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Abstract

Background ‘‘Pure’’ NOTES and ‘‘hybrid’’ NOTES pro-

cedures have gained popularity during the past few years.

However, most of these published series have been docu-

mented outside the United States.

Methods This is a prospective, nonrandomized series of

patients. Female subjects who presented to the University

of California at San Diego surgery clinic for elective

cholecystectomy were offered participation in this study.

Patients met the following criteria: aged 18–75 years;

diagnosis of gallbladder disease that required cholecys-

tectomy and American Society of Anesthesiology (ASA)

class 1. Hybrid NOTES transvaginal technique was used

for cholecystectomy.

Results A total of 27 women underwent hybrid trans-

vaginal NOTES cholecystectomy during a 43-month per-

iod. The median age was 40.1 (range 23–63) years. The

mean body mass index was 25.2 (range 16.4–34.1). All

patients had an ASA I–II classification. The mean operative

time was 92 (range 38–165) min. There was no conversion

to an open operation. The mean hospital stay was 1.07

(range 1–2) days. Patients were followed for a mean of

3.32 (range 0.06–12.2) months. There were no postopera-

tive complications. No scars were visible on the abdominal

wall.

Conclusions This study is the largest series of hybrid

transvaginal cholecystectomy published in the United

States. With our experience, we demonstrate that this

technique is safe and clinically viable.
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Natural orifice translumenal endoscopic surgery (NOTES)

has been established as a potential alternative to classic

approaches to the abdominal cavity, such as laparoscopy

and laparotomy, as a part of the rapid development of

minimally invasive surgical techniques. The NOTES con-

cept was introduced by the American gastroenterologist,

Kalloo et al. [1]. Using a porcine model, their group

demonstrated the feasibility of ‘‘pure’’ (defined as a pro-

cedure performed with only translumenally placed instru-

mentation and no laparoscopic or needleoscopic assistance)

transgastric NOTES procedures [2]. This was followed by

Rao et al. [3] who demonstrated the first human NOTES

procedure in India. The first ‘‘hybrid’’ (defined as a pro-

cedure that involves any transabdominal needles or lapa-

roscopic instruments) transvaginal cholecystectomy was

performed by Bessler et al. [4] and the first ‘‘pure’’ trans-

vaginal cholecystectomy followed in France in August

2007 by Marescaux et al. [5]. The initial clinical experi-

ence with NOTES in the United States was published by

Horgan et al. [6]. Pure NOTES and hybrid NOTES pro-

cedures have since been gaining popularity. However, most
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of these published series have been documented outside the

United States [7–12].

In this paper, we present our institutional experience

with transvaginal hybrid NOTES cholecystectomy. This is

the largest U.S. hybrid cholecystectomy experience. The

purpose of this study was to report the safety and efficacy

of this novel technique.

Methods

This prospective, nonrandomized series of patients was

operated on between September 2007 and April 2011. This

study was approved by the institutional review board.

Female subjects, aged 18–75 years, who presented to the

University of California at San Diego (UCSD) surgery

clinic for elective cholecystectomy were offered partici-

pation in this study. Patients met the following criteria:

aged 18–75 years, and diagnosis of gallbladder disease that

required cholecystectomy and American Society of Anes-

thesiology (ASA) class 1–2.

They were excluded if any of the following conditions

existed: (a) pregnancy, (b) morbid obesity (BMI [ 35),

(c) presence of severe medical comorbidities (ASA [ 2),

(d) gallbladder polyps, masses, or tumor, (e) history of

prior open abdominal or transvaginal surgery, (f) prior

history of peritoneal or vaginal trauma, (g) history of

ectopic pregnancy, pelvic inflammatory disease, or severe

endometriosis, (h) known common bile duct stones,

(i) patients on anticoagulants, antiplatelet drugs, or with

abnormal blood coagulation tests, and (j) immunocompro-

mised patients.

Informed consent was obtained by a physician in the

presence of a witness, and an authorization for Use of

Protected Health Information (PHI) for Research Purposes

was signed to comply with HIPAA. Eligibility was deter-

mined at the time of screening. Patients were asked to read

the Informed Consent and the Patient Bill of Rights; a copy

of the each was given to the patient and a copy was placed

in the medical record.

The surgeons have had extensive experience with flex-

ible endoscopy and are fellowship-trained in minimally

invasive surgery. All procedures were first performed in an

animal laboratory at the UCSD using a pig model. Trans-

lation to the human setting was only performed after all

potential problems were appropriately addressed and the

procedure perfected in the animal model.

