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Recent advances in minimally invasive surgery for gynecologic indications

Yu-Jin Koo
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Recently, an increasing interest in less invasive surgery has led to the advent of laparoendoscopic single- 
site surgery (LESS) and natural orifice transluminal endoscopic surgery (NOTES). LESS and NOTES could 
be technically challenging, but available literature has demonstrated the feasibility and safety of LESS for 
benign gynecologic diseases. However, the evidence is not strong enough to recommend the use of LESS 
over that of conventional multiport laparoscopic surgery (MLS). As per the results of the most recently pu- 
blished meta-analysis, the majority of surgical outcomes are equivalent between LESS and MLS, except 
for the longer operative time in LESS for both adnexal surgery and hysterectomy. Although an increasing 
number of studies have reported on robotic LESS, NOTES, and LESS for gynecologic malignancy, definite 
conclusions have not been drawn owing to the lack of sufficient information.
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INTRODUCTION

Over the last two decades, minimally invasive surgery has 
been widely adopted, and it has become the standard proce-
dure in gynecologic diseases. Considerable evidence indicates 

that owing to the non-requirement of a large abdominal inci- 
sion, laparoscopic surgery offers substantial advantages over 
open surgery, including less postoperative pain, shorter hos-

pital stays, faster postoperative recovery, improved cosme- 
tic outcomes, fewer wound-related complications, and lower 
costs [1,2].

An increasing interest in even less invasive surgery has led 
to the advent of laparoendoscopic single-site surgery (LESS), 
which is also called single-port surgery or single-incision lapa- 

roscopy. During this procedure, all instruments are inserted 

through a single skin incision, which is almost invariably made 
at the umbilicus. Historically, gynecology has played a lead-
ing role in the development of LESS. The first reported case 

of LESS was a tubal sterilization performed by Wheeless in 
1969 [3]. Approximately 20 years later, Pelosi and Pelosi [4] 
reported the first case of hysterectomy through LESS. Cur- 

rently, LESS is used for various surgeries for gynecologic, 
urologic, and gastrointestinal indications.

A single small incision of entry could pose technical prob-

lems to the surgeon. However, a growing body of knowledge 
indicates that the feasibility and safety of LESS are currently 
evident for more complex procedures than they were in the 

past, although the clinical advantages of LESS over conven-
tional multiport laparoscopic surgery (MLS) are still under in- 
vestigation.

This study aimed to provide a systematic review of the 
recent updates on the clinical outcomes of minimally invasive 
procedures in gynecologic diseases. We particularly focused 

on the procedure of not only LESS but also natural orifice 
transluminal endoscopic surgery (NOTES), which is an emer- 
ging technique in minimally invasive surgery.
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LESS in benign adnexal diseases

Soon after the introduction of LESS, several studies have 
proposed the promising benefits of LESS over MLS, such as 
improved cosmesis, less pain, and decreased incisional mor-

bidity [5-7]. The hypothesis was similar to that of the benefits 
of MLS over open surgery. However, the superiority of LESS 
over MLS is still debatable.

In fact, recent data do not support the added advantages 
of LESS over MLS in both adnexal surgery and hysterecto- 
my, which are the common gynecologic procedures [8-11]. 

In 2017, Schmitt et al. reported a meta-analysis evaluating 
the clinical advantages of LESS for adnexal surgery [8]. Th- 
rough a pooled analysis of six randomized controlled trials 

(RCTs), the authors showed that there was no significant 
difference between LESS and MLS in terms of length of hos-
pital stay, blood loss, postoperative pain, and cosmetic out- 

comes. In fact, the operative time was longer for LESS (p= 
0.03). No cases of conversion to open surgery were identified 
in either of the groups. Consequently, the authors concluded 

that LESS cannot be recommended in current practice for 
adnexal surgery in the absence of significant differences be-
tween LESS and MLS.

Prior to the study by Schmitt et al., one meta-analysis [10] 
had compared LESS and MLS, although it included hyster-
ectomy as well as adnexal surgery for benign indications. The 

authors found no significant difference in the risk of compli-
cations between LESS and MLS. Notably, the mean operative 
time was 6.9 minutes longer for adnexal surgery performed 

by LESS than that for surgery performed by MLS. The authors 
concluded that the evidence is not strong enough to recom-
mend the use of LESS over MLS, even though the difference 

may not be clinically significant, and the quality of this evi-
dence was poor.

