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ABSTRACT
Objectives: To establish the appropriate technique for salpingo-oophorectomy via transvaginal natural orifice transluminal 
endoscopic surgery (NOTES), under gasless laparoscopy.

Material and methods: Ten patients with clinical indication underwent gasless laparoscopic transvaginal salpingo-oo-
phorectomy with concurrent vaginal hysterectomy. An abdominal-wall lifting device was used after removal of the uterus, 
and the adnexa was removed trans-vaginally by gasless laparoscopy. The perioperative clinical data, such as operative 
duration, volume of blood loss, morbidity, intraoperative and postoperative complications, and length of hospital stay, 
were retrospectively analyzed. 

Results: All procedures were successfully done, without any intraoperative or major postoperative complications, and no 
additional transabdominal ports were required. The salpingo-oophorectomy part of the procedure was completed in ap-
proximately 11–40 minutes, with minimal blood loss. All of the patients were discharged, scar-free, 2–4 days after surgery. 

Conclusions: Transvaginal NOTES with gasless laparoscopy is a feasible and safe surgical technique in cases involving dif-
ficult vaginal salpingo-oophorectomy, which avoids conversion to an abdominal route.
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INTRODUCTION
Vaginal hysterectomy is the least invasive of all hysterec-

tomy techniques. It is the preferred route of hysterectomy for 
benign gynecologic disease [1]. However, salpingo-oopho-
rectomy at the time of vaginal hysterectomy is necessary in 
some cases, such as for postmenopausal women with atypi-
cal endometrial hyperplasia, adnexal mass, or a history of 
breast cancer. A successful vaginal salpingo-oophorectomy 
requires appropriate lighting, exposure, and preparation 
of the operative field at the time of surgery [2]. However, 
salpingo-oophorectomy at the time of vaginal hysterectomy 
can occasionally be technically challenging because the 
ovaries lie above the pelvis and are not readily accessible 
as a result of local adhesions, difficult visualization, or a less 
elastic ligament [3, 4]. Even highly skilled vaginal surgeon 
will occasionally have to convert to an abdominal approach 
to complete the procedure.

If salpingo-oophorectomy cannot be safely completed 
vaginally despite using the traditional suture ligation tech-

nique or a vessel-sealing device, a transvaginal natural orifice 
transluminal endoscopic surgery (NOTES) approach can be 
considered instead of converting to an abdominal route 
[5–7]. The technique can not only avoid abdominal incision, 
but also provide excellent access to the target organ and 
clear visualization of the pelvic cavity. Some investigators 
have applied transvaginal NOTES in salpingo-oophorectomy 
following a vaginal hysterectomy [3].

The main limitation of the transvaginal NOTES approach 
seems to be related to the conflict between instruments, 
which could be minimized with proper endoscope selection 
[8, 9]. In addition, devices used to establish and maintain 
pneumoperitoneum may aggravate the inconvenience of 
transvaginal operations. Based on our prophase studies [10], 
we successfully performed transvaginal salpingo-oophorec-
tomy by a simple abdominal wall-lifting instrument under 
gasless laparoscopy. The technology may reduce the conflict 
of external instruments and improve operative efficiency. 
In this study, we aimed to describe the new procedure and 
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investigate the safety, feasibility, and effectiveness of this 
surgical procedure.

MATERIAL AND METHODS
Clinical data 

Ten patients underwent transvaginal salpingo-oopho-
rectomy with gasless laparoscopy during vaginal hyster-
ectomy at Shengjing Hospital of China Medical University 
between March 2017 and December 2018. The patients’ 
characteristics are shown in Table 1. The patients’ mean age 
was 61.7 years (range, 49–72 years). The contraindications to 
vaginal hysterectomy and subsequent vaginal adnexectomy 
with gasless laparoscopy are presented in Table 2. All patients 
provided a written informed consent for surgery. The patients 
were advised that transvaginal laparoscopic surgery would 
be performed if operative difficulties were encountered dur-
ing the operation. All patients consented to possible trans-
vaginal salpingo-oophorectomy with gasless laparoscopy. 
The study was approved by an institutional review board, 
and patient confidentiality was always maintained.

Preoperative preparation
All of the patients underwent routine preoperative me-

chanical and chemical bowel preparation and also received 
a single dose of prophylactic intravenous antibiotics just 
before the procedure. Under general endotracheal anes-
thesia, all patients were placed in the lithotomy position.

