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1. Summary

The use of robot-assisted surgery (RAS) has increased significantly since its inception in the early
2000s. However, what constitutes appropriate training is not well understood, and the role of RAS as
an appropriate therapeutic modality remains uncertain. This scoping exercise is a preliminary
investigation to identify exemplar material related to training and clinical evidence across surgical

specialties.

This report aims to inform discussions of the Working Group regarding future targeted formal activity.
Clinical evidence

The searches for clinical evidence were targeted and time-limited, and thus the results represent recent
research interests. There were many clinical studies across most specialties but with the most
commonly reported indications including colon and rectal cancers, pancreatectomy and
pancreatoduodenectomy, radical prostatectomy, radical cystectomy, partial nephrectomy and
hysterectomy. The vast number of indications in the clinical literature show that RAS continues to evolve
and be applied to increasing numbers of procedures. As with other health technologies, RAS is
considered safe and effective based on evidence generated through long-term, patient-relevant

outcomes reported in appropriately designed studies.

RAS appears to enter clinical practice for specific indications without standardised decisions, and no
explicit cross-specialty predictors of safe and effective RAS were identified. Clinical studies are varied
in their type, design, focus and conclusions, with the availability of randomised controlled trials and the
overall maturity of the evidence base varying from one indication to another. While not comprehensive,
these examples provide an insight into the variability of clinical evidence related to RAS and the difficulty
in establishing clinical equivalence or superiority for any surgical approach. RAS research is a
microcosm of surgical research and faces similar limitations, restrictions and biases. For each new

proposed indication of use for RAS, questions to ask before considering it to be usual care may include:

e Is there a clinical rationale and theoretical clinical benefit to using RAS for this indication?

e Is this procedure commonly undertaken internationally?

e Is this procedure commonly undertaken in Australia and Aotearoa New Zealand?

e Is there a standardised surgical technique?

o What is the appropriate trial design, and what are the necessary outcomes?

e Whatis the evidence base and are there any limitations in the available studies? For example,
are there formal trials of safety and efficacy? Is there appropriate study design, follow-up, long-
term safety data and evidence on the use in real-world settings?

e Does the evidence show that RAS is superior or equivalent to current best practice?

e Are there concerns about the use of RAS in this population?

o What are the international decisions regarding this use?

e What is the access to RAS systems for surgeons, trainees, and patients?

e What are the costs of care associated with this use of RAS?
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Training material

In preparing this report, the team did not identify any cross-specialty guidance for RAS use or training

in core curricula. However, training material was available for certain specialties with information

published for the curriculum, training modules and dedicated robotic training centre requirements.

Common themes include the importance of formal, standardised, modular training programs and

information regarding validated training methods and assessment tools. Exemplars from Urology and

General Surgery showed that training material varied widely between specialties and reflects differing

maturity of the use of and clinical evidence for RAS and a reluctance from many specialties in formally

adopting the requirement of RAS training for all surgeons. However, existing validated material could

be used or adapted to inform the needs of the Royal Australasian College of Surgeons (RACS).

Commonly reported components of published training and credentialing activities include:

Develop specialty- and procedure-specific programs, with training undertaken to proficiency
and according to procedure complexity.

Consider the required experience of the trainee or surgeon, including the impact on training
requirements and at what career-point RAS training should be offered.

Use a modular program to improve the learning curve, including electronic learning, simulation
and laboratory models, and a stepped approach defined according to the complexity of parts of
each procedure.

Each curriculum should be based on an existing, validated educational framework and use
validated educational formats (e.g. simulation platforms and other training tools).

Training centres should be accredited.

Mentors should be experienced, high-volume surgeons with proven educational skills.

Each procedure should have evidence-based predefined learning curves (number of cases)
and quality indicators (technical, functional, oncological).

Independent examiners (assessors) are required and should use validated evaluation and
assessment tools.

Lists of surgeons who have been accredited or credentialed to undertake RAS should be
published. Consider publishing a list of approved RAS trainers or mentors.

There should be centralised data collection and publication of outcomes.

All elements of training and credentialing should be standardised for consistency.

There should be systematic evaluation of training activities and publication of education

outcomes.

Possible future activities

Expand or adapt identified RAS training guidelines to create standardised RACS RAS training
materials and requirements. These will allow the creation of specialty-specific guidelines.

Develop methods to identify procedures for clinically appropriate use of RAS or minimum
thresholds for RAS use. Suggestions include surgeons, surgical craft groups or societies to
nominate indications for RAS use that they believe have become common practice, and for
decisions to be informed using best-practice evidence-based methods in line with existing
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RACS guidelines. Methods can be based on existing frameworks and activities of appropriate
study design and outcomes reporting.

Develop a consensus statement to summarise the minimum requirements for RAS and critical
aspects of RAS training and credentialing.

Undertake ongoing monitoring of novel RAS systems and indications to determine whether
RAS training guidelines require amending.

Reviews of clinical evidence are not recommended as these would be time-consuming.
However, indication-specific reviews of clinical effectiveness should be considered if significant
concerns are raised regarding specific procedures or outcomes (e.g. systematic audit of
outcomes).

Undertake research to identify the current uses of RAS in Australia and Aotearoa New Zealand.

All the material produced from these activities will be endorsed by RACS as the peak body.
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2. Introduction

Robot-assisted surgery (RAS) has been available in Australia since 2003 with the use of the da Vinci
system (Intuitive Surgical) for prostate cancer.’ This system is available as a multi-port (da Vinci Xi
system) or single-port (SP system). In addition, numerous dedicated machines are available for
orthopaedics: for spine surgery (Mazor [Medtronic], ROSA [MedTech Surgical] and Excelsius GPS
[Globus Medical])? and knee arthroplasty (Mako [Stryker], NAVIO Surgical System [Smith & Nephew],
OMNIBot [Corin Group]). Additional machines will soon become available. For example, the Senhance
Surgical System, Versius (CMR Surgical), CorPath (Corindus), Hugo RAS (Medtronic), Auris Health
and Verb Surgical (a collaboration between Johnson & Johnson and Google). Internationally, the use

of RAS is rapidly diffusing across a broad range of common general surgical procedures.>

These systems aim to provide a safer and more effective RAS platform for patients and surgeons.
Although they are a novel technology, surgical robot systems are tools used to provide existing services,
and they have entered clinical practice without an agreed formal framework of adoption. In Australia
and Aotearoa New Zealand, there are no established curricula for RAS training, which is mainly
overseen by the RAS system manufacturers and vendors.* With robotic systems becoming more
common, there is a need to consider using these technologies further and to develop appropriate
curricula for surgeon training and assessment to minimise the impact of learning curves on patient

outcomes.5®

In 2020, RACS participated in a national workshop to review aspects of RAS in Australia, including data
collection and characteristics of training and credentialing. These discussions highlighted uncertainties
regarding RAS in Australia and Aotearoa New Zealand:

e RAS has entered surgical practice with no standardised training and credentialing, and the
satisfactory training and credentialing requirements are unclear.

e RAS can be applied to a wide range of procedures. However, the clinical outcomes of RAS are
unclear. As a result, it is uncertain which procedures RAS can be considered an option for
standard care.

3. Objectives

This scoping exercise is a preliminary investigation to identify exemplar publicly available material
related to training and clinical evidence across surgical specialties. This draft report aims to inform
discussions of the Working Group regarding future targeted formal activity. The questions considered

in this exercise were:

¢ Inrecent years, which surgical specialities have adopted RAS and for what indications?
o What is the clinical evidence for common uses of RAS?
o What is the clinical evidence for an exemplar of less-common uses of RAS?
o What are the elements of a mature evidence base for RAS?

