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Laparoscopic colorectal surgery (LCS) was first described 
in the 1990s and for the most part has become the standard 
of care for colorectal surgery. Robotic-assisted colorectal 
surgery (RACS) was described around the year 2000, and 
advocates argue that it overcomes many issues associated 
with laparoscopic surgery, particularly in surgery for rectal 
cancer. More recently, the bottom-up minimally invasive 
approach, transanal total mesorectal excision (TaTME), for 
rectal surgery has gained popularity, and it has perceived 
advantages over laparoscopic rectal surgery.

Minimally invasive surgery has been associated with 
some short-term benefits, including reduced bleeding and 
postoperative pain, and better cosmetic outcomes. Despite 
this, the debate on oncologic outcomes when compared with 
open surgery is still ongoing [1–3]. The benefits of one mini-
mally invasive approach over the others form the subject of 
further debate, and as much of this is driven by proponents 
of an individual technique, choosing the most appropriate 
technique can be difficult [1, 2]. Despite the enthusiasm of 
the proponents, many other factors play a part in the choice 
of technique and these can be broadly described as those 
related to the patient, surgeon and individual hospital or a 
country.

We compared LCS, RACS and TaTME/TAMIS using 
the following criteria: (1) number of studies published in 
three time frames (I = within the first 2 years after accept-
ance of the technique; II = during the subsequent 3 years; 

III = 3 years after II, if available); (2) number of involved 
patients; (3) predicted/actual trends. We searched PubMed 
and only included randomized controlled trials, clinical tri-
als, observational, case–control and cohort studies (time 
frames: laparoscopy—I: 1993–1994, II: 1995–1997, III: 
1997–2000; robotically assisted—I: Dec 2004–2006, II: 
2007–2009, III: 2010–2012; transanal proctectomy—I: 
2013–2014, II: 2015–2016). The findings are summarized 
in Figs. 1 and 2. In the early years, the USA contributed 
majority of publications related to LCS, with China con-
tributing at the lower end of the spectrum. By the II time 
frame, there were more contributions from Western Europe, 
Japan and Australia. In the III time frame, there was a nota-
ble increase in reporting on LCS with more contributions 
from the USA and Western Europe as well as the UK and 
Scandinavian countries, in addition to Japan, Australia 
and China. For RACS, in the early time period there were 
a few manuscripts from the USA and Europe. During the 
subsequent time frame, reports from the USA continued to 
increase, whereas there was less reporting from European 
countries with the exception of the UK. There was also more 
reporting of robotic surgery from South Korea, while the 
enthusiasm from Europe was not as strong as that for LCS. 
The USA and South Korea appear to be leading the charge 
in this regard. This begs the question whether this is mainly 
related to the cost of the procedure. The concept of TaTME 
originated in the USA with some individuals promoting the 
technique within Europe. During the II time frame, adop-
tion of TaTME mushroomed to include many continental 
European countries, while adoption of the technique was 
being introduced rapidly in the USA and UK. Figure 2 shows 
the trends of LCS, RACS and TaTME in the different time 
frames. LCS had a gradual but constant increase over time, 
with an expected further increase probably as experience 
was disseminated by training a new generation of surgeons. 
RACS growth was slower during the second time frame, 
but increased considerably during the third, with an almost 
threefold increase. TaTME trend sits between these two, in 
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what might be judged as a desirable projection in the long 
run.

The number of patients treated over time with any 
given technique can always give valuable insight into 

procedure-related complications, outcomes or even insight 
into learning curves. The published literature does not 
always give an accurate reflection of the global adoption of 
the technique as centers with low-volume experience may 

Fig. 1  Heat map of the number of publications over time in laparoscopic colorectal surgery, robotic-assisted colorectal surgery and transanal 
total mesorectal excision/transanal minimally invasive surgery

Fig. 2  Trend over time of publications (squares) with associated esti-
mated projection (dotted lines) and enrolled patients (lines). Numbers 
on the left represent publications, numbers on the right represent 

patients. LCS laparoscopic colorectal surgery, RACS robotic-assisted 
colorectal surgery, TaTME transanal total mesorectal excision
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not necessarily publish their experience. Notwithstanding 
these inherent issues, analyzing globally published data still 
give important insight into a particular procedure and its 
evolution. The number of patients undergoing LCS showed 
a steep increase over time, reaching almost 4500 in the last 
time frame. On the contrary, patients receiving RACS had 
a marginal increase between I and II period, reflecting the 
plateau reached in the different centers that might be justified 
by the high costs and long operative time associated with the 
procedure. Where RACS is concerned, there was a reason-
able increase in the number of patients treated over time 
frame III, but probably the costs associated with the proce-
dure have not allowed the growth seen in LCS. In contrast, 
there has been a marked increase in TaTME procedures, and 
considering that this technique is only applicable to rectal 
diseases, this growth can only be interpreted as quite consid-
erable. This concept can be further supported by the fact that 
national training programs are being developed to ensure 
that there is safe introduction of TaTME across Europe.

One of the most important factors that must be considered 
in novel technologies is the training required to master the 
procedure. We suggest that this goes beyond the “learning 
curve,” specific to each device and procedure, which is desir-
able and represents a valid tool. Besides the overall number 
of procedures performed, other important parameters need 
to be assessed. Foster et al. [4] have recently proposed an 
objective clinical human reliability analysis (OCHRA) to 
assess the proficiency of surgeons performing LCS via video 
recording. Even if promising, it has been suggested that it 
requires further validation and improvement. TaTME pio-
neers faced a high number of complications in their early 
experience, which was mainly due to the learning curve 
associated with adopting a new technique. On this basis, 
a robust pilot training program was implemented and this 
included teaching, video assessment, cadaver courses and 
assessment by a proctor [5]. Those who successfully com-
plete the training are deemed safe to perform the proce-
dure, but the learning curve is yet to be determined. Where 
RACS is concerned, the current certification requires simu-
lator training, dry and wet laboratory experience as well as 
proctoring (https://www.sages.org/publications/guidelines/
consensus-document-robotic-surgery/).

In addition to training and certification, early adopters of 
TaTME established an international registry (http://www.
lorec.nhs.uk/system/content.asp?pkey=23). The use of 
prospective registries should be encouraged to monitor the 
safety and effectiveness of new procedures. For TaTME, it 
fostered the ability to tackle the issues identified by ana-
lyzing data. In this perspective, TaTME advocates have 
mirrored LCS for which an international registry was com-
menced in 1993.

Whichever the technique used, it is important that it is 
carried out in high-volume centers, as surgeons with lower 
caseload are more prone to have postoperative complica-
tions. Keller et al. [6] suggested that lower-volume providers 
were performing the majority of RACS in the USA, resulting 
in increased complications.

While the debate over the quality of specimen and onco-
logical result between the three techniques is still on, there 
appears to be no compelling reason for preferring one tech-
nique over the other in terms of short-term outcomes.

It is likely that these techniques are not really competi-
tors, but rather complementary. Ultimately, it is outcomes 
that matter, and outcomes have been shown to be highly 
operator dependent. Therefore, the more likely scenario is 
that surgeon preference and technique together with budget-
ary constraints will determine the best minimally invasive 
approach rather than one being more superior to the other.
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