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Since Kalloo and colleagues first reported the feasibility and safety of a peroral transgastric approach in the porcine model 
in 2004, various groups have reported more complex natural orifice transluminal endoscopic surgery (NOTES) proce-
dures, such as the cholecystectomy, splenectomy and liver biopsy, in the porcine model. Natural orifice access to the ab-
dominal cavity, such as transgastric, transvesical, transcolonic, and transvaginal, has been described. Although a novel, 
minimally invasive approach to the abdominal cavity is a peroral endoscopic transgastric approach, there are still some 
challenging issues, such as the risk of infection and leakage, and the method of gastric closure. Hybrid-NOTES is an ideal 
first step in humans. Human hybrid transvaginal access has been used for years by many surgeons for diagnostic and 
therapeutic purposes. Here, we report a transvaginal flexible endoscopic appendectomy, with a 5-mm umbilical port us-
ing ultrasonic scissors in a 74-year-old woman with acute appendicitis.  
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the NOTES technique in an animal experiment, and Lee et al.  
performed a NOTES appendectomy in gynecological patients 
by using only endoscopic instruments [6]. 

The ultimate goal of NOTES is to perform abdominal surgery, 
such as a cholecystectomy and an appendectomy, transorally 
through the stomach wall. If a complete NOTES could be per-
formed, theoretically, since abdominal wounds would be ab-
sent, pain should be less than it would be for conventional sur-
gical methods, esthetic effects would be superior, and patients 
could, thus, return to work eariler. Nevertheless, NOTES has 
numerous limitations, such as a longer operation time due to 
technical difficulties and a shortage of proper equipment. In 
addition, in regard to closure of the perforation site within the 
natural orifice, an acceptable closure method is not yet pres-
ent; hence, the development of proper closure method should 
be pursued. 

Currently, the posterior vaginal wall is available as a safe route, 
Numerous surgeries, such as a gynecological transvaginal hys-
terectomy, have already been performed by using a transvagi-
nal approach, and perforation areas could be safely closed with 
manual suturing. This is a report of a hybrid endoscopic ap-
pendectomy that was combined with a transvaginal approach 
using colonoscopy and an abdominal approach with a 5-mm 
working port. This study was approved by the ethics commit-
tee of Soonchunhyang University (SCHBC-IRB-07-24), and 
informed consent was obtained from the patient.

INTRODUCTION

Since Kalloo et al. [1] introduced the transgastric abdominal 
approach using endoscopy in animal experiments in 2004, 
natural orifice transluminal endoscopic surgery (NOTES) has 
been attempted worldwide and has improved tremendously in 
a short time. NOTES which was reported only in animal exper-
iments, started to be applied to humans in 2007. The Strasburg 
group [2] performed the hybrid method of a transvaginal en-
doscopic cholecystectomy using a 5-mm abdominal trocar 
successfully for the first time, and Rao et al. [3] in India did a 
video presentation of a transgastric appendectomy through 
the stomach. In Korea, Shin et al. [4] did a video presentation 
of a hybrid transvaginal endoscopic appendectomy using a 5- 
mm abdominal trocar in 2007 for the first time. Afterward, Kim 
et al. [5] reported a transgastric abdominal inspection by using 
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CASE REPORT

A 74-year-old female patient was admitted via the outpatient 
clinic for abdominal pain in the right lower quadrant area that 
had persisted for two days. The patient had no specific medical 
illnesses and family history. Based on history taking and physi-
cal examination, acute appendicitis was suspected; thus, labo-
ratory tests and abdominal ultrasonography were performed. 
On the blood test, leucocytes were increased to 12,000/mm3, 
and other test results were within normal ranges. On the chest 
and the abdominal radiographs, there were no specific findings. 
On abdominal sonography, the appendix was thickened to 10 
mm, thus confirming acute appendicitis. Before surgery, the 
potential risks of the transvaginal approach, such as vaginal 
hemorrhage, infection, and dyspareunia, were explained suffi-
ciently to the patient, and informed consents were taken after 
their approval. 

One hour prior to surgery, a second generation antibiotic was 
administered intravenously. Under general anesthesia, the pa-

tient was placed in the lithotomy position. A transverse 5-mm 
skin incision was made along the inferior margin of the umbi-
licus, and a 5-mm trocar was inserted. Under CO2-pneumoperi-
toneum, a laparoscopic camera was inserted (Fig. 1). The sur-
geon moved to the patient’s perineal side (between legs) and 
made a 15-mm incision in the posterior vaginal wall and in-
serted a 15-mm trocar under laparoscopic vision. Through the 
15-mm trocar, a colonoscope was inserted. The monitor view 
was switched from the laparoscopic camera to the colonoscopic 
view, and the peritoneal cavity was assessed. After laparoscopic 
camera in the 5-mm abdominal trocar had been removed, an 
ultrasonic scalpel was inserted.

The inflamed appendix in the right lower abdomen was ex-
amined using the colonoscope, and using endoscopic graspers, 
we dissected the appendix from the adjacent bowels by lifting 
the tip of the appendix (Fig. 2). The mesoappendix was dissected 
using the ultrasonic scalpels by coagulation modes, and hemo-

Fig. 1. Transvaginal trocar introduced through the culdotomy site.

Fig. 2. Appendix 
grasped by using 
endoscopic for-
ceps and divided 
from the mesoap-
pendix by using 
ultrasonic scissors.