To date, studies have reported inconsistent results with 

regard to the cosmetic outcomes of LESS and MLS [8,12,13]. 
Unexpectedly, a recent meta-analysis by Schmitt et al. found 
no significant difference in cosmetic outcomes between pati- 

ents who underwent LESS and those who underwent MLS 
(p=0.71) [8]. In another study on MLS for benign gynecolo- 
gic surgery, patients were postoperatively interviewed regar- 

ding their skin wound [14]. The majority of the patients re-
membered fewer incisions than those actually made, and pre-

ferred to eliminate, if possible, the umbilical incision among 
the four skin incisions. This result indicates a limited cosmetic 
advantage of LESS.

The main drawbacks of LESS are the requirement of a 
larger umbilical incision (up to 2.5-3 cm) and the technical 
challenges associated with the procedure, especially owing 

to the lack of triangulation caused by the proximity of the 
instruments. There is also a concern regarding port hernia-
tion owing to the larger opening in LESS, although the risk 

has not fully been determined owing to its rare occurrence 
[15-17]. Paradoxically, it is expected that a single incision 
using an open technique in LESS may decrease the risk of 

incisional morbidity [11]. Moreover, the larger umbilical in-
cision is useful for specimen extraction and extracorporeal 
procedures such as omentectomy and repair of small bowel.

The technical challenge associated with LESS, especially 
for advanced surgery, is a well-recognized disadvantage. Al- 
though an indication of LESS is very uncertain and is largely 

dependent on the skill and preference of the operating sur-
geon, it is suggested that LESS should be avoided as an initial 
experience of surgeons for more complex surgeries, such as 

large ovarian cystectomy, surgery for severe endometriosis 
[11,18], and tubo-ovarian abscess combined with severe pel-
vic adhesion, and in women with a history of panperitonitis 

and morbidly obese women.
Few studies have evaluated the cost-effectiveness of LESS. 

The cost analysis is complicated and is influenced by various 

factors, such as the insurance program of each country. Altho- 
ugh LESS surgery does not require two or three ancillary 
trocars, the possible use of a multi-channel commercial trocar 

incurs additional costs [19].

LESS in benign uterine diseases

Hysterectomy may require a higher level of surgical skill 
than adnexal surgery does. Nevertheless, LESS is now widely 

applied for not only laparoscopic-assisted vaginal hysterec- 
tomy (LAVH) but also total laparoscopic hysterectomy (TLH). 
In 2015, a retrospective study reported that 80% of hyste- 

rectomies in a single hospital in Korea were performed via 
LESS [20].

In 2017, Sandberg et al. published a meta-analysis that in-

cluded RCTs, and prospective and retrospective cohort stu- 
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dies for evaluating LESS versus MLS for hysterectomy in be-
nign disease [21]. No significant differences were observed 
in the complication rates, postoperative pain, intraoperative 

blood loss, and length of hospital stay between the two groups. 
The complication rate was 5.3% in the LESS group and 5.6% 
in the MLS group for major complications, and 3.4% in the 

LESS group and 4.5% in the MLS group for minor complica- 
tions. No case of port herniation was found. Based on sub- 
analysis specific for LAVH and TLH, no difference in compli-

cation rate was observed between the groups. The rate of 
conversion to open surgery was 1.2% in the LESS group and 
0.4% in the MLS group, with no significant difference; how-

ever, 3.5% of patients who underwent LESS required an ad-
ditional port. The operative time was 11.3 minutes longer 
in the LESS group than in the MLS group, which is in line 

with the results of the meta-analysis by Schmitt et al., which 
evaluated adnexal surgery [8].

In terms of learning curve, previous studies indicated that 

even well-trained laparoscopic surgeons must perform at least 
10 to 15 [6] and up to 40 surgeries [22] using LESS-TLH, in 
order to acquire sufficient skills. In particular, vaginal vault 

suture, uterine myomectomy, and LESS hysterectomy for in-
creased uterine weight are considered challenging. In 2017, 
a review article suggested that minimally invasive hysterec- 

tomy for the large uterus is feasible [23]. However, only two 
RCTs comparing LESS and MLS were included in the analy-
sis; moreover, women with uterine size greater than 18 weeks 

were excluded.
Owing to inadequate triangulation and instrumental colli-

sion, closure of the vaginal cuff is particularly difficult during 

LESS-TLH. The lack of consensus regarding the best techni-
que for cuff closure is evidenced by the various approaches 
used by individual surgeons; however, new techniques and 

