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Abstract
Laparoscopic cholecystectomy is the most commonly 

performed abdominal intervention in Western countries. 
In an attempt to reduce the invasiveness of the 
procedure, surgeons have developed single-incision 
laparoscopic cholecystectomy (SILC), minilaparoscopic 
cholecystectomy (MLC) and natural orifice transluminal 
endoscopic surgery (NOTES). The aim of this review was 
to determine the role of these new minimally invasive 
approaches for elective laparoscopic cholecystectomy 
in the treatment of gallstone related disease. Current 
literature remains insufficient for the correct assessment 
of emerging techniques for laparoscopic cholecystectomy. 
None of these procedures has demonstrated clear 
benefits over conventional laparoscopic cholecystectomy. 
SILC cannot be currently recommended as it can be 
associated with an increased risk of bile duct injury and 
incisional hernia incidence. NOTES cholecystectomy 
is still experimental, although hybrid transvaginal 
cholecystectomy is gaining popularity in clinical practice. 
As it is standardized and almost identical to the standard 
laparoscopic technique, MLC could lead to limited benefits 
without exposing patients to increased postoperative 
complications, being therefore adoptable for routine 
elective cholecystectomy. Technical challenges of SILC 
and NOTES cholecystectomy could be addressed with the 
evolution of new surgical tools that need to catch up with 
the innovative minds of surgeons. Regardless the place 
of these approaches in the future, robotization may be 
necessary to impose them as standard treatment.
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Core tip: In an attempt to reduce the invasiveness of 
laparoscopic cholecystectomy, surgeons have developed 
single-incision laparoscopic cholecystectomy (SILC), 
minilaparoscopic cholecystectomy (MLC) and natural 
orifice transluminal endoscopic surgery (NOTES), which 
are hereby evaluated. SILC cannot be recommended as 
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it can be associated with an increased risk of bile duct 
injury. NOTES cholecystectomy is still experimental, 
although hybrid transvaginal cholecystectomy is gaining 
popularity. As it is standardized and almost identical to 
the standard laparoscopic technique, MLC could lead to 
limited benefits without exposing patients to increased 
postoperative complications, being therefore adoptable 
for routine elective cholecystectomy.
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INTRODUCTION
Laparoscopic cholecystectomy has become the pro­
cedure of choice for routine gallbladder removal and 
is currently the most commonly performed abdominal 
intervention in Western countries[1]. Compared to 
open cholecystectomy, laparoscopic cholecystectomy 
decreases postoperative pain and the need for post­
operative analgesia, shortens hospital stay and return 
to full activity, with improved cosmesis and patient 
satisfaction[2]. The laparoscopic approach has gained 
acceptance not through organized and carefully 
conceived clinical trials but through commendation. 
Prospective randomized trials were late and irrelevant 
because advantages were already clear at the moment 
of their conception. Thus, laparoscopic cholecystectomy 
has received universal acceptance and is now considered 
the gold standard for the treatment of symptomatic 
cholecystolithiasis[3]. Moreover, trials have shown that 
day-case laparoscopic cholecystectomy was safe and 
successful, indicating that it should be offered to most 
patients in an outpatient basis[4].

Conventional laparoscopic cholecystectomy (CLC) is 
traditionally carried out with four ports (two 10-mm and 
two 5-mm ports). Since its introduction, investigators 
have attempted to achieve further improvements to the 
established technique, aiming to reduce the invasiveness 
of the procedure by decreasing the number and the size 
of the operating ports. The use of smaller incisions 
to complete the standard 4-port technique is broadly 
referred to as minilaparoscopic cholecystectomy[5] 
(MLC). Needlescopic surgery is a subcategory of 
minilaparoscopic surgery using ports and instruments 
that are less than or equal to 3 mm in diameter[6]. In 
reduced trocar surgery, cholecystectomy is performed 
with less than 4 incisions, up to single incision laparo­
scopic cholecystectomy (SILC)[7]. More recently, in 
an attempt to eliminate all skin incision, surgeons 
have described cholecystectomy with an endoscope 
through a natural orifice then through internal incision 
of a intraperitoneal viscus, so-called natural orifice 
transluminal endoscopic surgery (NOTES)[8].