¢ Are training materials available for RAS?

o What is an exemplar of a validated, high-quality RAS curriculum?
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o Whatis an exemplar of a less-standardised RAS curriculum?
o What are the main components of validated training and credentialing activities for
RAS?

A formal investigation of the effectiveness, safety and cost effectiveness’ of RAS is not within the scope

of this report.

4. Scoping methods

This report provides an initial overview of RAS summarised by volume and type of publication by
surgical specialty. A systematic, iterative, mixed-methods approach was taken with searches targeted

to specified websites and defined search terms.
4.1. PubMed

Literature searches were date-limited from 1 January 2016 to 26 November 2021. Study identification
was iterative, with publications grouped by procedure or indication, as identified from the title and
abstract. In addition, systematic reviews, randomised controlled trials (RCTs) and studies related to
training and credentialing were categorised in EndNote according to the surgical specialty by training

or clinical data by indication or procedure.

A narrative, thematic approach was taken to summarise the evidence. There was no formal evidence

appraisal, data extraction or interpretation.
4.2. Website searches of colleges, societies and associations

The Google advanced search engine was used to search selected college and specialty society

websites.

A description of the methods is provided in Appendix A.

5. Results

From a total of 10,004 references identified in PubMed since 2016, 1,298 studies were identified related

to RAS for training or clinical evidence across all surgical specialties (Appendix C, Table 3):

e 996 clinical studies (systematic review, RCT, other comparative or other clinical study types
[case series/observational or case report])

e 302 studies on a variety of topics related to training and credentialing

6. Results: Clinical studies

The largest number of clinical studies was from Urology (300 studies), followed by General Surgery
(291) (Table 4, Table 8). There were no reported clinical studies for Plastic and Reconstructive Surgery
or Ophthalmology. The da Vinci machine was the most common RAS system. These results are further

described in Appendix C.
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Across all specialties, there were 78 indications or procedures for which published evidence for RAS
was identified (see Appendix C). RAS was used across the greatest number of procedures for General
Surgery (23 procedures or indications). Common indications were colon and rectal cancers,
pancreatectomy and pancreatoduodenectomy. Other commonly reported procedures for RAS were
radical prostatectomy and hysterectomy.

Systematic reviews and RCTs were available for most specialties. RAS was variously compared with
alternative procedures, including open or laparoscopic approaches. However, the utility of these higher
levels of evidence is limited. Systematic reviews commonly included a range of publication types (that
were not restricted to RCTs), limiting their conclusions' certainty. In addition, the scope of many studies
was technical, with analyses of different approaches such as comparisons of varying RAS techniques,
comparisons of various analgesia and reviews of short-term outcomes such as intraoperative
complications. For more established RAS procedures such as radical prostatectomy and knee and hip
arthroplasty, few studies compared RAS with alternative surgical approaches as such evidence was
likely published before 2016.

Due to a large number of indications, robot-assisted radical prostatectomy and robot-assisted gastric

surgery were selected as exemplars to indicate the available evidence related to RAS.
6.1. Clinical study focus: Urology | radical prostatectomy

The most common use of RAS in Australia is in the specialty of Urology, with 65% of all radical
prostatectomies performed in 2019 with the assistance of the da Vinci robot system®. There is a
significant clinical body of evidence for the use of RAS in this surgical specialty, particularly for radical
prostatectomy, with 153 studies identified in total, including 41 systematic reviews and 62 RCTs (Table
4).

NICE has recognised robotic-assisted radical prostatectomy (RARP) as an option for treating localised
prostate cancer.® Several systematic reviews, including three recent Cochrane reviews, investigated a
range of aspects of RAS for radical prostatectomy. The results and methods of these reviews varied

widely.

A 2017 Cochrane review found that RAS or laparoscopic surgery was similar to open surgery for quality
of life, complications and pain.'® Evidence was from two RCTs for short-term outcomes. Long-term
prostate-cancer-specific survival data were not available. Another review compared RALP with (open)
retropubic radical prostatectomy in the same year. This review included 78 articles and concluded that
RALP was safe and effective."” A 2018 network-meta-analysis of 45 studies concluded that open,
laparoscopic and RALP had similar outcomes.'> Pooled outcomes of 20 observational studies
undertaken in 2017 showed satisfactory biochemical recurrence-free survival for RALP at 5 and 10
years.”® A 2017 systematic review of 18 comparative studies concluded that RARP was superior to

laparoscopic prostatectomy, including biochemical recurrence.'™

Different RAS techniques have been analysed. The Retzius-sparing technique was compared with
standard RALP to treat clinically localised prostate cancer in a separate Cochrane review.'® The results

were similar or improved for the Retzius-sparing approach from five trials, although there may be higher
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positive margin rates. There were no long-term outcomes. A Cochrane review of posterior
musculofascial reconstruction RALP found that compared with standard RALP, early continence, but
not later outcomes, were improved across eight RCTs.'® Adverse events and surgical margins were

similar.

Recent RCTs provide evidence on longer-term outcomes of RAS compared with open or laparoscopic

approaches.'”-1?
Systematic reviews also investigated:

e outcomes of the single-port RAS compared to the standard multi-port da Vinci system, with
similar outcomes shown?°

e use of intraoperative fluorescence?’

e impact of the Trendelenburg position??

e costs and economic impact®3 24

e impact of various postoperative urine drainage?® %

e anatomical reconstruction?’

e postoperative management techniques?® 2°

e analgesia®.
6.2. Clinical study focus: General Surgery | gastric surgery

The relatively large evidence base for General Surgery (291 studies) is spread across many indications
(Table 8). For gastric surgery as an exemplar, there were 36 studies including 20 systematic reviews
and four RCTs.

The European Association of Endoscopic Surgeons states that ‘robotic gastric resection has
comparable clinical outcomes to standard laparoscopic gastrectomy for cancer. It may reduce
intraoperative blood loss and postoperative length of stay as compared with laparoscopic gastrectomy,
but is associated with longer operative time and higher cost.®' In terms of cost effectiveness, the
authors state that robotic General Surgery is more expensive than conventional laparoscopic surgery

with comparable clinical outcomes.

Twenty systematic reviews were identified for gastrectomy, most of which compared RAS with

laparoscopic or open surgery. The most recent examples are briefly summarised below.

Compared with laparoscopy, RAS has increased operative time and lower blood loss. Other reported
short-term outcomes (e.g. adverse events, retrieved lymph nodes, proximal resection margin and distal
resection margin) are similar.3>3® Cancer recurrence is not commonly reported, although a small
number of studies conclude that there is no difference in recurrence-free survival.®® 3 The length of
follow-up time was not reported. Therefore, this statement's adequacy is unclear.®® 3 A recent
systematic review concluded that the quality of studies was low,*3, with all 15 included studies from the

most recent review being of a non-randomised design.%®
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Compared with open surgery, RAS was reported to be associated with longer operation time, lower
blood loss and shorter hospital stay.3® Other reported outcomes including cancer outcomes were

similar.

Recent RCTs report short-term outcomes of RAS compared to laparoscopic or open approaches.3%4!

One RCT compared different types of analgesia.*?