Surgical procedure 
The uterus was removed using Heaney’s technique [11]. 

In all cases, an effort was made to remove the ovaries vagi-
nally after vaginal hysterectomy. When it was difficult to 
safely extract or access the adnexa as a result of adhesions, 
minimal descent, or inadequate exposure after a careful 
evaluation, transvaginal NOTES was performed under gas-
less laparoscopy.

An Alexis wound retractor was placed in the vagina. The 
inner ring was placed through the vagina past the vaginal 
cuff. The outer ring rested on the perineum (Fig. 1A). There 
were no umbilical or abdominal ports applied. We used 
towel forceps as an abdominal wall-lifting device (Fig. 1B). 
One clamp was placed at the point of the adnexa surface 
projection on the abdominal wall to establish the operating 
space, and the other clamp was placed under laparoscopic 
observation to facilitate gasless surgery, if necessary.

Without using a cannula, a 10 mm endoscope with 
a 30-degree lens and conventional laparoscopic instruments 
were directly introduced through the vaginal port. Adhe-
sions were dissected in a similar fashion as conventional 
laparoscopy when necessary. A vessel-sealing device was 

Table 2. Contraindications to transvaginal salpingo-oophorectomy 
with gasless laparoscopy

1.	 Morbid obesity. Body mass index was greater than 35 kg/m2

2.	 A suspicion of malignancy. Ovarian mass was solid or had a solid 
component

3.	 History of severe endometriosis or pelvic inflammatory disease

4.	 Prior open abdominal surgery (more than twice)

5.	 Severe pelvic adhesions

6.	 Frozen section was not available 

7.	 Severe medical comorbidities and/or coagulation disorders

Table 1. Characteristics of the women who underwent transvaginal 
salpingo-oophorectomy with gasless laparoscopy

No. Age Gynecological condition

1 69 Postmenopause with uterine prolapse

2 67 Postmenopause with uterine prolapse and 
hydrosalpinx

3 55 Simple hyperplasia of endometrium with a history of 
breast cancer

4 52 Complex hyperplasia of endometrium with a history 
of breast cancer

5 66 Atypical hyperplasia of endometrium

6 60 Atypical hyperplasia of endometrium with pelvic 
adhesions

7 72 Postmenopause with simple serous ovarian cyst

8 62 Postmenopause with ovarian teratoma

9 49 Symptomatic leiomyomata with tubo-ovarian cyst

10 65 Postmenopause with leiomyomata

Figure 1. Surgical procedure (A) Alexis wound retractor resting past 
the vaginal cuff and on the perineum; (B) Towel forceps were used 
as an abdominal wall-lifting device at the point of adnexa surface 
projection on the abdominal wall without an abdominal port; (C) 
Left adnexa from the view of transvaginal laparoscopy; A, Proper 
ligament of ovary; B, isthmus of fallopian tube; C, infundibulopelvic 
ligament; (D) Resection of the left adnexa through transvaginal 
gasless laparoscopy
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used to electrosurgically seal and cut the infundibulopel-
vic ligament and complete the salpingo-oophorectomy 
under direct visualization (Fig. 1C, D). The specimens were 
extracted through the vaginal port. After hemostasis was 
confirmed, the single port was taken out, and the vaginal 
cuff was sutured by hand in a routine method.

Postoperative management and follow-up
The patients received routine anti-inflammatory therapy 

for 3 days and rehydration therapy for 1 day after operation. 
The patients were placed on a semiliquid diet and were 
allowed to ambulate on postoperative day 1. The vaginal 
pack was removed 24 hours postoperatively. Patients were 
followed up during postoperative weeks 1 and 8. Gyneco-
logical examinations and pelvic ultrasound were performed.

Observation indicators
Operating time, estimated blood loss, intraoperative 

complications, postoperative complications, and postopera-
tive hospital stay were recorded. Operating time was defined 
as the salpingo-oophorectomy procedure time which was 
started from the placement of the vaginal port and ended 
when the closure of the vaginal cuff was completed. Patho-
logic examinations of all salpingo-oophorectomy specimens 
were recorded.