The aim of the current review is to determine the 
role of these new minimally invasive approaches for 
elective laparoscopic cholecystectomy in the treatment 
of gallstone related disease.

FOREWORD TO LITERATURE REVIEW
CLC is a well-established technique, with minimal 
conversion to open surgery and low incidence of com­
plications[9], allowing day-case surgery as a standard 
procedure[4]. Therefore, it is unlikely that the trials 
assessing minimally invasive approaches can be powered 
to measure either reduction in the complication rate 
or in the length of hospital stay. Use of pain as the 
primary outcome can also be misleading, as the clinical 
significance of reduction in pain scores measured 
by visual analogue scale is unknown for laparoscopic 
cholecystectomy[9]. Moreover, patient’s perception 
of the cosmetic outcome after CLC is excellent[10,11], 
and improvements in cosmesis seems difficult to 
achieve when high rates of satisfaction exist with the 
established technique.

Another issue on the evaluation of these new 
minimally invasive approaches is the low quality of the 
existing studies[12,13], reporting mostly low samples with 
lack of blinding. There appears to be no standardization 
of the emerging techniques, limiting the relevance of a 
meta-analysis for comparison with CLC. In addition, a 
large majority of studies described follow-up of less than 
12 mo, avoiding adequate interpretation of cosmetic 
outcome or incisional hernia rate[14,15].

It must be mentioned that existing studies comparing 
CLC to either SILC, MLC or NOTES cholecystectomy 
describe selected patients, including only uncomplicated 
cholecystolithiasis without previous upper abdominal 
laparotomy. At this time, no selection criteria for the 
optimal choice of minimally-invasive technique have been 
defined in the literature.

SINGLE-INCISION LAPAROSCOPIC 
CHOLECYSTECTOMY
The first SILC was described in 1997 by Navarra et al[7] in 
a report on 30 selected patients with favorable outcomes. 
The technique spread slowly until more recent years, 
with publication of numerous prospective randomized 
controlled trials. However, these randomized control 
trials had several drawbacks[16], most reporting small 
sample size. Moreover, there is significant heterogeneity 
amongst surgical procedures defined as single-incision 
surgery. A wide variation of techniques is described 
with regard to the use of multiport device or separate 
trocars in one incision, the instrumentation, the method 
of gallbladder anchorage and the exposure of Calot’s 
triangle. Thus, there appears to be no standardization 
of the technique and comparison of SILC with standard 
multiport laparoscopic cholecystectomy suffers from this 
heterogeneity and lack a firm evidence base.
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routine procedure for laparoscopic cholecystectomy. 
Technical challenges of SILC could be eradicated with 
the evolution of novel instrumentation. Regardless the 
role of this approach in the future, robotization may be 
necessary in order to propose it as standard treatment.

MINILAPAROSCOPIC 
CHOLECYSTECTOMY
The benefits, safety and feasibility of MLC were 
established in small series at the late 1990s[5,6,32,33]. 
Several prospective randomized controlled trials 
comparing MLC with CLC were published in the past 
decade, gathered in two systematic reviews[34,35] 
and three meta-analyses[13,36,37], although the latter 
include studies reporting less than 3-port laparoscopic 
cholecystectomy as minilaparoscopic approach.

By definition, MLC is carried out with the use of smaller 
diameter instruments than the 5-mm instruments used 
for CLC, a range of 1.7 to 3.5 mm being described. Most 
surgeons perform dissection of Calot’s triangle with a 
10-mm laparoscope in the umbilical site, only reverting 
to a 2- or 3-mm laparoscope for clipping the cystic 
duct and cystic artery[3,38-40]. Others reported using 
the 10-mm umbilical port for instrumental introduction 
and a 2- or 3-mm laparoscope[33]. The only difference 
between MLC and CLC being the size of the incisions 
made and the instruments used, the surgical technique 
remains almost identical, offering satisfactory 
triangulation and retraction. In our experience, MLC can 
be easily standardized, with a relatively short learning 
curve. MLC can be completed successfully in more than 
80% of patients, the remaining being mostly converted 
to CLC[34]. In addition, the rate of conversion to open 
approach is similar for minilaparoscopic and CLC[13,35]. 
Operative time can be increased when performing 
MLC, but various studies did not observe a statistically 
significant difference[13,34,35].