Compared to radical prostatectomy, the evidence base for RAS in gastrectomy is less mature. There
are few RCTs, and long-term cancer-relevant outcomes are rarely reported. Clinical trials are still

focused on the feasibility and absolute safety and effectiveness of RAS for this indication.
6.3. Summary of clinical evidence

Based on this high-level overview of identified studies, the clinical evidence related to RAS is highly

varied:

e Most published clinical evidence is for the da Vinci surgical system.
e Clinical trials address many questions. For example, many RCTs and systematic reviews
compare different RAS techniques.
e Most key RCTs for recognised uses of RAS were published before 2016.
o Observational studies or retrospective database analyses are more likely to report long-term
outcomes.
e Rare conditions or less mature uses of RAS are less likely to have RCT evidence available.
e Systematic reviews commonly include studies other than RCT design.
e The scope of studies is varied. For example, across the PICO (Population, Intervention,
Comparator, Outcomes):
o Population: Broad or focused
o Intervention: Different systems, more than one RAS approach
o Comparator: Open, laparoscopic or an alternative RAS approach. Defining the current
surgical standard of care in Australia and Aotearoa New Zealand would need to be
confirmed
o The reported outcomes vary and may be short-term (e.g. perioperative complications)
or long-term cancer markers.
e The quality of the systematic reviews varies; this would impact study selection, quality

assessment of the included studies and data synthesis.

As a result of the above, the interpretation and conclusions of systematic reviews vary widely.
Therefore, a formal approach for each procedure is recommended to frame questions in line with local

surgical activities and provide explicit findings on the clinical safety and effectiveness of RAS.

It should be noted that significant heterogeneity between surgeons remains in functional and
oncological outcomes for RAS, with some differences in outcomes explained by differences in surgeon
volume.*3 However, high-volume surgeries are associated with improved patient radical prostatectomy

outcomes, including RARP.#4
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In the literature, the quality use of RAS is determined with long-term retrospective observational studies
or database reviews of relevant clinical outcomes for specific indications.*® 46 No formal predictor of or
threshold for safe and effective RAS use was identified in this scoping exercise. The conclusions of
recent systematic reviews for RARP, a common use of RAS, were varied, suggesting that the
interpretation of the evidence base is inconsistent, and the uptake of RAS is likely informed by a range
of factors beyond the evidence of clinical superiority. At present, surgeons can largely use robotic
surgery for any procedure at their professional discretion.® In the United Kingdom, NHS England has

recommended RAS for radical prostatectomies and treatment of early-stage kidney cancer.*

RAS appears to enter clinical practice for specific indications without standardised decisions. There is
no published information regarding the indications for which RAS is commonly used in Australia and
Aotearoa New Zealand. These decisions are likely made at the hospital or local health network level, in
line with usual practice. Factors involved in these decisions may include the availability of the robot
system, the experience and enthusiasm of surgeons, and patient and hospital interest. These decisions

likely try to balance surgical innovation with evidence-based medicine.*

The use of RAS should be considered in line with the adoption of any other new technology for use in
a novel indication or patient population and should show that its application is equivalent or superior to
existing best practice for any given use. General guidelines for assessing, approving and introducing
new surgical procedures into a hospital or health service are published by RACS and could be further
developed for RAS.*° From a health technology assessment perspective, formal thresholds are rarely
applied, but decision-making includes the consideration and availability of appropriately designed
studies with:

o well-defined populations and sufficient number of patients recruited to show evidence of an
effect

e astandardised technique for RAS, established through observational trials

o if possible, a prospective comparator that represents current best practice in the absence of
RAS (e.g. open or laparoscopic surgery)

e patient-relevant outcomes (e.g. oncological), with appropriate long-term follow-up in line with
disease progression

e equivalence (at a minimum) to current best practice and ideally identifying a material benefit of
RAS compared to current best practice.

The relevance of the evidence to local practice should be clearly articulated. In the absence of a clinical

benefit, the costs of providing RAS should be considered.*

The appropriate design and reporting of studies for RAS can be informed by existing research, including
the framework provided by the Idea, Development, Exploration, Assessment and Long-term follow-up
(IDEAL) Collaboration.®®

In order to avoid bias, the evidence should be assessed using best-practice health technology
assessment. Based on the variability in the clinical use of RAS across the surgical specialties
internationally and across Australia and Aotearoa New Zealand, specific thresholds for the accepted

use of RAS in each specialty and for each procedure should be determined based on an understanding
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of the broader evidence base for best practice. RACS could provide guidance on relevant outcomes
across all procedures and specialties, based on existing activities such as the standardised core
outcome sets that have been developed by the Core Outcome Measures in Effectiveness Trials
(COMET) Initiative.5'-%%

In the absence of high-quality evidence, some jurisdictions approve certain technologies on an interim
basis. Local data collection is then able to inform a long-term decision. This process may be relevant

for some uses of RAS where evidence is uncertain.

For each new proposed indication of use for RAS, questions to ask before considering it to be usual

care may include:®

e s there a clinical rationale and theoretical clinical benefit to using RAS for this indication?3

e |s this procedure commonly undertaken internationally?

e |s this procedure commonly undertaken in Australia and Aotearoa New Zealand?

e Is there a standardised surgical technique?

e Whatis the appropriate trial design, and what are the necessary outcomes?

e Whatis the evidence base and are there any limitations in the available studies? For example,
are there formal trials of safety and efficacy? Is there appropriate study design, follow-up, long-
term safety data and evidence on the use in real-world settings?

e Does the evidence show that RAS is superior or equivalent to current best practice?

e Are there concerns about the use of RAS in this population (e.g. breast cancer)?%

o What are the international decisions regarding this use?

o Whatis the access to RAS systems for surgeons, trainees, and patients?

e What are the costs of care associated with this use of RAS?

If required, the development of methods to determine predictors of the safe and effective use of RAS

could be undertaken as part of the next steps.

7. Results: Training and credentialing

In the PubMed searches, there were 302 studies on a variety of topics related to training and
credentialing, with most publications in the specialties of General Surgery (61) and Urology (56) (Table
3).

A range of materials were identified on surgical websites (Appendix B). In Australia and Aotearoa New
Zealand, while RAS is widely acknowledged in conference programs, advertisements for Fellowship
positions and Morbidity Audit and Logbook Tool (MALT) procedure codes,®” information on RAS use in
Australia and Aotearoa New Zealand is limited. Workgroups are established for RAS and related
broader future issues, but their activities are not publicised.% % The Royal Australian and New Zealand
College of Obstetricians and Gynaecologists provides some information on RAS, including a position

statement (Appendix B).60-62

There is relatively little cross-specialty information on RAS from international colleges and societies.

The available information appears conflicting, as RAS is considered an example of innovative
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technology®3%¢ and included in curriculum programs.®” ® There is concern that much of the formal

training to date is provided directly by the manufacturer and product vendor.* 3

For this scoping exercise, 5 surgical specialties were investigated in more detail. A summary of the
information identified for obstetrics and gynaecology, Otolaryngology Head and Neck Surgery, and
Orthopaedic Surgery is provided in Appendix B. Urology and General Surgery are used as exemplars
and described below.

7.1. Validated RAS training: Urology

Sixteen publications were identified through web searches relating to training and credentialing for RAS
in Urology, and an additional 56 studies were identified through PubMed (Table 3).

With the growing use of RAS in Urology, there has also been an increase in training options, modules
and curricula.®® The appropriate balance between training for open and RAS techniques is not
understood.”® Current approaches to RAS training appear ad hoc, and a standardised curriculum to
train surgeons has been advocated.> !