Fig. 3. Laparoscopic ligature inserted through the umbilical trocar. Fig. 4. Appendix divided by using ultrasonic scissors.
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stasis of the appendiceal artery was confirmed. The base of the 
appendix was ligated using laparoscopic loop ligatures (Fig. 3). 
The ligated appendix was transsected with the ultrasonic scal-
pels (Fig. 4) and moved to outside the abdomen, together with 
the colonoscope, through the tranvaginal trocar by using endo-
scopic graspers (Fig. 5). After hemostasis had been confirmed, 
the perforation site in the posterior vaginal wall was sutured 
manually. The operation time was 60 minutes.

The patient started to eat from one day after surgery and was 
discharged 3 days after surgery without wound infection, fever, 
pelvic pain, urinary difficulty or other specific complication. 
The vaginal wound dressing was done at 1 day after surgery, 
similar to the wound care after obstetrical gynecological sur-
gery, and antibiotic suppositories were inserted for one week. 
At the ambulatory follow-up observation performed two weeks 
after discharge, the abdominal and vaginal wound had healed 
well, and the patient had no specific complaints. 

DISCUSSION

Together with robotic surgeries, NOTES is considered to be the 
next-generation minimally-invasive surgery; thus, numerous 
efforts in this area are being made in many countries. Theoret-
ically, if complete NOTES could be performed, an abdominal 
incision would be absent; hence, from the aspect of cosmetics 
or complications, results better than those from previous lapa-
rotomy or laparoscopic surgery could be obtained, and shorter 
time to return to work would be possible. Development of proper 
NOTES equipment will remove one of the present limitations 
of NOTES surgery do that it could be applied to more surgical 
fields. 

Currently, several problems should be resolved for the further 
application of NOTES techniques to humans. First is the limita-
tion of access routes. The ultimate goal of NOTES is to perform 
intraabdominal surgery without abdominal incision through 

the stomach, colon or bladder. However, proper closure meth-
ods for the routes of organs after intraabdominal manipulation 
are not available. In animal experiments, successful closure us-
ing endoscopic clips has been reported; nonetheless, experiences 
in humans are still not sufficient. Park et al. [7] attempted clo-
sure of the stomach wall using T-tags in humans. In their study, 
one case out of 2 developed severe complications, and they sug-
gested that application of NOTES to humans still had many dif-
ficulties. Presently, pure NOTES using an approach through the 
stomach, colon and bladder is not possible, and hybrid meth-
ods using one or two abdominal incisions in combination are 
widely used. Second is an ethical problem. Because of the limita-
tion of an intraabdominal approach, a transvaginal route, which 
is applicable to only women, is preferred. However, controversy 
still exists from an ethical aspect. Reviewing the result of a ques-
tionnaire survey conducted by Sung et al. on women receiving 
a cholecystectomy [8], the percentage of women wanting to 
undergo a transvaginal approach was 38%, which is less than 
half. The results of a survey performed by Strickland et al. [9] 
on 300 women regarding the willingness to undergo the trans-
vaginal approach NOTES show that approximately 70% of the 
women expressed a negative opinion. To resolve such ethical 
problems, the ethical committee, as well as the committee for 
clinical trials, of each hospital should consider NOTES carefully, 
and it should be performed after obtaining informed consents 
from the patient.

In regard to our surgery, the institutional review board of our 
hospital recommends that patients of child-bearing age be ex-
cluded due to risk of infertility and that a hybrid NOTES, rather 
than pure NOTES, be performed due to the limitations on the 
closure methods. In addition, the surgeon’s experience is also 
important. The surgeon of this study performed more than 500 
laparoscopic surgeries. including laparoscopic colectomies, and 
had experience with more than 100 cases of colonoscopy, and 
3 cases of NOTES in animal experiments. 

The sterilization of equipment is also an important factor. Gen-
erally, bacteriostatic sterilization is sufficient for routine endo-
scopic purposes; however, for intraperitoneal insertion, bacterio-
cidal sterilization is required. In our study, following the guide-
line suggested by the Minimal Access Therapy Decontamina-
tion Working Group, bacteriocidal sterilization was performed 
with ethylene oxide.

In contrast to pure NOTES, which is a technique using only 
endoscopy without abdominal incisions, hybrid NOTES refers 
to a procedure inserting one or two trocars in the abdominal 
area and using laparoscopic equipment. Presently, the safety of 
pure NOTES without the application of laparoscopic equipment 
has not been established yet; thus, hybrid methods are best for 
applications to humans. In a hybrid transvaginal endoscopic 
appendectomy, the first step is to prepare the pneumoperito-
neum. In the pure NOTES procedure, the pneumoperitoneum 
is generated by a perforation of the vaginal posterior wall, and 

Fig. 5. Extraction of the appendix through the transvaginal trocar.
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in the hybrid method, a 5-mm trocar is inserted in the vicinity 
of the umbilicus. Thus, if a trocar is used, the pneumoperito-
neum and the perforation of the posterior vaginal wall can be 
performed safely. A limitation of the current endoscopic proce-
dures is that the endoscopic equipment is not suitable for intra-
peritoneal surgeries. In regard to endoscopic forceps, the elastic-
ity is high, and the hardness is low; thus, it is difficult to retract 
the appendix. In addition, concerning the endoscopic loop lig-
atures, the safety of the ligation of the base of appendix has not 
been established. Therefore, for time being, it is safe to use lap-
aroscopic equipment such as laparoscopic loop ligatures. Re-
cently in Europe, NOTES procedure equipment, such as the 
anubiscope, has been developed and is undergoing clinical tri-
als [10]. In the future, if such equipment is introduced, the in-
dications for NOTES should be safely and readily expanded.
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