materials have currently improved surgical proficiency and 
the strength of closure. For example, barbed suture, which is a 
type of knotless suture, has gained popularity as a useful tech-

nique during LESS. Several studies have reported a shorter 
operative time and decreased risks of postoperative vaginal 
bleeding and vaginal cuff cellulitis in cases where a barbed su- 

ture is used, compared with cases where a conventional su-
ture is used, although data from other studies are inconsistent 
[24]. However, issue about the potential safety of barbed 

sutures was recently raised by the Government of Canada, 
which warned about the risk of small-bowel obstruction, pro- 

bably caused by hooking onto a part of the small intestine 
by a portion of the barbed suture.

Myomectomy via LESS is one of the most demanding pro- 

cedures. The entire process, including myoma extraction, 
bleeding control during myoma enucleation, closure of ute-
rine incision, and morcellation of myoma, is challenging. How- 

ever, in 2017, a comparative study consisting of 100 cases 
of LESS versus MLS showed the feasibility and safety of LESS- 
myomectomy with respect to operative time, postoperative 

pain, blood loss, and length of hospital stay [25]. Further large 
multicentric studies are required to ascertain the surgical ad-
vantages of LESS over MLS in myomectomy.

LESS in gynecologic malignancies

In an effort to achieve the benefits of minimally invasive 
techniques, many clinicians have implemented LESS, even for 
oncologic surgeries. The first report of LESS for gynecologic 

oncology procedures was published by Fader and Escobar 
in 2009 [26], in which the surgical indications included vari-
ous gynecologic cancers and precancerous conditions. There- 

after, several studies have demonstrated the feasibility and 
safety of LESS in gynecologic oncology.

In a retrospective multicentric study, Fagotti et al. evalua- 

ted the effect of LESS in 100 cases of early-stage endometrial 
cancer [27]. This was a large-scale study of endometrial can-
cer treated using LESS. Pelvic and paraaortic lymphadenec-

tomy was performed in 48 and 27 patients, respectively, and 
a median of 16 pelvic nodes and 7 paraaortic lymph nodes 
were retrieved. Eight cases of intra- or postoperative com- 

plications were found, and two conversions to MLS or open 
surgery were observed. Altogether, the authors concluded 
that LESS is feasible for treatment of early-stage endometrial 

cancer.
Similarly, the first case of LESS radical hysterectomy for 

cervical cancer was reported by Garrett and Boruta in 2012 

[28], and the same study group reported the first retro-
spective series of patients with stage I cervical cancer who 
were treated using LESS radical hysterectomy and pelvic lym-

phadenectomy [29]. The surgical outcomes were promising, 
as follows: 260 minutes of median operative time, 60 mL of 
median blood loss, and 9% of conversion rate to MLS or 

open surgery. Finally, the authors proposed larger studies to 
determine whether LESS can be used in routine gynecologic 
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oncology practice.
Meanwhile, a wide peritoneal spread and frequent recur- 

rence of ovarian cancer have limited the use of LESS. Unlike 

endometrial or cervical cancer, the feasibility and oncologic 
safety of even MLS for early-stage ovarian cancer is still under 
debate. It might be plausible that LESS is used merely for 

initial diagnosis and intra-abdominal exploration, but not for 
upfront surgical staging, in ovarian cancer. To date, no series 
of ovarian cancer treated with LESS has been reported.

Robotic-assisted LESS (R-LESS) in 
gynecologic surgery

Although the surgical indication for MLS has slowly exten- 

ded to more advanced gynecologic pathologies, robotic mini-
mally invasive surgery has been rapidly utilized in various 
gynecologic diseases. Less than 10 years ago, the first report 

of R-LESS in gynecology introduced risk-reducing bilateral 
salpingo-oophorectomy and total hysterectomy performed in 
a woman with breast cancer [30]. In 2014, the Food and Drug 

Administration approved R-LESS instruments for use in be-
nign hysterectomy and salpingo-oophorectomy. Recently, R- 
LESS is becoming more standardized and is increasingly used 

by surgeons despite a technical limitation attributed to the 
absence of EndoWrist technology, unlike the robotic MLS 
platform [31].