The available data in the literature suggest that 
the advantages of MLC over CLC are limited. There 
appears to be no advantage of MLC over CLC regarding 
postoperative pain, length of hospital stay and return to 
professional activities[34-36]. The impact of minilaparoscopic 
approach on cosmetic outcomes is inconsistent, the 
evaluation being challenged by the heterogeneity of the 
studies[13,34,37], the excellent results of the conventional 
laparoscopic approach[10,11] and the absence of a reliable 
objective evaluation scale. Postoperative morbidity is 
not affected by the minilaparoscopic approach[34,35,37], 
demonstrating that MLC is a safe alternative to CLC. 
Additional cost related to the acquisition of minila­
paroscopic instruments and ports is not assessed in the 
literature. However, instruments and ports are reusable 
and can be employed routinely for other laparoscopic 
procedures, such as hernia repair[41].

Finally, it seems that the use of smaller incisions 
in selected patients could lead to limited benefits 
(mainly cosmetic), without exposing them to increased 

Proximity of instruments when used through a single 
incision results in inadequate retracting abilities and loss 
of triangulation, which may lead to suboptimal exposure 
of Calot’s triangle. Furthermore, clashing of instruments 
is common and complicates a smooth and meticulous 
dissection. In the literature, SILC is associated with a 
longer operative time than the standard technique. The 
addition of at least one instrument is necessary in 5% 
to 8.4% of SILC procedures[12,17].

Potential advantages of SILC were that it could 
reduce postoperative pain, allow earlier return to work, 
result in greater patient satisfaction, and especially 
improve cosmetic results. A total of 16 meta-analysis 
have compared the outcomes of SILC to conventional 
4-ports laparoscopic cholecystectomy[9,12,16-29]. The 
majority of these studies observed comparable post­
operative pain[17,19,21-28] and time to return to normal 
activities[16,25], although 3 meta-analysis describe 
better postoperative pain scores within 24 h following 
SILC[12,16,20]. Likewise, SILC does not seem to provide 
a better quality of life[9,28]. Ten meta-analyses showed 
that SILC offered a better cosmetic score than CLC, 
three reported no difference, but all report short-time 
evaluation[9,12,16,17,19,20,22-28]. Interestingly, recent studies 
assessed long-term cosmesis after 4-port laparoscopic 
cholecystectomy, showing excellent cosmetic outcome 
with this standardized technique[10,11]. Moreover, these 
studies suggest that the umbilical port is the most 
related to wound-related issues such as pain, infection, 
or cosmesis dissatisfaction, problems that will not be 
eradicated with the use of a single-port approach.

Complication rates are low after laparoscopic chole­
cystectomy, thus no meta-analysis found statistical 
differences between single-incision and CLC. However, 
Allemann et al[18] specifically assessed the risk of 
bile duct injuries following these two procedures and 
observed a non statistically significant increase in 
the rate of bile duct injury (0.4%) and other biliary 
complications (1.6%) after SILC (0% and 0.5% 
respectively for CLC). A possible increased risk of 
port-site hernia after SILC is also difficult to evaluate, 
firstly because it is underestimated due to the lack 
of long-term results and secondly because of its low 
incidence. One meta-analysis[22] showed a higher risk 
of incisional hernia after SILC, while others observed 
a trend towards a higher rate of incisional hernia after 
SILC without reaching statistical significance[16,17,19]. 
Moreover, although data regarding cost-effectiveness is 
scarce, a longer average operative time and the need 
for advanced surgical supplies could lead to potential 
added costs[30,31].

Finally, it appears that SILC is at present unable 
to preserve the well-established safe principles 
of laparoscopic cholecystectomy and could thus be 
associated with an increased risk of complications. No 
distinct benefit of SILC over CLC has been identified 
to date, with the arguable exception of cosmesis. 
Therefore, until further trials demonstrate the safety 
of SILC, it cannot currently be recommended as a 
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occurrence of adverse events. MLC appears as a 
standardizable and safe procedure, suitable for routine 
elective cholecystectomy.