European Association of Urology Robotic Urology Section curriculum

The Robotic Urology Section (ERUS) is responsible for all robotic urological surgery in the European
Association of Urology (EAU)"? and has published its structured curriculum for RAS.573 As taken from
its website, this ‘curriculum includes theoretical sessions, skills training (dry and wet laboratories), real-
case observation in a training centre, bedside assistance, and mentored training at the console.
Participants will follow a modular training program at a recognised host centre under the expert
guidance of a local mentor.”. ERUS publishes a list of certified host centres, including two in
Australia.™

Focus groups at EAU and ERUS conferences participated in discussions to develop the content and

implementation of a standardised curriculum (Figure 1).
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Figure 1 Proposed curriculum of the European Association of Urology Robotic Urology
Section, taken from Ahmed et al 2015°

Key components of the curriculum include:®

technical and non-technical skills; non-technical skills include knowledge of the robot, decision-
making and clinical judgement, patient selection and preoperative preparation, teamwork and
communication

online theoretical training and examination to ensure a sound knowledge of console and
procedure theory, such as the Intuitive Surgical online training system or the urology-specific
online modules from the EAU, eBRUS™®

‘discovery course’ simulation training and case observations (3 days); a range of simulators are
available, the most common being the dVSS simulator, which can be attached to the back of
the da Vinci console;”>7° validated simulators should be used in the training curriculum?’®

a formal training course (five days) with dry and wet laboratory sessions and live surgery
observation, acknowledging that live animal training is not available in all countries”

a structured fellowship program (six months) that includes the transition from observation to
assistance in the surgical procedure to performing segments of a procedure before undertaking
a whole procedure using modular training and a dual console; modular training pathways
require the trainee to progressively develop skills for each procedure segment before
attempting the entire procedure;”® modular training refers to progression through surgical steps
of increasing difficulty, moving onto more advanced steps once competence has been attained
in more straightforward ones®

training centres and fellowship schemes at high-volume centres; these may require
accreditation to ensure minimum standards are met;”® 8! in addition, a team approach should
be used for training purposes °

assessment of trainee performance using standardised methods, procedure-specific checklists,
videos and anonymous experts, after which the trainee is approved through appropriate
governing bodies; certification should be from accredited, regional training centres; it is good

practice for trainees to log all stages of the training pathway.”®

The learning curve to proficiency is recognised.®? Theoretical and practical courses?® 8 are available to

support this curriculum. Centres can apply to become an EAU Robotic Training Centre.??

This standardised Urology curriculum has been adopted for specific societies and procedures.

British Association of Urological Surgeons curriculum

A detailed example of a Urology curriculum based on the ERUS program is provided by the British

Association of Urological Surgeons (BAUS).”®

While the General Medical Council Urology curriculum® mentions that knowledge is required of robot-

assisted surgery skills, BAUS has developed a recommended curriculum for RAS training’®. A five-

stage curriculum for robotic training is proposed based mainly on the content validated model proposed

by the EAU Robotic Urology Section, ERUS. This curriculum describes the skills required, discusses
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current training methods for robotic surgery, and establishes procedures for modular training and
centralised clinical data collection. BAUS also provides system advice regarding developing robotic-
assisted radical prostatectomy®, including the current and future need for robotic prostatectomy, and
poses questions that should be considered before implementation. It notes that while RAS for localised
prostate cancer is an established therapy, there may be benefits to concentrating the service in fewer

centres and in the hands of fewer surgeons. A detailed patient information leaflet is available®”.

An overview of the curriculum is shown in Figure 2.
1. E-Learning
2. Observation of procedures
3. Simulation Based Training

4. Mentorship/Fellowship

5. Sign Off

Figure 2 Outline of the British Association of Urological Surgeons (BAUS) standardised
training pathway, taken from the BAUS robotic surgery curriculum — Guidelines for Training’®

In line with a modular approach based on the complexity or technical demand, BAUS recommends a

stepped approach to training. For example, the steps for pelvic urological surgery are:

e robot-assisted radical prostatectomy (RARP)
e robot-assisted radical cystectomy (RARC) with extracorporeal diversion

e robot-assisted radical cystectomy (RARC) with intracorporal diversion or neo-bladder.

Modular pathways are provided for each procedure, divided into separate segments for training
purposes, based on the complexity of each task. The curriculum notes that the training requirements
will vary depending on the surgeon's previous experience with open or laparoscopic techniques. BAUS
recognises that the training is ‘is highly dependent on a competent mentor who is required to be skilled

and experienced in the procedure and must be able to teach these skills effectively’.

In line with the varying complexity and differences in learning curves, BAUS recommends specific
metrics for sign-off for defined procedures. For example, for RARP the learning curve is 50-200 cases;
quality indicators are operating time <240 minutes; estimated blood loss <200 ml, prostate-specific
antigen >95%; positive surgical margin <25%; complication rate <15%.

The curriculum acknowledges that the RAS training pathway will differ between specialists with
extensive previous experience of open and/or laparoscopic surgery, and trainees who are new to any
form of urological procedures including open, laparoscopic and robotic surgery. However, explicit

differences in training are not provided.
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BAUS recommends the national coordination of data collection related to robotic surgery to proactively

audit patient outcomes, inform surgeons and maintain services.

ERUS robot-assisted radical prostatectomy curriculum
A specific curriculum has been designed for RARP, with a target audience of fellows with minimal or no

previous experience of simulation-based training.2®

The key components of the curriculum are shown in Figure 3 and include: (1) e-learning and observed
and assisted in live surgery for three weeks, (2) an intensive week of structured, simulation-based
training (virtual reality synthetic, animal and cadaveric platforms, and (3) supervised modular training in
RARP, with each distinct surgical step described in terms of complexity. The full RARP procedure was
assessed by mentors and video-recorded for evaluation by blind assessors. The critical steps to RARP
training for the modular pathway and the associated RARP Assessment Score have been separately
validated.®® The design of the modular training and sequence of procedural steps is based on technical

complexity and was established through an observational study.®°

The curriculum was validated (10 participants) using a range of metrics. Technical skills were assessed
by the da Vinci surgical system for moving the camera and clutching, manipulating the EndoWrist, use
of energy and dissection, and needle driving. The surgical performance was graded and scored using
the validated Global Evaluative Assessment of Robotic Skills (GEARS) score and a RARP procedure-

specific scoring scale.

During the validation, participants observed and assisted in at least 12 cases during the first three weeks
and were involved in a median of 18 RARPs as console surgeons during the modular training. At the
end of the curriculum, eight out of 10 Fellows were deemed able by their mentors to perform a RARP
independently, safely and effectively. Average procedure scores of experts familiar with RARP were

higher than course participants (mean score for all steps 13.6 vs 11).

Figure 3 Structure of the European Association of Urology Robotic Training Curriculum,
taken from Volpe et al 201588
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Initial results of the application of the ERUS RARP curriculum have been reported.® ®' Although single-
surgeon retrospective analyses, these studies show that the curriculum is a safe and effective training
program with early oncological and functional outcomes consistent with published standards. Reported

outcomes included complications, positive surgical margin and continence rates.

ERUS robot-assisted partial nephrectomy curriculum
A ERUS partial nephrectomy curriculum has been developed based on the structure of the RARP
curriculum. Thirty experts in robotic-assisted partial nephrectomy (RAPN) were involved in its

production using a modified Delphi consensus methodology.”’