Technique of hybrid transvaginal cholecystectomy

Preoperative antibiotics per Surgical Care Improvement

Project (SCIP) guidelines are administered 30 min before

incision. The abdomen is prepped in the standard fashion

for a laparoscopic cholecystectomy using chlorhexidine

solution. The perineal region is prepped using Betadine

solution. Both areas are draped in a standard sterile fashion.

The first incision is placed in the umbilicus with a

scalpel to permit the entry of a 5-mm port under direct

vision. Pneumoperitoneum is created to 15 mmHg. A 30�
laparoscope is inserted to visualize the abdominal cavity

and assess the gallbladder. If there is any evidence of dense

inflammatory response in the pelvis or right upper quad-

rant, or any intra-abdominal pathology that can potentially

compromise the safety of the operation, standard laparo-

scopic technique is used and the NOTES technique is

aborted.

Next, the uterus is elevated by using a uterine

manipulator. A 12-mm port is inserted bluntly through the

posterior vaginal wall. The laparoscopic view is then

changed to an endoscopic view. A 2-mm grasping

instrument is inserted through the right upper quadrant in

the mid-clavicular line in the subcostal region. An

Endograb device (Virtual Ports, Inc., Richmond, VA) is

inserted through the umbilicus into the peritoneal cavity.

This is positioned to grasp the fundus and secure it to the

anterior abdominal wall to expose the triangle of Calot.

The 2-mm grasping instrument is used to grasp the

infundibulum, and a dissecting instrument through the

umbilicus is used to expose the cystic artery and cystic

duct. The cystic artery and then the duct are triply clipped

and divided. The gallbladder is taken off the hepatic bed

using electrocautery. Complete hemostasis is ensured. A

30� laparoscope is again inserted through the umbilicus

and the endoscope in the vagina is exchanged for an

Endocatch retrieval bag (Ethicon Endosurgery, Cincinnati,

OH). The gallbladder is placed in the bag and removed

from the vagina. Irrigation is performed until the return is

clear. Laparoscopic instruments are removed, and the

abdomen is desufflated. The vaginotomy is closed under

direct vision using absorbable suture.

Postoperative care and follow-up

Standard guidelines for postoperative care were adhered to

in the NOTES cohort. Patients were followed for pain and

any temperature changes for 7 days postoperatively.

Patients were given a log book to record these events. Pain

following the surgery was assessed by using a pain score

scale from 1 to 10, where 0 was defined as no pain at all,

and 10 was defined as the worst pain. Telephone follow-up

was done by the research nurse after discharge. Patients

were followed at 1 week in the clinic as standard protocol.

They also were followed up at 6 months and 1 year by

telephone calls to assess their status.
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Results

A total of 33 women with diagnosis of gallbladder disease

were enrolled in the study. Six patients were excluded from

the study at the time of placement of the laparoscope. These

were converted to traditional laparoscopy due to dense

adhesions in the gallbladder fossa. Twenty-seven patients

underwent hybrid transvaginal NOTES cholecystectomy

during 43-month period, from September 2007 to April

2011. The indications were cholelithiasis without acute

cholecystitis. The median age was 40.1 (range 23–63) years.

The mean body mass index (BMI) was 25.2 (range

16.4–34.1). All patients had an ASA I–II classification.

The mean operative time was 92 (range 38–165) min.

Initial operations were associated with longer times due to

the learning curve. The NOTES hybrid technique was

successfully completed in all the patients enrolled without

conversion to conventional laparoscopy or open surgery.

There were no intraoperative complications.

None of the patients required admission to an intensive

care unit (Table 1). Of the 27 patients evaluated in this

study, 25 (92 %) were discharged on postoperative day 1.

This is the standard of care at the UCSD. Two patients

(8 %) were discharged on postoperative day 2; both

patients complained of incisional pain and preferred to stay

in the hospital until resolution. The mean hospital stay was

1.07 (range 1–2) days.

Pain was at a mean of 4.57 on day 1, and this decreased

to a mean of 1.21 by day 7 (Table 2). This pain was very

well controlled by standard oral narcotic pain medications.

The etiology of the postoperative abdominal pain included

moderate pain at the 5-mm abdominal incision, right upper

quadrant tenderness, and dull pain from partially evacuated

pneumoperitoneum.

Patients were followed for a mean of 3.32 (range

0.06–12.2) months. There were no postoperative compli-

cations, including but not limited to, bile duct injuries,

intra-abdominal abscesses, surgical wound infections, or

dyspareunia. The overall morbidity and mortality rate were

zero. No scars were visible on the abdominal wall.

Discussion

This study is the largest series of hybrid transvaginal

cholecystectomy published in the United States. With our

experience, we demonstrated that this technique is safe and

clinically viable.