NATURAL ORIFICE TRANSLUMINAL 
ENDOSCOPIC CHOLECYSTECTOMY
A new evolution in the history of gallbladder surgery 
occurred in the past few years with the first cases 
of cholecystectomy by NOTES. After several reports 
in animal models[42], Marescaux et al[8] performed 
the first NOTES cholecystectomy in a patient using 
transvaginal access and a single 2-mm abdominal 
entry port. Subsequently, several teams joined the 
development of NOTES cholecystectomy. Pure NOTES 
techniques have been described, using transvaginal 
access in humans or transgastric and transcolonic 
approaches in animal models[43-45]. However, in clinical 
practice, the hybrid technique is widely used, aiming to 
further add benefits of decreased invasiveness. Hybrid 
transgastric cholecystectomy has been reported in 
small case series[46], but the procedure is still technically 
challenging with the currently existing instrumentation. 
To date, due to the established safety of colpotomy, 
the majority of clinical NOTES cholecystectomy is 
performed through hybrid transvaginal access (TVC), 
which is hereby analyzed.

The novelty of the technique and the lack of operative 
standardization lead to heterogeneity between the 
studies in the literature. However, a trend towards 
standardization appeared in the last years, as the 
majority of studies use a 5-mm umbilical incision for 
initial laparoscopic visualization and deployment of 
instrumentation, and a transvaginal incision for insertion 
of a laparoscope along with a grasping forceps and for 
extraction of the specimen. This technique is associated 
with longer operative time than CLC, and the conversion 
rate of TVC to CLC is estimated at 10%[47].

To date, three randomized control trials have been 
published, comparing transvaginal hybrid cholecystectomy 
to conventional[47,48] or needlescopic[49] laparoscopic 
cholecystectomy, along with one meta-analysis[50]. The 
proponents of NOTES cite reduced postoperative pain 
as an advantage of TVC over CLC. However, a recent 
meta-analysis showed a non-significant reduction in 
postoperative pain but a significant decrease in time for 
return to normal activities[50]. Another clear benefit of 
TVC is improved cosmesis. Importantly, there appears to 
be no significant difference in postoperative complications 
or rate of bile duct injury between TVC and CLC in 
these trials, conducted in centers of excellence and on 
selected patients[50]. Moreover, several studies reported 
no dyspareunia or difference in return to sexual activity 
between TVC and CLC groups after short-term follow-
up[47-49].

Therefore, the hybrid transvaginal technique is a 
promising minimally invasive approach for cholecystectomy, 
though it demands further standardization. Despite 

the lack of high-powered studies, TVC seems safe in 
selected patients when performed by skilled surgeons. 
Furthermore, it has a similar morbidity to CLC and may 
be associated with decreased postoperative pain and 
time for return to normal activities. The major drawback 
of TVC is its applicability to only half of the patients 
with symptomatic cholecystolithiasis. In addition, even 
among women, the use of the transvaginal approach 
should be evaluated with regards to potential risks 
on subsequent fertility and discomfort during sexual 
intercourse.

Impediments for the adoption of other types of NOTES 
cholecystectomy include skepticism on transgressing 
and closing mucosal barriers[51], but also the lack of 
technological evolution of surgical tools and platforms 
that need to catch up with the innovative minds of 
surgeons.

CONCLUSION
Technical innovation within surgery is laudable and the 
progress that results is generally a consequence of the 
quest to achieve optimum outcomes for patients. To 
date, current literature remains insufficient for the correct 
assessment of new minimally invasive approaches for 
laparoscopic cholecystectomy. None of these emerging 
techniques has demonstrated clear benefits over CLC. 
SILC cannot be currently recommended as it appears 
to be associated with an increased risk of bile duct 
injuries and a potential for increased incisional hernia 
incidence. NOTES cholecystectomy is still experimental, 
although hybrid TVC is gaining popularity in clinical 
practice. As it is standardized and almost identical to the 
conventional technique, MLC could provide limited benefits 
without exposing patients to increased postoperative 
complications, and is therefore suitable for routine 
elective cholecystectomy.
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