The structure of the curriculum is described in Figure 4. Clinical training was provided at an ERUS host
centre for 18 months under the mentorship of an experienced RAPN surgeon. As for the RARP
curriculum, the module was divided into a number of steps based on the complexity of each part of the
surgery.

| THEORETICAL TRAINING |

[ E-learning module ] [ Case observation ]

| PRECLINICAL SIMULATION-BASED TRAINING |

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5
Training facility Training facility Training facility Host Centre Training facility
. " Synthetic or Basic animal Advanced
Virtual reall RAPN N
Simuiaton” harvesied model \-{ observation animal mode
Dry-lab Nontechnical
simulation skills
| CLINICAL MODULAR TRAINING |
‘ MODULE | [ MODULE Il ‘ MODULE Il ‘ MODULE IV ‘ MODULE V
STEP 1 STEP 2 STEP 6 STEP 7
Trocar placement N i STEP 3
and specimen mobiization and decampneg Hilum control Hodkd
STEP 10 STEP 4 STEP9 STEPS STEP 8
Gerota fascia Gerota fascia Outer US.:“" and Inner
closure opening renorrhaphy demarcation renorrhaphy
| FINAL EVALUATION |
[ Full case completion and blind expert-based review ]
Abbreviations
RAPN = robot-assisted partial nephrectomy, US = ultrasound
Figure 4 Structure of the European Association of Urology Robotic Urology Section

curriculum for robot-assisted partial nephrectomy, taken from Larcher et al 2019

Validated with one course participant, the results of 40 patients following curriculum training were

compared to 160 patients from an expert surgeon. Safety outcomes included complications, estimated
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blood loss, operative time, estimated glomerular filtration rate and positive surgical margins. There were
no differences between the trainee and the expert regarding safety outcomes. Curriculum efficacy was

investigated using descriptive analysis of steps and modules attempted and completed by the trainee.

Other training and credentialing programs
Other activities related to training in RAS were identified, although there were no published programs

or curricula.

The American Urological Association (AUA) has a dedicated Laparoscopic, Robotic and New Surgical
Technologies Education Council Subcommittee whose mission is to evaluate, analyse and disseminate
skills, surgical simulation and skills assessment to the urological community.®? In addition, the minimal
requirements for granting RAS privileges for Urology surgery is published in the Robotic Surgery
(Urologic) Surgery Standard Operating Procedure (SOP) SOP?%, and guidance on the use of robotics

in Urology is provided.%* %

The Royal College of Physicians and Surgeons of Canada has high-level information related to training,
including logbook requirements,®® Urology competencies and a list of procedures where RAS or
laparoscopic surgery are applied,’” as well as a suggestion for online training in RAS as an optional

part of the core discipline.®

Individual components of these training programs for RAS in urologic surgery have been assessed and

validated separately.%

Peer-reviewed literature

Other themes identified in the peer-reviewed literature for Urology training include:

e validated, procedure-specific metrics for assessment, grading and evaluation of surgical
performance, %1% including the use of machine learning'°®

e benefits of a structured or modular curriculum?®® 107 108

e impact of surgeon heterogeneity*3

e ergonomics'®

e standardised criteria for reporting adverse events '"°

e development of validated mentoring programs to formalise technical aspects of clinical
training"""

e variability in structure, requirements and availability of training programs and certification''? 113

e training and checklist for conversion from RAS to open surgery''

e development and validation of simulation, laboratory, cadaver or virtual-reality training models
for specific procedures or techniques, including skills transfer.”! 70 115122

The components identified from the described training materials are summarised in Table 2.
7.2. Other examples of training: General Surgery and gastric surgery

General Surgery is used as an alternative example, as it is distinct in its training needs compared with
Urology.* Compared to Urology, the uptake of RAS in General Surgery has been slower and less

structured.?’
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No training material was identified for gastric surgery.

Examples of locally-developed Australian structured training programs for General Surgery and
colorectal surgery are summarised in Table 1.# 123 High-level examples of other international curricula
are also available for General Surgery which include themes similar to the above, although little detail

is provided. 24128

It should be noted that these training materials do not appear to be validated or adopted for formal

accreditation in any jurisdiction.

No formal training curricula were identified from specialty societies. However, there were many
examples of robot surgery as part of conference proceedings, workshops or training courses and
advertisements for fellowship positions. The UK General Medical Council Intercollegiate Surgical

Curriculum for General Surgery (updated in 2018) does not mention robot-assisted surgery.'?®

The European Association for Endoscopic Surgery recognises that there have been delays in
developing certified training for RAS. It has a consensus statement on the use of RAS in General
Surgery, which includes discussion regarding RAS training and curriculum®'. The Fundamentals of
Robotic Surgery (FRS) program is used as an example. The authors provide statements on a range of
clinical applications but note that most reported clinical evidence does not include data about the level

of proficiency of the surgeons reporting their experience with robot-assisted surgery.

The European Society of Surgical Oncology mentions RAS in its core curriculum, but no detail is
provided'. RAS is included only as a treatment for prostate cancer. In a 2020 report, RAS is mentioned

as a surgical innovation rather than as part of standard care''.

Other themes investigated in peer-reviewed publications related to RAS training and credentialing

include:

e training for trainers'32 133

e benefits of a modular approach34-13¢

e assessment and evaluation'7-141

« different training methods, including dual consoles and models 42146
e transferability of skills from laparoscopy to RAS™’

e ergonomics'8 149

e learning curve.%-152

Summary of training and credentialing

In summary, although the searches for this exercise were not comprehensive, it is clear from the
identified material that Urology training is mature compared with General Surgery. However, there were
no identified validated programs for General Surgery, which may reflect a reluctance from General
Surgery subspecialties to embrace RAS as a required component of surgical training for all trainees
and fellows, or that RAS in General Surgery is not universally regarded as an alternative standard of

care.
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An outline of the main steps and components of the curricula described above is shown in Table 1. This

is based on the BAUS urological surgeons’ curriculum,’® supplemented with other references.

Table 1 Components of identified training curricula

Step Comment Urology General Surgery

575
Assessment

Use of validated simulation platforms | 5717588

Dry laboratory, simulation

. In high-volume centres mnses 123
Observation g

7588
Procedure-specific theoretical training

ision- i 7
Non-technical skills Decision-making and emergency

scenario

Live animal or cadaver trainin 5717588 4123
Wet laboratory 9

Of technical and non-technical skills | 5758088 123

Assessment and certfication | o 1 "GEARS and NOTSS, theoretical

examinationi

75 4123
Observation
75 4123
Assistance in the surgical procedure
75
Performing part of the procedure with dual
console and monitor
75 4
Performing full procedure with dual console
and monitor
7582 4
Establish appropriate learning curve
(number of cases) and quality indicators
(technical, functional, oncological) for each
procedure
i i 71758088
Establish modular pathways, with To progressively develop skils
components of each procedure defined
according to complexity
Using independent examiners 571758088 4123

Assessment and sign-off

Abbreviations
GEARS = Global Evaluative Assessment of Robotic Skills, NOTSS = Non-Technical Skills for Surgeons

The themes identified in this scoping report are summarised in Table 2. Individual components of
training, or trainee characteristics that predict improved outcomes from undertaking the RAS curricula,

were not identified. Not all participants who complete these courses will be considered to have passed®.

A small number of curricula and components of these courses have been validated. Commonly reported

components of published training and credentialing activities include:
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All elements of training and credentialing should be standardised for consistency.

Develop specialty- and procedure-specific programs, with training undertaken to proficiency
and according to procedure complexity.

Consider the required experience of the trainee or surgeon, including the impact on training
requirements and at what career-point RAS training should be offered.

Use a modular program to improve the learning curve, including electronic learning, simulation
and laboratory models, and a stepped approach defined according to the complexity of parts of
each procedure.

Each curriculum should be based on an existing, validated educational framework and use
validated components (e.g. simulation platforms and other training tools).

Training centres should be accredited.

Mentors should be experienced, high-volume surgeons with proven educational skills.

Each procedure should have evidence-based predefined learning curves (number of cases)
and quality indicators (technical, functional, oncological).

Validated evaluation and assessment tools and independent examiners should be used.

Lists of surgeons who have been accredited or credentialed to undertake RAS should be
published. Consider publishing a list of approved RAS trainers or mentors.

There should be centralised data collection and publication of outcomes.

There should be systematic evaluation of training activities and publication of educational

outcomes.