RESULTS
Until now, only ten patients have taken pure NOTES 

transvaginal salpingo-oophorectomy with gasless laparos-
copy. All the surgical procedures were performed success-
fully, no additional transabdominal ports were required. The 
salpingo-oophorectomy procedure time was recorded from 
the placement of the vaginal port until the closure of the 
vaginal cuff was completed. The mean operating time was 
22.2 minutes (ranging from 11 minutes to 40 minutes), and 
the blood loss was limited. There were no complications, 
including intraoperative or major postoperative complica-
tions. Postoperative analgesia was routinely administered 
after vaginal hysterectomy; administration of additional 
medications was not required. All patients were placed on 
a semiliquid diet 1 day after the surgery and then to a soft 
diet after 2 to 3 days. The average postoperative hospital stay 
was 2.5 days (range, 2–4 days). Pathologic examination of all 
salpingo-oophorectomy specimens revealed benign results.

All patients were seen on postoperative weeks 1 and 
8 and scheduled for follow-up visits. No one required nar-
cotic pain medications after hospital discharge. Only a few 
outpatients had postoperative complications, including one 
vaginal cuff granulation tissue repair 2 months after surgery. 
No febrile episodes or vaginal cuff infections were reported. 
All of the sexually active patients returned to normal sexual 
activity after the surgery.

DISCUSSION
Transvaginal NOTES may be valuable when vaginal sal-

pingo-oophorectomy is too difficult to perform [2, 12]. The 
salpingo-oophorectomy can then be completed under direct 
visualization using conventional laparoscopic instruments 
through the vaginal port. Here, we applied the novel ap-
proach when ovarian descent was absent or adhesions were 
discovered intraoperatively following concurrent transvaginal 
hysterectomy. Using this technique, conversion to an abdomi-
nal approach was prevented, achieving clear visualization and 
excellent cosmetic results [7, 13]. In addition, transvaginal 
NOTES provides ideal aesthetic effects, can reduce wound 
complications, shorter hospital stay, with good psychologi-
cal effects, since there was no trauma is inflicted on the body 
surface [8, 14]. In our initial series, the pure NOTES transvaginal 
salpingo-oophorectomy proved the feasibility and safety.

However, only a narrow manipulation space is available, 
which is the main inherent obstacle to performing pure 
transvaginal NOTES surgery [9, 15]. Most of the surgical 
instruments can cause crowding, and frequent collisions are 
also noted extracorporeally [16]. In conventional pneumop-
eritoneum, the devices were used to establish and maintain 
pneumoperitoneum and to reduce the operative space in 
the vagina, which aggravated the inconvenience. On the 
basis of our previous animal experiments and preliminary 
study [10], we developed transvaginal salpingo-oophorec-
tomy using a simple abdominal under gasless laparoscopy 
wall-lifting instrument, in an attempt to overcome the space 
obstacle. The novel approach creates more operational 
space and minimizes conflict between instruments given 
the lack of need for a pneumoperitoneum device, trocars, 
or other special instruments in the gasless operation.

The vaginal-incision gas leak is another inherent lim-
itation of pure transvaginal NOTES due to a floppy and 
weak vaginal cuff. The gas leak of vaginal incision affects 
the outcomes of pure transvaginal NOTES performed un-
der conventional pneumoperitoneum seriously [17]. The 
self-constructed vaginal glove port with wound retractor or 
a commercial port for laparoendoscopic single-site surgery 
alleviate gas leaks to some extent [3, 18]. However, surgeons 
typically must choose a medium-sized retractor to avoid 
excessive traction on the vaginal cuff. Thus, the situation 
of gas leak inevitably exists. In this study, the abdominal 
lifting device without pneumoperitoneum was sufficient 
to provide adequate visibility to perform pure transvaginal 
salpingo-oophorectomy. Thus, we were able to eliminate 
concerns about gas leaks and fluently operate without wor-
rying about the effects of intraperitoneal pressure.

Positive-pressure pneumoperitoneum was more opti-
mal than abdominal wall lift technique for operative field 
and workspace due to the “tenting” effect [19]. However, 
the technique we used actually showed us satisfactory 
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exposure and an easy access approach for pure NOTES 
salpingo-oophorectomy. Two factors may account for this 
finding. The position of the target organ (the adnexa) is near 
the operation pathway (the vagina), and this procedure is 
relatively simple. In addition, two towel forceps are used in 
our technique to form a parallel double-line suspension, 
which made it possible to provide adequate and flexible 
exposure in the pelvis. The first clamp is placed at the point 
of the adnexa surface projection on the abdominal wall; the 
second one is placed under laparoscopic observation to 
make the exposure as wide as possible, which would provide 
enough space. The surgical assistant adjusts the force and 
angle of the lifting clamps during the operation to expose 
the view. Meanwhile, only the appropriate patients should 
be included for this technique (not including those with 
morbid obesity or severe adhesions). Careful preoperative 
evaluation of each patient is very important.

