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3Training in Robotic Colorectal Surgery

Sofia Esposito, Alice Francescato, and Micaela Piccoli

3.1  Introduction

Robotic surgery represents the greatest revolution in general surgery of the last 
twenty years, and when a new technology is introduced in surgical practice stan-
dardized training becomes of utmost importance. Some of the challenges to young 
surgeons’ training in this field are represented by elevated costs, duty hours, and the 
presence of senior surgeons still going through their learning curve, which may 
limit teaching to residents and junior surgeons [1]. However, in the light of the cur-
rent dissemination of robotic surgery, there will likely be fundamental robotic skills 
requirements to complete general surgery residency, and the need for a structured 
robotic training curriculum has been supported by several associations and program 
directors [2, 3].

Training a robotic colorectal surgeon has two different aspects to be considered: 
learning how to use the platform, and learning procedural skills strictly related to 
colorectal surgery. Considering the trainee’s previous practice is of paramount 
importance to differentiate educational pathways, but institutional experience with 
the platform and case volume should also be weighed, given that the absence of an 
expert surgeon and low program operative volumes could negatively impact on a 
robotics curriculum. Moreover, when assessing the overall costs of training, the 
acquisition of a virtual simulator and robotic dual console should be included. All 
these angles need to be considered prior to creating a structured training program, 
which should present realistic and achievable goals, in order to avoid frustration and 
loss of credibility towards hospital management [4]. Additionally, the ideal robotic 
colorectal surgery training program should provide an objective assessment of 
acquired skills with well-established requirements to proceed from one step to the 
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next, and non-operative robotics skills should also be implemented and evaluated 
[5]. We are training not only console surgeons, but also bedside assistants since cor-
rect trocar positioning and reliable feedback from the operating table are essential 
to the effective and safe completion of a robotic colorectal procedure. Finally, train-
ing should not be limited to robotic novice surgeons, but also extended to trainers, 
as mentors need to adapt to new teaching technologies such as telementoring and 
the use of the robotic dual console [6]. Whether or not specific robotic colorectal 
training should be started during residency or reserved for post-residency fellow-
ships is still debated. In our opinion, surgical residents should be familiar with the 
fundamentals of robotic surgery and should be able to act as table assistants by the 
end of residency, and during the last year of residency they should be able to per-
form low-complexity robotic procedures.

3.2  Learning Curves in Robotic Colorectal Surgery

Establishing learning curves for robotic colorectal procedures has implications on 
training planning and consequently on credentialing [7]. The most reported vari-
ables used to assess learning curves are time-related, but the learning process in 
robotic surgery involves multiple aspects, so a multidimensional analysis could be 
more reliable and should include evaluation of the trainee’s surgical background, 
surgery type, postoperative morbidity, oncological outcomes, and a risk score strati-
fication of cases, since patient selection can heavily impact operative times [8].

There are three phases to the common robotics learning curve: an initial learning 
stage with a rapid decrease in operative time, a second phase with stabilization of 
operative time (plateau or competence phase) and a third phase of mastery, with a 
decrease in operative time [4]. However, some studies reported an increase in con-
sole time during the mastery phase, which was attributed to the fact that the sur-
geons performed more complex cases as they progressed through the learning curve 
[9, 10]. The number of cases required to achieve competence in colorectal surgery 
is extremely variable in the literature. Recently, Nasseri et al. evaluated the learning 
curve of an expert laparoscopic colorectal surgeon by reviewing 111 consecutive 
colorectal procedures and found that the surgeon gained competence after 13 sur-
geries and mastery after 70 [7]. Park et al., in their multidimensional analysis of the 
learning curve for robotic low anterior rectal resection found that competence was 
achieved after 44 cases and mastery after 78 [11]. De Angelis et  al. described a 
16-case learning curve for robotic right colectomy for a surgical fellow with little 
experience in laparoscopic colorectal surgery. The learning curve for laparoscopic 
right colectomy was reported to be 25 cases [12]. Interestingly, a recently published 
systematic review questions the common perception of a shorter learning curve for 
robotic colorectal surgery compared to laparoscopy, claiming that the advantages of 
the robotic platform may result in a better baseline performance in early practice 
rather than a shorter learning curve. The authors found that conversion rates are 
significantly reduced in the early robotic learning curve when they are more com-
mon in laparoscopy. Moreover, all the studies taken under consideration in the 
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review showed at some point a shorter robotic operating time, with a greater time 
advantage in complex tasks such as knot tying in simulation environments or total 
mesorectal excision in clinical practice [13]. When evaluating a trainee’s acquisition 
of a specific surgical technique, experience gained in other types of surgery is often 
neglected, as is operating room staff experience, despite the fact that these aspects 
can also impact learning. Guend et al. analyzed both individual and institutional 
learning curves and reported that the first surgeon who started practice achieved 
competence after 74 cases, but once the program was established other surgeons 
required only 25 to 30 cases to reach proficiency [14].