Table 2 Broad themes

Theme

Example supporting
references

|_High-level advice

Have a dedicated RAS association or committee

7292

Provide advice for which procedures RAS is an established therapy

3186

Provide clarity on the patients, indications and procedures for which RAS is appropriate

3175

Consider the demand for therapy

86

Consider future models of care for all types of surgery

86

Publish a consensus statement on the use of RAS as a guidance document

31

Availability of training curricula

Define the minimum requirements for credentialing

93

Ensure that all training is standardised and validated

57588

Ensure that all components of the training program are validated

75123

Provide a basic surgical training curriculum for RAS fundamentals

4316797

specific procedures (see Table 1)

Provide a specialty-specific training curriculum specifically for RAS including a formal curriculum for

453173759394

technical complexity (see Table 1)

Provide structured, modular courses to support the curriculum requirements based on each procedure and

4531758384

Tuniin ba A nuafiniamair atissiaiihima At A Hiaaa hanad Adieeiacilioaa

RACS — Robot-assisted surgery: Scoping report

31




Ensure the use of appropriate training methods (e.g. simulation-based training)

Theme Example supporting

references

X . . . X . . 75

Consider training requirements for novice (no experience in any form of surgical procedure) and
experienced (familiar with specialty-specific open and/or laparoscopic procedures) surgeons

53175
Ensure that training includes technical and non-technical skills

31
Provide a proctoring/clinical monitoring period

7585 86
Dedicated training/host centres

7175
Mentoring and training in high-volume centres

75
Accreditation of training centres to ensure minimal standards are met

75
Ensure that training centres have access to the required training facilities and expert trainers with proven
educational skills

7598 153

Ensure the use of validated tools for evaluation and assessment

75

Team trainini for all assistants

3175

Ensure that training activities are appropriately logged

7596

Certification

Centralise RAS activities to high-volume centres

31

75

Be explicit on the learning curve, volume-outcome relationships

7582

Publish the names of surgeons who have been accredited to use RAS

154

Maintain and support skills, continuing education (e.g. describe the surgical technique)

93-95 153

Ensure equitable patient access to RAS

86

Inform the patient of RAS

87

Have criteria for selecting patients suitable for RAS

86

Inform surgeons of changes to RAS (software, artificial intelligence, updates to hardware, new systems,
changes in regulation, new indications for use)

Collect and publish centralised administrative and defined clinical data to ensure that RAS use is as
expected and to ensure good patient outcomes

7586

Consider surgeon heterogeneity

43
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8. Discussion

Internationally, there is currently no cross-specialty guidance for RAS use or training or credentialing.
While international colleges recognise RAS as an innovative technology, training for RAS is included in
curricula for many surgical specialties worldwide, although few training programs were identified. In
addition, there are specialty societies, associations and working groups with a specific focus on RAS,
but their activities are often uncertain. Practical aspects of RAS include access to machines for training
or practice and concerns regarding novel predicate systems that are available for use with little peer-

reviewed clinical evidence.

The searches for clinical evidence were time-limited and results likely represent recent research
interests and should not be taken as a qualitative summary of RAS activity. Nevertheless, there were
many clinical studies across most specialties. The vast number of indications in the clinical literature
show that while the use of RAS for some procedures is more mature, RAS continues to evolve and be
applied to increasing types of surgeries. A detailed analysis of the clinical data supporting these uses
was beyond the scope of this report, and any formal review should initially define the necessary PICO.
The evidence-base varies widely between some indications, reflecting differences in the maturity of the

use of RAS. However, it seems that long-term clinical evidence is lacking.

Clinical studies are varied in their type, design, focus and conclusions. While not comprehensive, these
examples provide an insight into the variability of clinical evidence related to RAS and the difficulty in
establishing clinical equivalence or superiority for any surgical approach. RAS research is a microcosm
of surgical research and faces similar limitations and restrictions. For more novel uses of RAS, clinical
data may be from surgeons who are still on their learning curve in using this technology.

Training material was available for certain specialties with information published for the curriculum,
training modules and dedicated robotic training centre requirements. These materials are explicit
regarding which procedures are appropriate for RAS, and curricula are based on standardised, modular
training programs with validated training methods and assessment tools. The programs are structured
according to skills acquisition and learning curves. Patient information is also available, and technical
and non-technical skills are recognised. Ongoing activities such as evaluation of training, centralised

data collection and publication of this data are noted.

This material could be used or adapted to inform the needs of RACS.

9. Conclusion

This scoping review has identified that training resources for RAS are focused on a limited number of
surgical specialities. There is a lack of general guidelines to inform overall training and credentialing
requirements for surgeons wishing to adopt robotic-assisted techniques. It is deemed feasible to review
current guidelines to develop a generalised framework for RAS training and accreditation that can be

adopted or adapted to be speciality specific.

RACS — Robot-assisted surgery: Scoping report



The scoping exercise has also identified that a generalised review of the clinical effectiveness and
safety of RAS will be of limited utility. Instead, monitoring of the literature for new robotic systems and
indications should be considered. The review of clinical data should be considered if significant
concerns are voiced about the appropriateness of RAS for a given surgical approach or if there are
questions about surgical outcomes. No minimum thresholds defining the safe and effective use of RAS
were identified.

The next steps and proposed future activities are provided in the summary section of this report.
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10. Appendices

Appendix A: Search methods

Searches were undertaken in the last week of November and first week of December 2021.

Literature review

A literature search was undertaken on PubMed (26 November 2021) using the MeSH heading ‘Robotic
Surgical Procedures Descriptor’. This term includes Robot Surgery, RAS, Robot-Enhanced Procedures,
Robot-Enhanced Surgery, Robotic-Assisted Surgery and Surgical Procedures, Robotic.

Searches were date limited to 2016, and references were uploaded to an EndNote library. In total,

10,004 references were identified.

The EndNote library was searched for publications related to systematic reviews, RCTs and training
and credentialing (any field: random OR randomised OR randomized OR RCT; Notes: Systematic

Review OR Meta-Analysis; Title contains: train OR training OR credentialing).

Identified studies were sorted by specialty, procedure or indication, and study type (systematic review
RCT, comp, observational, case report). Studies were excluded if they contained non-clinical data, were
non-systematic reviews, were not written in English, were not robotic, or were opinion (e.g. letter,
editorial). Due to restrictions of this initial scoping exercises, refinement of these categories is needed

as certain categories should be grouped together or further divided.

Website searches
The following websites from Australia and Aotearoa New Zealand were searched in Google using the

term 'robot' (e.g. site:https://anzscts.org/ robot).

¢ RACS https://www.surgeons.org/en

e Australian & New Zealand Society of Cardiac & Thoracic Surgeons https://anzscts.org/

e General Surgeons Australia https://www.generalsurgeons.com.au

e New Zealand Association of General Surgeons https://www.nzags.co.nz

e Neurosurgical Society of Australasia https://www.nsa.org.au

e Australian Orthopaedic Association https://www.aoa.org.au

e Australian Society of Otolaryngology Head and Neck Surgery https://asohns.org.au

e Australian and New Zealand Association of Paediatric Surgeons https://www.anzaps.org/

e Australian Society of Plastic Surgeons https://plasticsurgery.org.au/

e Urological Society of Australia and New Zealand https://www.usanz.org.au

e Australian and New Zealand Society for Vascular Surgery https://www.anzsvs.org.au

e Royal Australian and New Zealand College of Obstetricians and Gynaecologists

https://ranzcog.edu.au/

¢ Royal Australian and New Zealand College of Ophthalmologists https://ranzco.edu/

The following websites from Great Britain were searched in Google using the term 'robot' (e.g.

site:https://www.rcseng.ac.uk robot)