Gasless laparoscopy has other advantages as well. It 
avoids the occurrence of complications of carbon dioxide 
pneumoperitoneum, such as subcutaneous or mediastinal 
emphysema, hypercapnia, air embolism, cardiopulmonary 
dysfunction, and hemodynamic changes [20]. Since most 
patients who agree to undergo salpingo-oophorectomy are 
older postmenopausal women [21], the gasless method is 
more significant. In addition, there is no need to use a classic 
commercialized abdominal wall-lifting system, expensive 
special port, and trocar [22]. Our lifting method is simple, 
convenient, time saving, and cost-effective.

Although salpingo-oophorectomy via transvaginal 
NOTES with gasless laparoscopy has the aforementioned 
advantages. It is technically difficult to perform, mainly 
due to an unfamiliar and disoriented transvaginal view 
compared with a traditional abdominal laparoscopic view. 
Severe adhesions, severe local inflammation, or morbid 
obesity still remain the technical bottlenecks of this novel 
approach [23]. We are aware that this is a preliminary work 
and more practice and experience in this field is required. In 
addition, the novel approach must be further investigated 
and validated to assure safety and efficacy.

In this study of ten consecutive patients, we performed 
gasless laparoscopy for transvaginal salpingo-oophorecto-
my for the first time and achieved the desired results. The 
need to convert to an abdominal route could be avoided 
with this technique; hence, this technique may be a simple 
minimal-access surgical option when these areas are not 
easily accessible at the time of vaginal hysterectomy. Ad-
ditional studies must be performed to validate the safety 
and efficacy of the new surgical technique.

REFERENCES
1.	 Aarts JWM, Nieboer TE, Johnson N, et al. Surgical approach to hysterec-

tomy for benign gynaecological disease. Cochrane Database Syst Rev. 

2015(8): CD003677, doi: 10.1002/14651858.CD003677.pub5, indexed 
in Pubmed: 26264829.

2.	 Kho RM, Magrina JF. Round Ligament Technique and Use of a Vessel-seal-
ing Device to Facilitate Complete Salpingectomy at the Time of Vaginal 
Hysterectomy. J Minim Invasive Gynecol. 2015; 22(6): 1084–1087, doi: 
10.1016/j.jmig.2015.05.010, indexed in Pubmed: 26003533.

3.	 Jallad K, Siff L, Thomas T, et al. Salpingo-Oophorectomy by Transvaginal 
Natural Orifice Transluminal Endoscopic Surgery. Obstet Gynecol. 2016; 
128(2): 293–296, doi: 10.1097/AOG.0000000000001513, indexed in 
Pubmed: 27400007.

4.	 Tsin DA, Bumaschny E, Helman M, et al. Culdolaparoscopic oophorec-
tomy with vaginal hysterectomy: an optional minimal-access surgical 
technique. J Laparoendosc Adv Surg Tech A. 2002; 12(4): 269–271, doi: 
10.1089/109264202760268050, indexed in Pubmed: 12269495.

5.	 Sewell T, Courtney H, Tawfeek S, et al. The feasibility and safety of trans-
vaginal bilateral salpingo-oophorectomy. Int J Gynaecol Obstet. 2018; 
141(3): 344–348, doi: 10.1002/ijgo.12458, indexed in Pubmed: 29388683.

6.	 Terzi H, Turkay U, Uzun ND, et al. Hysterectomy and salpingo-oophorec-
tomy by transvaginal natural orifice transluminal endoscopic surgery 
(V-NOTES) assisted by an umbilical camera: Case report and new hybrid 
technique in gynecology. Int J Surg Case Rep. 2018; 51: 349–351, doi: 
10.1016/j.ijscr.2018.08.053, indexed in Pubmed: 30248628.

7.	 Moen MD, Richter HE. Vaginal hysterectomy: past, present, and future. Int 
Urogynecol J. 2014; 25(9): 1161–1165, doi: 10.1007/s00192-014-2459-x, 
indexed in Pubmed: 25027020.