Transvaginal approach is usually approached with

trepidation by general and laparoscopic surgeons. There are

doubts of possible association with dyspareunia and female

sexual dysfunction. We would like to emphasize that

transvaginal hysterectomy and oophorectomy have been

the standard approach in gynecology for several years. The

transvaginal approach is singularly used for treatment of

fertility and for assessment of pelvic pain [13, 14].

There are mixed opinions on the viewpoint of women

toward the transvaginal approach [6, 15, 16]. This may be

because physicians are unable to provide a scientific

answer to the postoperative effect on fertility and sexuality

[16]. We have a prospective, randomized study in place to

answer this question definitively. However, in our experi-

ence and our extensive patient follow-up, we have not had

any reports of dyspareunia or infertility following this

procedure. In fact, three of our patients in the reproductive

age became pregnant. This also has been seen by Hensel

et al. [10].

Although the risk of incisional hernia is low after lap-

aroscopic surgery, it is not insignificant [17–20]. Jones

et al. [21] published a case report that demonstrated gan-

grenous small bowel in a trocar site hernia at a 12-mm site.

Trocar site herniation at 5-mm sites have been demon-

strated [22]. Necrotizing fasciitis at the trocar sites also has

been demonstrated [23]. NOTES operative procedures are

a more attractive option.

Furthermore, the NOTES approach may be associated with

potential advantages, including low rate of complications,

Table 1 Patient characteristics

N 27

Age (years)* 40.1 (23–63)

BMI* 25.2 (16.4–34.1)

ASA (%) I–II (100)

Gallbladder disease (%) 27 (100)

Operation time (min)* 91.9 (38–165)

Hospital stay (days)* 1.07 (1–2)

Complications (intra and post) 0

Reoperations 0

Deaths 0

* Data are means with ranges in parentheses

Table 2 Patient pain log

Postoperative day Pain measure

1 4.57 (4–8)

2 4 (4–7)

3 3.48 (3–7)

4 2.6 (2–6)

5 1.81 (2–5)

6 1.56 (1–5)

7 1.21 (1–4)

Data are means with ranges in parentheses
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such as adhesions, wound infection, and postoperative pain

associated with abdominal incisions. There also is a potential

advantage of better cosmesis and improved recovery and

hospital stay periods [8, 24, 25].

This technique potentially may be extended to males as

the transrectal approach, which has been demonstrated for

nephrectomy in a porcine model [26] and for appendectomy

in a cadaveric model [27], among others. Transgastric

approaches also have been utilized for appendectomy and

cholecystectomy [6, 28], which may be used in men. Novel

methods to close the gastric defect are being studied [29–31].

We anticipate that this technique can be converted to a

pure NOTES technique in the future with the advent of

longer and flexible instruments and multiple channel ports.

At UCSD, we believe that this is the first step to a pure

natural orifice safe cholecystectomy.

Acknowledgments The authors thank Sarah Lazar, Cecilia Echon,

and Mary Kirk for their help in this project.

Disclosures There are no disclosures.

References

1. Kalloo AN et al (2004) Flexible transgastric peritoneoscopy: a

novel approach to diagnostic and therapeutic interventions in the

peritoneal cavity. Gastrointest Endosc 60(1):114–117

2. Ko CW et al (2007) Preliminary pneumoperitoneum facilitates

transgastric access into the peritoneal cavity for natural orifice

transluminal endoscopic surgery: a pilot study in a live porcine

model. Endoscopy 39(10):849–853

3. Rao GV, Reddy DN, Banerjee R (2008) NOTES: human expe-

rience. Gastrointest Endosc Clin N Am 18(2):361–370

4. Bessler M et al (2007) Transvaginal laparoscopically assisted

endoscopic cholecystectomy: a hybrid approach to natural orifice

surgery. Gastrointest Endosc 66(6):1243–1245

5. Marescaux J et al. (2007) Surgery without scars: report of

transluminal cholecystectomy in a human being. Arch Surg

142(9):823–826; discussion 826-827

6. Horgan S et al (2009) Natural orifice surgery: initial clinical

experience. Surg Endosc 23(7):1512–1518

7. Tabutsadze T, Kipshidze N (2009) New trend in endoscopic

surgery: transvaginal appendectomy NOTES (Natural Orifice

Transluminal Endoscopic Surgery). Georgian Med News 168:

7–10

8. Niu J et al (2011) Transvaginal laparoscopically assisted endo-

scopic cholecystectomy: preliminary clinical results for a series

of 43 cases in China. Surg Endosc 25(4):1281–1286

9. Salinas G et al (2010) Early experience in human hybrid trans-

gastric and transvaginal endoscopic cholecystectomy. Surg

Endosc 24(5):1092–1098

10. Hensel M et al (2011) Surgical outcome and midterm follow-up

after transvaginal NOTES hybrid cholecystectomy: analysis of a

prospective clinical series. J Laparoendosc Adv Surg Technol

A 21(2):101–106

11. Zornig C et al (2011) NOTES cholecystectomy: matched-pair

analysis comparing the transvaginal hybrid and conventional

laparoscopic techniques in a series of 216 patients. Surg Endosc

25(6):1822–1826

12. Castillo OA et al (2009) Laparoscopic simple nephrectomy with

transvaginal notes assistance and the use of standard laparoscopic

instruments. Actas Urol Esp 33(7):767–770

13. Cicinelli E et al (2001) Tolerability of the mini-pan-endoscopic

approach (transvaginal hydrolaparoscopy and minihysteroscopy)

versus hysterosalpingography in an outpatient infertility investi-

gation. Fertil Steril 76(5):1048–1051

14. Catenacci M, Goldberg JM (2011) Transvaginal hydrolaparos-

copy. Semin Reprod Med 29(2):95–100

15. Peterson CY et al (2009) Women’s positive perception of trans-

vaginal NOTES surgery. Surg Endosc 23(8):1770–1774

16. Bucher P et al (2011) Female population perception of conven-

tional laparoscopy, transumbilical LESS, and transvaginal

NOTES for cholecystectomy. Surg Endosc 25(7):2308–2315

17. Bunting DM (2010) Port-site hernia following laparoscopic

cholecystectomy. JSLS 14(4):490–497

18. Helgstrand F, Rosenberg J, Bisgaard T (2011) Trocar site hernia

after laparoscopic surgery: a qualitative systematic review. Her-

nia 15(2):113–121

19. Comajuncosas J et al (2011) Trocar site incisional hernia in

laparoscopic surgery. Cir Esp 89(2):72–76

20. Duron JJ et al (2000) Prevalence and mechanisms of small

intestinal obstruction following laparoscopic abdominal surgery:

a retrospective multicenter study. French Association for Surgical

Research. Arch Surg 135(2):208–212

21. Jones DB, Callery MP, Soper NJ (1996) Strangulated incisional

hernia at trocar site. Surg Laparosc Endosc 6(2):152–154

22. Eltabbakh GH (1999) Small-bowel obstruction secondary to

herniation through a 5-mm laparoscopic trocar site following

laparoscopic lymphadenectomy. Eur J Gynaecol Oncol 20(4):

275–276

23. Losanoff JE, Richman BW, Jones JW (2003) Trocar-site hernia

complicated by necrotizing fasciitis—case report and review of

the literature. Hernia 7(4):220–223

24. Decarli LA et al (2009) New hybrid approach for NOTES

transvaginal cholecystectomy: preliminary clinical experience.

Surg Innov 16(2):181–186

25. Noguera J et al (2009) Hybrid transvaginal cholecystectomy,

NOTES, and minilaparoscopy: analysis of a prospective clinical

series. Surg Endosc 23(4):876–881

26. Bazzi WM et al (2011) Transrectal hybrid natural orifice trans-

luminal endoscopic surgery (NOTES) nephrectomy in a porcine

model. Urology 77(3):518–523

27. Santos BF, Hungness ES, Boller AM (2011) Development of a

feasible transrectal natural orifice transluminal endoscopic sur-

gery (NOTES�) approach in a cadaveric appendectomy model:

anterior is better. Surg Endosc 25(12):3773–3783

28. Zorron R et al (2010) International multicenter trial on clinical

natural orifice surgery—NOTES IMTN study: preliminary results

of 362 patients. Surg Innov 17(2):142–158

29. Meireles OR et al (2008) Reliable gastric closure after natural

orifice translumenal endoscopic surgery (NOTES) using a novel

automated flexible stapling device. Surg Endosc 22(7):1609–

1613

30. Dray X et al (2009) Omentoplasty for gastrotomy closure after

natural orifice transluminal endoscopic surgery procedures (with

video). Gastrointest Endosc 70(1):131–140

31. Dray X et al (2010) Gastric wall healing after NOTES proce-

dures: closure with endoscopic clips provides superior histolog-

ical outcome compared with threaded tags closure. Gastrointest

Endosc 72(2):343–350

Surg Endosc (2013) 27:514–517 517

123


	NOTES transvaginal hybrid cholecystectomy: the United States human experience
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Technique of hybrid transvaginal cholecystectomy
	Postoperative care and follow-up
	Results
	Discussion
	Acknowledgments
	References