Another controversial topic is whether previous laparoscopic experience impacts 
the learning curve in a significant way. While many authors agree that limited lapa-
roscopic experience should not discourage from approaching robotic colorectal sur-
gery, especially in high volume centers [15, 16], others support the fact that 
experienced laparoscopic colorectal surgeons may have advantages in terms of 
learning curve. Wong et al., in their analysis of the learning curve of an experienced 
colorectal surgeon (1500 colorectal cases) during his transitioning to robotics, found 
that performance of complex cases early in the learning curve did not impact nega-
tively postoperative outcomes. The authors suggested the adoption of audits on 
patient outcomes to assess the progression of the learning curve. The first audit was 
held with the hospital direction after the first 10 cases, and full accreditation was 
provided only after full review of the results [17].

As can be easily inferred from this quick overview, the published data are often 
difficult to replicate and to compare. Patient selection remains essential, and the 
training pathway should start with less complex cases to optimize outcomes. 
Operative volume, the application of a structured training curriculum, and the pres-
ence of an experienced mentor surgeon inside the institution are all factors with the 
power of shortening the learning curve, along with the choice of a fixed dedicated 
operating room team to improve workflow and communication.

3.3  Current Colorectal Training Programs, Educational 
Tools, and Assessment of Outcomes

A recent systematic review reported broad consensus on the fact that a structured 
robotic colorectal training program should have a modular approach including theo-
retical knowledge, case observation, simulation, and proctored training. All training 
programs reported in the study were designed for the da Vinci platform (Intuitive 
Surgical, Sunnyvale, CA) [18]. Several generic curricula have been developed by 
single institutions and residency programs. The Fundamentals of Robotic Surgery 
(FRS) is a proficiency-based curriculum created by surgery experts from multiple 
specialties that uses basic technical skills to train and assess robotic surgeons [19]. 
If we consider more specifically robotic colorectal training, four structured training 
programs can be identified in the literature: the European Academy of Robotic and 
Colorectal Surgery (EARCS) program, the National Colon and Rectal Surgery 
Robotic training program (CRSRTP) sponsored by the association of Program 

3 Training in Robotic Colorectal Surgery



22

Directors for Colon and Rectal Surgery, the da Vinci Robotic System Intuitive 
Surgical program, and the Colorectal Robotic Surgery Training curriculum estab-
lished by the European Society of Coloproctology (ESCP) [18, 20]. Moreover, a 
recent survey administered to American colorectal surgery program directors 
revealed that most programs have a robotic curriculum [21].

All programs include a theoretical phase along with a simulation phase. The 
CRSRTP mandates scores of >90% for key simulator exercises, and other programs 
have simulator time requirements ranging from 8 to 50  hours [20]. Recently, 
Intuitive is offering the possibility of practicing at the virtual simulator not only 
basic technical skills, but also steps of surgical procedures which include, amongst 
others, right colectomy [22].

Relevant features of colorectal training pathways are proctored cases and the 
component-based approach, which consists of deconstructing the procedure in 
defined and measurable components that could be evaluated more objectively. 
During proctored cases, the presence of the robotic dual console allows the proctor 
to take control of the robotic instruments when needed and to point resection planes 
without interrupting surgical workflow. The ESCP proposed a component-based 
approach for robotic low anterior resection, identifying for each step of the proce-
dure errors and critical errors to help objective assessment. In this way the evalua-
tion is not limited to a volume-outcome correlation, since performing a certain 
procedure an established number of times, does not always guarantee compe-
tency [23].

Objective assessment of outcomes outside the virtual simulation setting remains 
challenging. During the sixth Clinical Robotic Surgery Association (CRSA) con-
gress an expert round table proposed a competence assessment scale for each spe-
cific colorectal procedure [2]; the EARCS too created a Global Assessment Score 
(GAS) form to objectify competence assessment [18, 24]. Lately, there is emerging 
interest in the use of automated performance metrics including kinematic and event 
data, such as instrument vibration, to evaluate robotics competency. The recently 
developed My Intuitive App (Intuitive Surgical, Sunnyvale, CA) gives the surgeon 
the possibility to see minute-by-minute use of instruments per arm, console time, 
operative and non-operative time, and compare the data with national trends; this 
could favorably impact competency evaluation [25]. Moreover, in the near future 
the development of the Internet of Surgical Things and the use of Artificial 
Intelligence could further improve objective assessment of robotic skills.

In 2020 a robotic surgery training curriculum was established in our institution. 
Junior surgeons experienced as table assistants and autonomous in the performance 
of robotic low-complexity procedures, but with limited experience in laparoscopic 
colorectal surgery started their robotic colorectal training from robotic right colec-
tomy, leaving anterior resection as the final step. Senior surgeons, expert in laparo-
scopic colorectal surgery, started their transition to robotics from right colectomy as 
well, but rapidly proceeded to anterior resection. Since the introduction of the 
robotic colorectal program there has been a rapid shift in indications, and currently 
the majority of low anterior resections for rectal cancer in our institution are per-
formed robotically. This – along with the growing evidence of the advantages of the 
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robotic platform in rectal resection [26]  – makes robotic training essential for 
colorectal surgeons. The future generation of colorectal surgeons might have learned 
how to perform rectal anterior resection directly with the robot, without going 
through laparoscopy, as already happened with prostatectomy.
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