8.	 Yoshiki N. Review of transvaginal natural orifice transluminal endoscopic 
surgery in gynecology. Gynecol Minim Invasive Ther. 2017; 6(1): 1–5, doi: 
10.1016/j.gmit.2016.11.007, indexed in Pubmed: 30254860.

9.	 Kayaalp C. Pure Transvaginal Appendectomy Versus Traditional Laparo-
scopic Appendectomy: More Procedure Time but Less Length of Hospital 
Stay. Ann Surg. 2015; 262(6): e109, doi: 10.1097/SLA.0000000000000693, 
indexed in Pubmed: 24836144.

10.	 Chen YH, Wang DB, Tian Yu, et al. Pure NOTES transvaginal appendec-
tomy with gasless laparoscopy. J Surg Res. 2014; 186(1): 179–183, doi: 
10.1016/j.jss.2013.08.026, indexed in Pubmed: 24095022.

11.	 Heaney N. A report of 565 vaginal hysterectomies performed for benign 
pelvic disease. American Journal of Obstetrics and Gynecology. 1934; 
28(5): 751–755, doi: 10.1016/s0002-9378(34)90071-5.

12.	 Baekelandt J. Transvaginal natural orifice transluminal endoscopic surgery: 
a new approach to ovarian cystectomy. Fertil Steril. 2018; 109(2): 366, doi: 
10.1016/j.fertnstert.2017.10.037, indexed in Pubmed: 29246560.

13.	 Liu J, Kohn J, Fu H, et al. Transvaginal Natural Orifice Transluminal Endo-
scopic Surgery for Sacrocolpopexy: A Pilot Study of 26 Cases. J Minim 
Invasive Gynecol. 2019; 26(4): 748–753, doi: 10.1016/j.jmig.2018.08.009, 
indexed in Pubmed: 30165180.

14.	 Kale A, Sarıibrahim B, Başol G. Hysterectomy and salphingoopherec-
tomy by Transvaginal Natural Orifice Transluminal Endoscopic 
Surgery(NOTES): Turkish surgeons’ initial experience. Int J Surg. 2017; 47: 
62–68, doi: 10.1016/j.ijsu.2017.09.062, indexed in Pubmed: 28951308.

15.	 Wei D, Han Y, Li M, et al. Pure retroperitoneal natural orifice translumenal 
endoscopic surgery (NOTES) transvaginal nephrectomy using standard 
laparoscopic instruments: a safety and feasibility study in a porcine 
model. BMC Urol. 2016; 16(1): 29, doi: 10.1186/s12894-016-0145-7, 
indexed in Pubmed: 27286863.

16.	 Liu QW, Han T, Yang M, et al. A systematic review on efficacy and 
safety of gasless laparoscopy in the management of uterine leiomyoma. 
J Huazhong Univ Sci Technolog Med Sci. 2016; 36(1): 142–149, doi: 
10.1007/s11596-016-1557-z, indexed in Pubmed: 26838756.

17.	 Jallad K, Walters MD. Natural Orifice Transluminal Endoscopic Surgery 
(NOTES) in Gynecology. Clin Obstet Gynecol. 2017; 60(2): 324–329, 
doi: 10.1097/GRF.0000000000000280, indexed in Pubmed: 28221179.

18.	 Yang YS, Oh KY, Hur MH, et al. Laparoendoscopic single-site surgery 
using conventional laparoscopic instruments and glove port tech-
nique in gynecology: a single surgeon’s experience. J Minim Invasive 
Gynecol. 2015; 22(1): 87–93, doi: 10.1016/j.jmig.2014.07.013, indexed 
in Pubmed: 25051536.

19.	 Lee SC, Kim KY, Yoon SN, et al. Feasibility of gasless laparoscopy-assisted 
transumbilical appendectomy: early experience. J Laparoendosc 
Adv Surg Tech A. 2014; 24(8): 538–542, doi: 10.1089/lap.2013.0575, 
indexed in Pubmed: 24960173.

