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a b s t r a c t

Recent technologic advances in endoscopic instrumentation and optics have allowed the development of
a less invasive alternative to conventional laparoscopic surgery. During the past decade, natural orifice
transluminal endoscopic surgery (NOTES) flourished in the field of general surgery, and it has emerged as
a new concept of minimally invasive surgery. NOTES yields access to the abdominal cavity without any
incisions on the abdominal wall (scarless surgery), and the natural orifices of the body surface, such as
the mouth and the vagina, serve as the gateway to the peritoneal cavity. In gynecology, the vagina of a
woman can be considered as an additional route for surgery. Recently, clinical application of transvaginal
NOTES has broadened significantly in gynecology. Using transvaginal NOTES by applying the method of
single-incision laparoscopic surgery via the vaginal route, not only adnexal surgery and hysterectomy,
but also myomectomy and oncologic surgery could be performed safely and effectively in selected pa-
tients. In future, further studies should be conducted to evaluate the true clinical feasibility and safety of
transvaginal NOTES.

Copyright © 2017, The Asia-Pacific Association for Gynecologic Endoscopy and Minimally Invasive
Therapy. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Recent technologic advances in endoscopic instrumentation
and optics have allowed the development of a less invasive alter-
native to conventional laparoscopic surgery. By aiming to reduce
surgical morbidity, the evolution from laparotomy to laparoscopy
has now broadened to include even less invasive techniques, such
as single-incision laparoscopic surgery (SILS), also known as lap-
aroendoscopic single-site surgery, and natural orifice transluminal
endoscopic surgery (NOTES). Minimally invasive surgery not only
improves cosmetic outcome, but also reduces surgical injury. SILS
achieves access through an abdominal approach using a tran-
sumbilical single incision. Many studies have described its feasi-
bility, safety, and surgical outcome. By contrast, NOTES uses the
natural orifices of the body surface, such as the mouth and the

vagina, as surgical channels of endoscopy to avoid incision scars on
the abdominal wall.

During the past decade, NOTES flourished in the field of general
surgery, and it has emerged as a new concept of minimally invasive
surgery. The first published experience was transvaginal endo-
scopic cholecystectomy performed by Zorron et al1 at University
Hospital of Teresopolis, Brazil. Afterward, Bessler et al2 at Columbia
University Medical Center, New York, USA, and Marescaux et al3 at
University Louis Pasteur, Paris, France, reported similar procedures.
Together with robotic surgery, NOTES is considered to be the next-
generation minimally invasive surgical procedure; thus, numerous
efforts in this area are being made in many countries. Recently,
transvaginal NOTES has been performed in cholecystectomy, ap-
pendectomy,4,5 nephrectomy,6 and gynecologic diseases. NOTES
can be performed via a variety of approaches, including that
through the stomach,7e9 but the majority of NOTES procedures
have been performed transvaginally. The vagina can be easily
decontaminated, and it provides direct access. Culdotomy has been
used widely for several surgical procedures (not only by gynecol-
ogists, but also by general surgeons for extraction of large speci-
mens), and it has been approved as safe and easy to close. With
regard to closure of the perforation site within the natural orifices
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except the vagina, an acceptable closure method is not yet present.
Currently, to select the transvaginal port is the most reliable for
human application of NOTES.

In gynecology, the vagina of a woman can be considered as an
additional route for surgery. The concept of transvaginal endoscopy
was originally called “culdoscopy.” In recent times, clinical appli-
cation of transvaginal NOTES has broadened significantly; in the
initial days, NOTES was used only for diagnostic purposes10 or
performed with transabdominal assistance,11,12 but now it is being
used to accomplish complex procedures. Different gynecologic
procedures have been effectively performed by means of pure
transvaginal NOTES. These procedures seem to be feasible and safe.
Reduced pain and improved cosmesis are supposed to be the po-
tential advantages of transvaginal NOTES. The objective of this
article is to review the published literature on transvaginal NOTES
in gynecology.

Transvaginal NOTES in gynecology

As NOTES is relatively new, the current literature on the use of
this technique in gynecology is somewhat limited. As a result of a
MEDLINE/PubMed literature search of all publications in English
language using the search term “natural orifice transluminal
endoscopic surgery,” as well as a review of all references to sum-
marize the existing clinical experience on NOTES in gynecology, a
total of 17 articles were found to include gynecologic procedures
(Table 1).13e29

Review of published literature of transvaginal NOTES in
benign gynecology

Although NOTES is a relatively new field, a variety of NOTES
procedures with use of modern laparoscopic instrumentation and
optics evolved into transvaginal NOTES have been reported in
gynecology.

