surgery evaluated by the
American Society of Anesthesiologists Physical
Status (ASA) classification 1 or 2; signed to the
informed consent form. The exclusion criteria
were as follows: age of less than 19 years or over
the age of 80 years; pregnant or breastfeeding;
no history of sexual intercourse; suspected of
pelvic malignancy; women who have received
three or more cesarean sections; suspected of
posterior cul de sac obliteration by gynecologi-
cal examination.

Randomization

A reproducible randomization table was gener-
ated using a web-based program and managed
by a third-party gynecologist unrelated to the
study. Participants who meet the eligibility cri-
teria were sequentially assigned to the experi-
mental and control group at a ratio of 1:1
immediately before surgery. The randomization
results were disclosed to both the investigator
and the study subjects because of the nature of
this study. The patients allocated to the exper-
imental group underwent vNOTES hysterec-
tomy (vNOTES group), while the patients
allocated to the control group underwent LESS
hysterectomy (LESS group).

Procedures

All surgeries were performed by an expert
gynecologist (HSK) according to a consistent
standard operating procedure. For vNOTES
patients, hysterectomy was performed accord-
ing to the procedure reported previously [10].
First, the vaginal incision was made around the
cervix. Then, the vesicouterine and the
rectouterine pouch were developed, and bilat-
eral uterosacral ligaments were incised. After
insertion of One Port Plus� (MEDIFINE Corpo-
ration Co., Ltd, Gyeonggi-do, Korea) through
the vagina, carbon dioxide (CO2) gas was
infused with a pressure of 12 mmHg. A 10-mm
rigid 0� laparoscope was used (Karl Storz, Tut-
tlingen, Germany), and both parametrium and
uterine arteries were coagulated and cut with
the energy device. After the hysterectomy was
completed, vaginal cuff closure was done
extracorporeally with continuous locking
suture with 1–0 vicryl.

Patients allocated to the control group
underwent LESS hysterectomy. A single umbil-
ical incision of 2 cm was made, and the surgeon
used the open technique to approach the peri-
toneal cavity. One Port Plus was inserted to the
umbilical incision, and a 5-mm rigid 30�
laparoscope (Karl Storz, Tuttlingen, Germany)
was used. Hysterectomy was performed, and the
specimen was withdrawn through the vagina.
After that, vaginal cuff closure was done intra-
corporeally with barbed suture.

For all participants, salpingectomy was done
after preoperative counseling, and concomitant
oophorectomy was performed in menopausal
women. Anesthesiologists applied patient-con-
trolled analgesia (PCA) after surgery upon
patient consent. PCA was composed of 1000 lg
of fentanyl without basal flow. Bolus amount
was 10 lg with lockout time of 6 min. Postop-
erative pain was evaluated on the basis of the
written nursing protocol developed for this
trial. The nursing staff assessed the patients’
abdominal and vaginal pain intensity immedi-
ately after arriving at the ward and every 8 h
until discharge using the numeric rating scale
(NRS). Abdominal pain refers to pain on the
abdomen and pelvis, and vaginal pain refers to
pain in the perineal area and both sites were
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assessed separately according to the patients’
pain complaints. Patients were asked to rate
their pain intensity on a scale from 0 to 10,
where 0 represents no pain at all and 10 being
the worst pain possible [11]. If the pain score
was 4 or more at any site by NRS [12], 50 mg of
tramadol was immediately administered by an
intravenous route. When the pain did not
improve upon reevaluation after 30 min, an
additional nonsteroidal anti-inflammatory drug
(dexketoprofen 50 mg) was administered intra-
venously. In patients complaining of side effects
(dizziness, nausea) due to PCA infusion, its use
was discontinued upon patient request. Pain
evaluation and management were performed in
the same manner regardless of PCA use. Nons-
teroidal anti-inflammatory drug (zaltoprofen
80 mg) was given orally three times daily from
24 h after surgery and for 7 days thereafter.

Outcome Measures

The primary outcome was postoperative
abdominal and vaginal pain at 24 h after sur-
gery by NRS score. The secondary outcome
regarding the postoperative pain included the
NRS pain score recorded every 8 h up to 48 h
post-surgery, the frequency of additional anal-
gesics administered, and maintenance rate of
PCA at the time of the postoperative pain eval-
uation. Also, we measured the estimated blood
loss, transfusion, postoperative hemoglobin
level at 24 h after surgery, days of hospitaliza-
tion, postoperative complications, and the rate
of reoperation within 6 weeks.

Statistical Analysis

We analyzed categorical variables between two
groups using the chi-square test. Non-paramet-
ric variables of two groups were analyzed using
the Mann–Whitney U test. All statistical analy-
sis was regarded as significant in cases of
P\ 0.05, and SPSS software version 23.0 (SPSS
INC., Chicago, IL, USA) was used for analysis.