20.	 Li SH, Deng J, Huang FT, et al. Impact of gasless laparoscopy on circula-
tion, respiration, stress response, and other complications in gyneco-
logical geriatrics. Int J Clin Exp Med. 2014; 7(9): 2877–2882, indexed in 
Pubmed: 25356152.

http://dx.doi.org/10.1002/14651858.CD003677.pub5
https://www.ncbi.nlm.nih.gov/pubmed/26264829
http://dx.doi.org/10.1016/j.jmig.2015.05.010
https://www.ncbi.nlm.nih.gov/pubmed/26003533
http://dx.doi.org/10.1097/AOG.0000000000001513
https://www.ncbi.nlm.nih.gov/pubmed/27400007
http://dx.doi.org/10.1089/109264202760268050
https://www.ncbi.nlm.nih.gov/pubmed/12269495
http://dx.doi.org/10.1002/ijgo.12458
https://www.ncbi.nlm.nih.gov/pubmed/29388683
http://dx.doi.org/10.1016/j.ijscr.2018.08.053
https://www.ncbi.nlm.nih.gov/pubmed/30248628
http://dx.doi.org/10.1007/s00192-014-2459-x
https://www.ncbi.nlm.nih.gov/pubmed/25027020
http://dx.doi.org/10.1016/j.gmit.2016.11.007
https://www.ncbi.nlm.nih.gov/pubmed/30254860
http://dx.doi.org/10.1097/SLA.0000000000000693
https://www.ncbi.nlm.nih.gov/pubmed/24836144
http://dx.doi.org/10.1016/j.jss.2013.08.026
https://www.ncbi.nlm.nih.gov/pubmed/24095022
http://dx.doi.org/10.1016/s0002-9378(34)90071-5
http://dx.doi.org/10.1016/j.fertnstert.2017.10.037
https://www.ncbi.nlm.nih.gov/pubmed/29246560
http://dx.doi.org/10.1016/j.jmig.2018.08.009
https://www.ncbi.nlm.nih.gov/pubmed/30165180
http://dx.doi.org/10.1016/j.ijsu.2017.09.062
https://www.ncbi.nlm.nih.gov/pubmed/28951308
http://dx.doi.org/10.1186/s12894-016-0145-7
https://www.ncbi.nlm.nih.gov/pubmed/27286863
http://dx.doi.org/10.1007/s11596-016-1557-z
https://www.ncbi.nlm.nih.gov/pubmed/26838756
http://dx.doi.org/10.1097/GRF.0000000000000280
https://www.ncbi.nlm.nih.gov/pubmed/28221179
http://dx.doi.org/10.1016/j.jmig.2014.07.013
https://www.ncbi.nlm.nih.gov/pubmed/25051536
http://dx.doi.org/10.1089/lap.2013.0575
https://www.ncbi.nlm.nih.gov/pubmed/24960173
https://www.ncbi.nlm.nih.gov/pubmed/25356152


5

Tingting Liu et al., Transvaginal salpingo-oophorectomy with gasless laparoscopy — an optional pure natural orifice transluminal endoscopic surgery

www. journals.viamedica.pl/ginekologia_polska

21.	 Poon C, Hyde S, Grant P, et al. Incidence and Characteristics of Unsuspected 
Neoplasia Discovered in High-Risk Women Undergoing Risk Reductive 
Bilateral Salpingooophorectomy. Int J Gynecol Cancer. 2016; 26(8): 1415–
1420, doi: 10.1097/IGC.0000000000000791, indexed in Pubmed: 27488216.

22.	 Sandberg EM, la Chapelle CF, van den Tweel MM, et al. Laparoendoscopic 
single-site surgery versus conventional laparoscopy for hysterectomy: 

a systematic review and meta-analysis. Arch Gynecol Obstet. 2017; 
295(5): 1089–1103, doi: 10.1007/s00404-017-4323-y, indexed in Pub-
med: 28357561.

23.	 Chen Y, Li J, Zhang Y, et al. Transvaginal Single-Port Laparoscopy 
Sacrocolpopexy. J Minim Invasive Gynecol. 2018; 25(4): 585–588, doi: 
10.1016/j.jmig.2017.10.017, indexed in Pubmed: 29107118.

http://dx.doi.org/10.1097/IGC.0000000000000791
https://www.ncbi.nlm.nih.gov/pubmed/27488216
http://dx.doi.org/10.1007/s00404-017-4323-y
https://www.ncbi.nlm.nih.gov/pubmed/28357561
http://dx.doi.org/10.1016/j.jmig.2017.10.017
https://www.ncbi.nlm.nih.gov/pubmed/29107118