Adnexal surgery

Lee et al13 reported the first case series of pure transvaginal
NOTES for adnexal diseases in 2012. Ten consecutive patients un-
derwent transvaginal NOTES, including tubal sterilization in three,
salpingectomy because of ectopic pregnancy in three, and ovarian
tumor enucleation in four. The NOTES procedure failed in one pa-
tient because a misdiagnosed peritoneal mucinous tumor was
located in front of the uterus and was inaccessible using the
transvaginal approach, leading to subsequent conversion to con-
ventional laparoscopy. They found that transvaginal NOTES,
compared with transumbilical SILS, offered a larger space and a
decreased incidence of instrument clashing during handling
because of the large colpotomy wound. They also found several
technical drawbacks to transvaginal NOTES. In comparison with
transumbilical SILS, transvaginal NOTES was performed in an
anatomically reverse direction, which might initially cause disori-
entation for surgeons; however, operators were quickly able to
adapt to the new orientation because gynecologists were familiar
with vaginal surgical procedures. They concluded that their method
of combining the concepts of culdoscopy using the vaginal
approach and SILS with the wound retractor represented a new
way to perform transvaginal NOTES. Ahn et al14 and Kim15

described their initial experience in 10 women with benign
adnexal diseases that were treated successfully with transvaginal
NOTES using a single port. Procedures consisted of oophorectomy
in three patients, salpingostomy and salpingectomy in two each,
and ovarian cystectomy, paratubal cystectomy, and ovarian wedge
resection in one each. They concluded that the selection of

appropriate patients could be important for successful surgical
outcomes because of the requirement of secure colpotomy. Yang
et al16 also described the initial clinical experience of transvaginal
NOTES using a wound retractor and a surgical glove performed in
seven women with adnexal masses. Main procedures consisted of
unilateral salpingo-oophorectomy in three patients, unilateral oo-
phorectomy in three patients, and paraovarian cystectomy in one
patient. Transvaginal NOTES was successfully and safely completed
in all cases. They concluded that transvaginal NOTES was a feasible
and effective surgical technique in properly selected female pa-
tients with adnexal masses.

Xu et al17 were the first to report a prospective randomized
study of transvaginal NOTES for tubal ectopic pregnancy. They
prospectively enrolled 40 patients, each of whom had been
scheduled for salpingectomy, and randomized them into the two
groups: transvaginal endoscopic surgery (n ¼ 18) and laparoscopic
surgery (n ¼ 20). Transvaginal endoscopic salpingectomy was per-
formed using a double-channel endoscope through a vaginal
puncture, and pure NOTES was performed in 17 cases except the
first case in which hybrid NOTES was performed. The duration of
time for transvaginal endoscopic surgery was slightly longer than
that for laparoscopic surgery, however, there was no statistically
significant difference between the two groups. Transvaginal NOTES
was associated with lower pain scores at 4 hours after surgery. The
group that underwent transvaginal endoscopic surgery was more
satisfied with the absence of external scars than the group that
underwent laparoscopic surgery, which left scars. They concluded
that the safety and efficacy of transvaginal endoscopic salpingec-
tomy for tubal ectopic pregnancy were equivalent to those of
laparoscopic salpingectomy, and that lesser postoperative pain and
more satisfactory cosmetic outcome would make it the preferred
approach and superior to laparoscopic surgery in simple cases.

Wang et al18 recently published a study comparing surgical out-
comes between NOTES-assisted ovarian cystectomy (NAOC) and
laparoscopic ovarian cystectomy (LOC). A total of 277 patients were
recruited in the study (34 in the NAOC group and 243 in the LOC
group). The mean operative time and postoperative hospital stay
were significantly less for the NAOC group than for the LOC group.
Although themeanamountof blood losswas significantly less for the
LOC group than for theNAOCgroup, itwas<50mL in the two groups.
They compared a propensity score matched sample of 68 LOC pa-
tients with 34 NAOC patients using a “nearest-neighbor” approach.
In this approach, each NAOC patient was matched to two LOC pa-
tientswith the closest propensity scores. They found that therewas a
linear correlation between operative time and mass size, and be-
tween estimated blood loss andmass size in the LOC group, but that
similar resultswere not seen in theNAOCgroup. Theyconcluded that
performing ovarian cystectomy bycombiningNOTES techniquewith
conventional vaginal surgery for benign and large ovarian tumors
was possible in well-selected patients, and that NAOC offered su-
perior operative efficiency compared with conventional LOC.

Hysterectomy

Su et al19 reported the first case series of transvaginal NOTES
for performing hysterectomy in 2012. Sixteen patients with
benign uterine diseases underwent hysterectomy using trans-
vaginal NOTES, which was performed by applying the techniques
of SILS via the vaginal route. Transvaginal NOTES was completed
in each patient without conversion to conventional laparoscopy or
even laparotomy. They concluded that hysterectomy could be
feasibly performed using transvaginal NOTES, which not only
overcame limitations, but also broadened the indications for
vaginal hysterectomy. Lee et al20 evaluated the feasibility and
safety of hysterectomy using transvaginal NOTES in benign uterine
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