RESULTS

Participants

A total of 29 patients were assessed for eligibility
from February 2020 to September 2020. Finally,
26 patients were randomized into the control
and experimental groups, and all 26 patients
were included for analysis in the per-protocol
population (Fig. 1). There were no differences in
age, ASA score, indications for surgery, parity,
and the number of previous cesarean sections;
however, body mass index (BMI) showed a dif-
ference between the two groups (median, 23.8
vs. 21.8; P = 0.044; Table 1).

Operative Outcomes

In terms of operative outcomes, the vNOTES
group showed a shorter operation time than the
LESS group (median, 55 vs. 75 min; P = 0.027).
Otherwise, there were no differences in the
estimated blood loss, transfusion rate, preoper-
ative and postoperative hemoglobin level,
operation type, final pathologic diagnosis, and
postoperative complications. Also, we docu-
mented the cases of vaginal orifice laceration
that required simple suturing during surgery,
which showed no difference between the two
groups. Furthermore, the number of additional
analgesics administered after surgery showed no
differences. All patients allocated to each group
completed the planned surgical procedure
(Table 2).

Postoperative Pain

Table 3 and Fig. 2 show postoperative pain
outcomes. In terms of abdominal pain, there
were no differences in NRS scores among the
two groups. However, postoperative vaginal
pain score was higher in vNOTES group at 16
and 24 h after surgery (median, range; 3, 0–5 vs.
1, 0–4 and 2, 0–3 vs. 0, 0–2, P = 0.007 and
P = 0.010, at 16 and 24 h respectively). We
performed subgroup analysis for patients who
did not undergo additional vaginal suturing for
laceration, and as a result, vaginal postoperative
pain score was also higher in the vNOTES group
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at 16 and 24 h after surgery (median, range; 3,
0–5 vs. 0, 0–1 and 0, 1–3 vs. 0, 0–1, P = 0.008
and P = 0.013, at 16 and 24 h respectively).
There was no difference in the proportion of
patients with PCA maintenance at each evalu-
ation point.

DISCUSSION

This randomized pilot study evaluated postop-
erative pain and surgical outcomes of vNOTES
and LESS hysterectomy. vNOTES hysterectomy
had shorter operation time compared to LESS
hysterectomy. However, LESS hysterectomy
showed higher postoperative vaginal pain score
at 16 and 24 h after surgery. To the best of our
knowledge, this is the first prospective ran-
domized controlled pilot study comparing LESS
and vNOTES hysterectomy. Regarding vNOTES
hysterectomy, the HALON trial by Baekelandt
and colleagues is the only prospective random-
ized trial comparing total laparoscopic and
vNOTES hysterectomy [4]. There is only a single
retrospective study that compared single-port

laparoscopic-assisted vaginal and vNOTES hys-
terectomy [3], and other studies have reported
retrospective comparison data of multiport
laparoscopic and vNOTES hysterectomy
[1, 2, 5].

The major findings of this study are as fol-
lows. First, the operation time was found to be
shorter in the vNOTES group in this trial. Pre-
vious reports have shown consistent outcomes
of shorter operation time in vNOTES hysterec-
tomy than laparoscopic hysterectomy [3–7].
Shorter operation time in vNOTES might be
associated with the time reduced by omitting
open and closure procedures of the umbilicus.
Also, compared to the umbilical incision with
the approximate size of about 2 cm, the
vNOTES approach may allow more expansive
working space, resulting in less collision of the
laparoscopic instruments which may contribute
to shortened operation time.

Second, there were no differences in post-
operative abdominal pain up to 48 h after sur-
gery. This result is different from that of the
HALON trial, which showed consistent and
significantly higher postoperative pain in the

Fig. 1 Flowchart of the study
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total laparoscopic hysterectomy group from
immediately after surgery to the 7th postoper-
ative day [4]. This difference can be explained
by the general use of PCA in our study partici-
pants which may have hindered the difference
in postoperative abdominal pain intensity
between the two surgical methods. PCA was not
used in the HALON trial [4].

Third, postoperative vaginal pain was higher
in the vNOTES group than in the LESS group.
This is the first study to analyze vaginal pain
separately from abdominal pain. Contrary to
the findings of this study, several studies have
reported significantly lower postoperative pain
in the vNOTES group than in the laparoscopy
group [2, 4, 8, 13]. On the other hand, previous

Table 1 Demographic and clinical characteristics of participants

Characteristics vNOTES (n = 13) LESS (n = 13) P value

Age, median (range) 54 (35–77) 48 (34–63) 0.081

BMI, median (range) 23.8 (21.32–27.6) 21.8 (20.2–25.9) 0.044

ASA score, n (%)

1 1 (7.7%) 2 (15.4%) 0.513

2 11 (84.6%) 11 (84.6%)

3 1 (7.7%) 0

Indication for surgery, n (%)

Myoma 7 (53.8%) 8 (61.5%) 0.369

CIN3 3 (23.1%) 1 (7.7%)

Adenomyosis 2 (15.4%) 0

Endometrial hyperplasia 1 (7.7%) 2 (15.4%)

AIS 0 1 (7.7%)

AUB 0 1 (7.7%)

Parity, n (%)