- DAvial PAllana AF CiivAnAaAnna CuhnnlanA hitima-lhananas vamnAanme~ An aals
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UK General Medical Council https://www.gmc-uk.org

The following websites from Great Britain were searched in Google using the term 'robot training' (e.g.

site:https://scts.org/ robot training)

Society for Cardiothoracic Surgery https://scts.org/

Association of Surgeons of Great Britain and Ireland https://www.asgbi.org.uk/

Society of British Neurological Surgeons https://www.sbns.org.uk/

British Orthopaedic Association https://www.boa.ac.uk/

ENT UK https://www.entuk.org/about/who _we are.aspx

British Association of Paediatric Surgeons https://www.baps.org.uk/

British Association of  Plastic, Reconstructive and Aesthetic Surgeons

https://www.bapras.org.uk/

British Association of Urological Surgeons https://www.baus.org.uk/

Royal College of Obstetricians and Gynaecologists https://www.rcog.org.uk/

https://www.rcog.org.uk/en/about-us/specialist-societies/british-association-of-robotic-

gynaecological-surgeons-biargs/

Royal College of Ophthalmologists https://www.rcophth.ac.uk/

The following websites from Ireland were searched in Google using the term 'robot training' (e.g.

site:https://www.rcsi.com/ robot training)

Royal College of Surgeons in Ireland https://www.rcsi.com/

Irish Orthopaedic Association http://ioa.ie/index.html

Irish Institute of Otorhinolaryngology / Head and Neck Surgery http://www.iiohns.org/

Irish Association of Plastic Surgeons https://www.plasticsurgery.ie

Irish Society of Urology https://irishsocietyofurology.ie/

Institute of Obstetricians and Gynaecology https://www.rcpi.ie/faculties/obstetricians-and-
gynaecologists/

The following websites from America were searched in Google using the term 'robot training' (e.g.

site:https://www.facs.org/ robot training):

American College of Surgeons https://www.facs.org

American Urological Association https://www.auanet.org

American College of Obstetricians and Gynecologists https://www.acog.org/

American Association of Orthopaedic Surgeons https://www.aaos.org/

American Academy of Otolaryngology — Head and Neck Surgery https://www.entnet.org/

American Head and Neck Society https://www.ahns.info/

American Society of General Surgeons https://theasgs.org/

The following websites from Canada were searched in Google using the term 'robot training':

The Royal College of Physicians and Surgeons Canada https://www.royalcollege.ca/

Canadian Urological Association https://www.cua.org/
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The Society of Obstetricians and Gynecologists of Canada https://sogc.org/

Canadian Orthopaedic Association https://coa-aco.org/

Canadian Society of Otolaryngology — Head and Neck Surgery https://www.entcanada.org/

Canadian Association of General Surgeons https://cags-accg.ca/

The following websites from Europe were searched in Google using the term 'robot training':

European Association of Urology https://uroweb.org/

European Society of Gynaecological Oncology https://www.esgo.org/

European Society for Sports Traumatology, Knee Surgery and Arthroscopy
https://www.esska.org/

European Federation of National Associations of Orthopaedics and Traumatology

https://www.efort.org/

Confederation of European Otorhinolaryngology — Head and Neck Surgery
https://www.ceorlhns.org/

European Head and Neck Society https://www.ehns.org/site/

European Society of Surgery https://essurg.org/
European Association for Endoscopic Surgery https://eaes.eu/

European Society of Surgical Oncology https://www.essoweb.org/

European Society of Gastrointestinal Endoscopy https://www.esge.com/
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Appendix B: Summary of website information

Training materials from Australia and Aotearoa New Zealand

RAS has been included in conference programs and advertised surgical positions and Fellowships for
many years. RAS is recognised in many procedure codes in the Morbidity Audit and Logbook Tool
(MALT)® and in a Pickard Robotic Training Grant.'® In addition, there are a number of RAS-specific
books and manuals in the RACS member-only library. However, information on RAS use in Australia

and Aotearoa New Zealand for RAS is limited.

The Royal Australian and New Zealand College of Obstetricians and Gynaecologists (RANZCOG) has
a position statement on using RAS,®° noting the minimum standards for training, practice and skill
acquisition and the understanding of the appropriate equipment. It states that individual hospitals
undertake credentialing of RAS surgeons. Further information on the use of RAS is provided in general
guidelines for gynaecologic procedures®’ and a draft scope of practice’® and is mentioned in the
Training Program Handbook for certification in gynaecological oncology.®? Workgroups are established
for robot surgery and broader future issues, but their activities are not publicised.8 5°

Existing Surgical Education and Training (SET) information and Australian Orthopaedic Association
National Joint Replacement Registry (AOANJRR) records'” were not investigated as part of this initial

scoping exercise.

Training materials from international sources

There is relatively little cross-specialty information on RAS based on public information from
international colleges and societies. In England, the Royal College of Surgeons of England (RCSE)
recognises that advances in minimally invasive surgery, including RAS and artificial intelligence, will
continue to progress and notes that there will be challenges and benefits.® In its ‘Surgical Innovation,
New Techniques and Technologies: A Guide to Good Practice’, RCSE considers RAS an example of
innovative technology.®® Notably, the RCSE is working with the Department of Health and Social Care
and the General Medical Council on robotic-surgery guidelines.®* This work followed the death of a
patient who suffered multiple organ failure after robot-assisted heart valve surgery; further information
was not identified.

The UK General Medical Council has published several specialty-specific intercollegiate surgical
curriculum programs (e.g. Urology and Otolaryngology).t” 68 These curricula include comments on the

level when robotic surgery training should be included but no detail about how these are provided.

In North America, The Royal College of Physicians and Surgeons of Canada recognises RAS in its
Task Force Report on Artificial Intelligence and Emerging Digital Technologies.®® In addition, the
limitations in RAS training is considered in a presentation on ‘Evidence-based benchmarking in surgical

performance: Leveraging the skill-outcome relationship in procedural assessment’.'%®
In the peer-reviewed literature, themes included:

» reviews of training programs and courses’%%-16!
e initial experience of structured programs'62 163

e importance of formal training programs 64167
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e training the trainer68 169

e learning curves'7%-173

e ergonomics'’4176

 use of stimulators and use of other different training methods'’” 178
e skills acquisition and transfer'79-181

e skills assessment and evaluation.'’" 182185

Training materials from international specialty societies and associations
Four specialties were assessed for RAS training material for this initial scoping exercise. These were
selected based on material identified from UK societies, the volume of evidence from the PubMed

searches and an understanding of the use of RAS:

Obstetrics and gynaecology

The British and Irish Association of Robotic Gynaecological Surgeons (BIARGS) has a curriculum, 8,
a range of training modules,'® requirements for robotic training centres'® and advice to surgeons
regarding how to certify as a robotics-specialised surgeon.'® They also provide a list of Gynaecology
Robotic surgeons.’™ The syllabus has been defined based on evidence after pilot work and Delphi
projects in robotic training, including some Society of European Robotic Gynaecological Surgery
(SERGS) training frameworks. However, from a presentation on the Royal College of Obstetricians and
Gynaecologists (RCOG) website, it appears as if RAS for gynae-oncology is restricted to tertiary cancer

centres. 90

The Royal College of Physicians and Surgeons of Canada in its ‘Objectives of Training in the
Subspecialty of Gynecologic Oncology’ includes training and competency in robotic-assisted vaginal
radical hysterectomy, robotic-assisted radical hysterectomy and robotic-assisted lymphadenectomy as
part of the required skills.'®! No detail is available on the training. The American College of Obstetricians
and Gynecologists provides training for RAS as part of a non-boarded subspecialty for Minimally
Invasive Gynecologic Surgery.'®? Further detail is not provided. The use of RAS for several conditions
is discussed in a range of committee opinions.'®3% In Europe, the European Society of Gynaecological
Oncology publishes clinical guidelines on various conditions;'®” these were not reviewed as part of this

scoping activity.

