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Almost every organ in the abdominal cavity is accessible 
in a minimally invasive manner. Laparoscopic surgery affords 
significant advantages compared to conventional open surgery. 
The magnification afforded by modern optical devices, and the 
unique visualization of target organs, facilitates delicate procedures 
including cutting and tissue division. Additionally, operative views 
are shared by all attendees (however experienced), affording maximal 
educational efficacy by allowing surgeons to develop their visual 
skills. Such surgery has several important advantages: the scar length 
and postoperative pain level are reduced, and the cosmetic results 
improved, as compared to the outcomes of open surgery [1].

In the time since the introduction of the technique in the 1980s 
[2], laparoscopic cholecystectomy (LC) has become recognized as the 
surgical procedure of choice for elective surgery patients. The biliary 
tract, including the gallbladder, is located in a remote right-sided 
bodily region, distant form the surgical opening, and the visual field 
is thus poor when open cholecystectomy is performed. Hence, it is 
very useful to use a laparoscope to better define the visual field.

Standard LC traditionally employed four trocars (two 10-mm 
and two 5-mm in length); one trocar is for the camera, one for 
instruments, and two allow manipulation of the gallbladder to afford 
adequate exposure of the surgical field (including Calot’s triangle) [3]. 
Improvements in laparoscopic techniques, and advances in surgical 
experience, have led to surgeons suggesting that the fourth trocar was 
unnecessary. Commencing in the late 1990s, surgeons found that LC 
was safely performed using less than four access ports [4-6]. The first 
paper on single-port LC, performed in 30 patients, was published in 
1997 by Navarra et al. [7] and other authors subsequently described 
“transumbilical” single-port LC [8,9]. The technique has become 
commonly adopted in recent years. Initially, safety concerns were 
raised, but two meta-analyses showed that single-port LC was safe; 
no significant difference between conventional and single port LC 
was evident in terms of complications (including bile duct injury) 
[10,11]. A further meta-analysis found that single-port LC afforded 
better cosmetic satisfaction, and reduced postoperative pain, at a cost 
of longer operative time, as compared to multiple-incision LC [3,12]. 
Finally, the first report on transvaginal natural orifice transluminal 
endoscopic surgery (NOTES), used for cholecystectomy, appeared in 
2007, and found that access trauma was minimized and no visible 
scars created [13].
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Contemporaneously, mini-laparoscopic cholecystectomy (mini-
PLC), using smaller ports and incisions (<5 mm), became possible via 
manufacturing improvements in surgical instruments, particularly 
forceps stiffness. In a meta-analysis of 43 RCT studies, Li et al. 
compared single-port LC, two-port LC, three-port LC, four-port LC, 
and mini-four-port LC, and found that four-port LC was associated 
with the highest level of postoperative pain, the longest hospital stay, 
and the lowest cosmetic score. The mini-four-port LC had the highest 
cosmetic score and the lowest level of postoperative complications; 
single-port LC was associated with the lowest level of postoperative 
pain and the shortest hospital stay.

However, ascending the learning curve for laparoscopic 
techniques, which requires development of depth perception (screen 
views are obviously two-dimensional); working while lacking tactile 
sensation; and an understanding of how forceps range varies under 
different circumstances, requires time and (considerable) effort in a 
clinical context [14-16]. Historically, many innovations in digestive 
surgery were first evaluated by performing cholecystectomies in 
humans. Consideration of both surgical expertise and learning curve 
parameters are important when a new approach is planned. Pre-
clinical training using live animals, or a dry box, is usually needed. 
A randomized controlled trial study showed that such training, 
using porcine organs, significantly improved the operating room 
performance of surgical residents, as compared to those not so 
trained; skills were transferred from the laboratory to the theater [17]. 

Dedicated surgeons and those who develop new medical 
technology will always advocate the development of new approaches 
to cholecystectomy. The design of appropriate instruments, ports. 
And optical devices facilitating such efforts, is a major research field.
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