0 1 (7.7%) 4 (30.8%) 0.370

1 3 (23.1%) 4 (30.8%)

2 6 (46.2%) 3 (23.1%)

3 or more 3 (23.1%) 2 (15.4%)

Previous cesarean section history, n (%)

0 9 (69.2%) 10 (76.9%) 0.824

1 2 (15.4%) 2 (15.4%)

2 2 (15.4%) 1 (7.7%)

3 or more 0 0

vNOTES vaginal natural orifice transluminal endoscopic surgery, LESS laparoendoscopic single-site, BMI body mass index,
ASA American Society of Anesthesiologists physical status classification system, CIN cervical intraepithelial neoplasia, AIS
adenocarcinoma in situ, AUB abnormal uterine bleeding
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Table 2 Surgical outcomes

Outcome variables vNOTES (n = 13) LESS (n = 13) P value

Operation time, mins (range) 55 (25–105) 75 (50–110) 0.027

Estimated blood loss, mL (range) 100 (0–650) 100 (0–300) 0.687

Transfusion, n (range) 0 (0–3) 0 (0–0) 0.511

Preoperative hemoglobin, g/dL (range) 13.1 (9–14.4) 12.3 (11.114.1) 0.448

Postoperative hemoglobin, g/dL (range) 11.6 (7.8–13.8) 10.8 (8.6–14.0) 0.920

Hospitalization, days (range) 4 (4–4) 4 (4–5) 0.762

Operation type, n (%)

Hysterectomy 1 (7.7%) 2 (15.4%) 0.721

Hysterectomy ? unilateral salpingo-oophorectomy 1 (7.7%) 0

Hysterectomy ? bilateral salpingo-oophorectomy 6 (46.2%) 6 (46.2%)

Hysterectomy ? bilateral salpingectomy 5 (38.5%) 5 (38.5%)

Diagnosis, n (%)

Myoma 7 (53.8%) 7 (53.8%) 0.544

CIN3 3 (23.1%) 1 (7.7%)

Endometrial hyperplasia 1 (7.7%) 1 (7.7%)

Adenomyosis 1 (7.7%) 1 (7.7%)

AIS 0 1 (7.7%)

Endometrial cancer 0 2 (15.4%)

Cervical cancer 1 (7.7%) 0

Size of the uterus, cm, (range) 9.5 (5.1–17) 9.5 (7–15) 0.7

Weight of the uterus, g, (range) 238 (40.8–940) 196 (93–346) 0.98

Postoperative complication, n (%) 0.593

Bleeding 1 (7.7%) 1 (7.7%)

Surgical site infection 1 (7.7%) 0

Vaginal laceration or suture, n (%) 4 (30.8%) 3 (23.1%) 0.658

Number of additional analgesics, median (range) 1 (0–3) 1 (0–3) 0.647

vNOTES vaginal natural orifice transluminal endoscopic surgery, LESS laparo-endoscopic single-site, CIN cervical
intraepithelial neoplasia, AIS adenocarcinoma in situ
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studies that evaluated postoperative pain
between laparoscopic and vaginal hysterectomy
have reported higher postoperative pain in
vaginal hysterectomy [12, 14]. Although vaginal
hysterectomy had been generally considered
the most minimally invasive surgery and with
the least postoperative pain, these studies
showed higher postoperative pain after vaginal
hysterectomy. It is hypothesized that the usage
of vessel sealing devices in vNOTES rather than
suture and ligation as in vaginal hysterectomy
might have reduced postoperative pain com-
pared to laparoscopic hysterectomy [15, 16]. In
our surgical procedure during vNOTES, we
applied additional suturing between the uterine
artery and vaginal wall for bleeding control and
vaginal cuff closure. Nevertheless, pain scores at
16 h and 24 h after surgery were less than 4, not
requiring additional analgesics. The result of
this study suggests that both LESS and vNOTES
operations are clinically tolerable in terms of
postoperative pain.

A limitation of our study is the relatively
small sample size due to the nature of the pilot
study intended to estimate the postoperative

pain score for further clinical trial. Also, the
usage of PCA might have hindered the ability to
show a difference in the postoperative pain
score. At our institution, we give patients the
option of PCA routinely before surgery and
most patients choose to be under postoperative
PCA, as shown in this trial. Nonetheless, con-
sidering the possibility that the use of PCA
interfered with the evaluation of postoperative
pain, future studies regarding postoperative
pain in vNOTES may consider eliminating the
PCA effect in the study protocol. Finally, a rel-
atively high rate of additional suturing for
vaginal laceration might have affected the pri-
mary outcome measures, despite no differences
shown in the subgroup analysis.

CONCLUSIONS

vNOTES can be safely performed for benign
uterine disease requiring hysterectomy. Com-
pared to LESS approach, vNOTES hysterectomy
might be associated with higher postoperative
vaginal pain which requires further
investigation.

Fig. 2 Postoperative (i) abdominal pain and (ii) vaginal pain by numeric rating scale up to 48 h after the operation
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