In 2018, a systemic review described the surgical outcomes 
of 810 cases of R-LESS hysterectomy performed for non-neo-
plastic disease [31]. Although the operative time of and blood 

loss associated with the procedure were tolerable, definite 
conclusions regarding postoperative pain and cosmetic results 
remained unknown owing to the lack of sufficient informa- 

tion. Complications and conversion to open surgery were 
reported in 4.9% and 2.8% of the patients, respectively. In 
terms of learning curve, the study found that a proficiency 

in vaginal cuff suture can be achieved after 14 cases, and that 
both large uterus and previous abdominal surgery are limita- 
tions of R-LESS hysterectomy.

A previous study by Lopez et al. retrospectively compared 
R-LESS and LESS hysterectomy for benign indications in 100 
patients [32]. The rate of conversion to multiport procedures 

was 16% in the R-LESS group and 10% in the LESS group, 
without a statistically significant difference. There were no 

conversions to open surgery. Blood loss was equivalent bet- 
ween the two groups; however, the operative time was 24.9 
minutes longer in the R-LESS group.

Several studies have shown the feasibility and safety of R- 
LESS procedures. However, most of these studies are case 
series or retrospective cohort studies. Further evidence in this 

regard is warranted.

NOTES in gynecologic surgery

NOTES is a scarless single-entry surgery, which is an emer- 
ging concept in minimally invasive techniques. Although it 

can be performed via various access routes such as the stom-
ach, esophagus, vagina, bladder, and rectum, the vagina has 
been focused on almost exclusively, as it might be the safest 

and most feasible route for clinical application [33]. Reported 
advantages of NOTES include the absence of a visible abdo- 
minal scar, less operative pain, shorter hospital stay, improved 

operative visibility, and possibly, no requirement of adhesio- 
lysis to expose the pelvic organs [33].

In 2013, Yang et al. reported seven cases of transvaginal 

NOTES for salpingo-oophorectomy [34]. The median tumor 
size was 6 cm; the estimated blood loss was minimal, and the 
mean operative time was 45 minutes. No postoperative com-

plication or conversion to standard laparoscopic surgery was 
reported, suggesting that transvaginal NOTES is feasible and 
safe for the treatment of adnexal masses.

More recently, a meta-analysis evaluated the advantages 
and disadvantages of NOTES hysterectomy in patients with 
benign gynecological disease [35]. The study did not find RCTs 

but included two retrospective cohort studies comparing 
NOTES hysterectomy with conventional LAVH(either LESS-  
or MLS-LAVH). It was observed that compared to conven-

tional LAVH, the NOTES group was associated with shorter 
operative time and hospital stay but higher cost. There were 
no differences between the groups in terms of intra- or post-

operative complications and postoperative pain. No case of 
conversion to conventional laparoscopy or open surgery was 
demonstrated. The study concluded that NOTES should be 

considered as an option for gynecological approaches.
Although the use of NOTES in gynecologic surgery is rap-

idly increasing, technical difficulties that must be overcome 

still exist. As the limitation of NOTES is mainly related to 
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collision between instruments, a study recommended using 
a flexible scope or a rigid scope with at least a 30-degree 
lens [33].

CONCLUSION

LESS and NOTES are the emerging techniques in the evo-
lution of minimally invasive surgery. Their technical limi-
tations continue to lessen with the recent technological in-

novations, such as the robotic surgical system, various types 
of multi-channel ports, and articulating instruments.

The feasibility and safety of LESS for benign gynecologic 

diseases have been demonstrated. However, the evidence is 
not strong enough to recommend the use of LESS over MLS, 
as the definitive superiority of LESS has not been established. 

Based on the result of the most recently published meta-anal-
ysis, the majority of surgical outcomes are equivalent between 
LESS and MLS, except for the longer operative time required 

for LESS than for MLS for both adnexal surgery and hysterec- 
tomy. Although several studies have been reporting on ro-
botic LESS, NOTES, and LESS for gynecologic malignancy, 

definite conclusions with regard to their safety and efficacy 
have not been drawn owing to the lack of information.

The clinically relevant benefits and risks of LESS could 

vary according to the individual institution or surgeon. The 
available literature highlights the statistical limitation of the 
analysis as well as the major differences in the surgical techni-

ques and the equipment used among the studies published.
Extensive experience with minimally invasive surgery, es-

pecially MLS, has already been accumulated. However, fu-

ture well-designed large-scale research is necessary to deter- 
mine the effectiveness of LESS as well as R-LESS and NOTES 
for gynecologic malignancies. An indication and absolute con- 

traindication should also be ascertained before the widespread 
use of these procedures.
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