Otolaryngology Head and Neck Surgery
The American Head and Neck Society has published a Transoral Robotic Training Curriculum,'98 199
The components were from a previously published consensus.?®® Curricula are also described in the

peer-reviewed literature.201-205

In the UK, RAS is part of the Otolaryngology curriculum,® although no detail is provided on training.
The role of RAS in ENT is highlighted by a range of guidelines published by the UK National

Multidisciplinary Guidelines and the American Academy of Otolaryngology Head and Neck Surgery.2%-
209
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Orthopaedic Surgery

Orthopaedic specialty sites (UK, Ireland, US, Canada, Europe) were also searched for training material.
The American Academy of Orthopaedic Surgeons (AAOS) published a Position Statement on
Innovation and Novel Technologies in Orthopaedic Surgery, which mentions robotics and the lack of
clinical data for certain predicate technologies?'°. Some member-only video material was available to
train fellows in specific knee and spine procedures?'! 22, but no training programs or curricula were
identified.

Urology

Sixteen publications were identified through web searches relating to training and credentialing for RAS
in Urology and an additional 56 studies through PubMed. This is described in greater detail in the body
of this report.

General Surgery
Through web searches, 4 publications were identified relating to training and credentialing for RAS in
General Surgery and an additional 61 studies through PubMed. This is described in greater detail in the

body of this report.
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Appendix C: Summary of PubMed results
The clinical studies are presented according to level of evidence and indication (Table 4 to Table 12).
Please note that, due to restrictions of this initial scoping exercise, refinement of these categories may

be needed to ensure that indications are grouped appropriately.

Table 3 PubMed results from 2016 | per specialty

Number of identified studies (total N = 1,298)
Specialty Training (n = 302) Clinical evidence (n = 996) Estimated  number  of
indications or procedures

Non specialty-specific 138 33
Cardiothoracic Surgery ! 62 8
General Surgery 1 291 23

1 11 5
Neurosurgery
Orthopaedic Surgery 6 84 6
Otolaryngology Head and 12 8 !
Neck Surgery
Paediatric Surgery 4 10 3

i . 0 0 0

Plastic and Reconstructive
Surgery

56 300 14
Urology

1 2 1
Vascular Surgery
Obstetrics and Gynaecology 3 116 12
Ophthalmology 3 0 0

Table 4 PubMed results from 2016 | Clinical studies | Urology

Study design
Procedure or All clinical Systematic Randomised Other Other
indication studies reviews controlled trials comparative
(Total: 14)
Radical prostatectomy 193 41 62 21 23
Radical cystectomy “ 28 10 5 6
Partial nephrectomy 40 2 9 1 6
Kidney transplant 8 5 0 1 2
Adrenalectomy 6 3 1 1 1
Pyeloplasty
Prostate biopsy 4 1 0 0 3
Radical 3 2 0 0 1
nephroureterectomy
Brachytherapy 1 0 0 0 1
Colovesical fistula | ' 0 0 0 i
Renal artery 1 0 0 0 1
aneurysm
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Study design

Procedure or All clinical Systematic Randomised Other Other
indication studies reviews controlled trials comparative
(Total: 14)
Renal stones ! 0 ! 0 0
Renal tumours 3 2 0 ! 0
Ureteral injury ! ! 0 0 0

23 8 2 13

Broad or multiple
indications

Table 5 PubMed results from 2016 | Clinical studies | Obstetrics and Gynaecology

Study design
Procedure or All clinical Systematic Randomised Other Other
indication studies reviews controlled trials comparative
(Total: 12)
Hysterectomy 38 3 " 6 8
Endometrial cancer " 4 S ! !
10 2 8 0 0
Sacrocolpopexy
Endometriosis ° 3 3 0 3
. 7 3 1 1 2
Cervical cancer
Myomectomy 6 3 0 2 !
6 3 3 0 0
Rectopexy
. 4 2 1 0 1
QOvarian cancer
1 0 0 0 1
Colpopexy
Sacrohysteropexy ! 0 0 ! 0
. 1 0 0 0 1
Uterine cancer
Vestigovaginal fistula ! ! 0 0
Broad or multiple 20 12 6 0 2
indications

Table 6 PubMed results from 2016 | Clinical studies | Otolaryngology Head and Neck Surgery

Study design

Procedure or All clinical Systematic Randomised Other Other
indication studies reviews controlled trials comparative
(Total: 7)
Thyroidectomy 20 ° 8 3 0
Oesophagectomy " 2 2 ! 6
Obstructive sleep " ! ! 3 0
apnoea
Oropharyngeal cancer ° ! ! ! 0

3 1 0 0 2
Laryngectomy
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Study design

Procedure or
indication
(Total: 7)

All clinical
studies

Systematic
reviews

Randomised
controlled trials

Other
comparative

Other

Myotomy

Craniomaxillofacial

Broad or multiple
indications

39

29

Table 7 PubMed results from 2016 | Clinical studies | Orthopaedic Surgery

Study design

Procedure or
indication
(Total: 6)

All clinical
studies

Systematic
reviews

Randomised
controlled trials

Other
comparative

Other

Pedicle screw

27

17

Unicompartmental
knee arthroplasty

19

14

Total knee
arthroplasty

16

Total hip arthroplasty

11

Lumbar fusion

Vertebroplasty

o Wl &

Broad or multiple
indications

B O O >

o| o w

Table 8 PubMed results from 2016 | Clinical studies | General Surgery

Study design

Procedure or indication
(Total: 23)

All clinical
studies

Systematic
reviews

Randomised
controlled trials

Other
comparative

Other

Rectal cancer

63

41

5

4

Gastrectomy

36

20

Pancreatectomy

33

18

Hepatectomy

28

23

4
2
0

Colectomy

27

12

Pancreatoduodenectomy

26

14

Cholecystectomy

17

o O W WwW| | ©

Bariatric

13

ol

Inguinal hernia

—_

Colorectal

Hilar cholangiocarcinoma

o| o o

Splenectomy

w| w| w| ©

N Wl & o N o

o| o] o
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Study design

Procedure or indication
(Total: 23)

All clinical
studies

Systematic
reviews

Randomised
controlled trials

Other
comparative

Other

Colorectal natural orifice
transluminal endoscopic
surgery

0

0

0

Mastectomy

Pancreastosplenectomy

Pelvic exenteration

Ventral hernia

N o ol o

Breast

o O O o N

Lymph node dissection

o O] O] N N o

Neuroendocrine tumours

Neurostimulator

o| o

Paraoesophageal hernia

Protectomy

Broad or multiple
indications

17

12

w| o o o o o

o O o o o o o o o o o

N O] ©

Table 9 PubMed results from 2016 | Clinical studies | Cardiothoracic surgery

Study design

Procedure or
indication
(Total: 8)

All clinical
studies

Systematic
reviews

Randomised
controlled trials

Other
comparative

Other

Coronary artery
bypass graft

20

Thoracic surgery

18

12

Percutaneous
coronary intervention

o

N

Thymectomy

Atrial fibrillation

Bronchoscopy

ol ol o

Catheter ablation

o| o o »

Valve surgery

o| o ol ol o

Broad or multiple
indications

N o o©
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Table 10

PubMed results from 2016 | Clinical studies | Neurosurgery

Study design
Procedure or All clinical Systematic Randomised Other Other
indication studies reviews controlled trials comparative
(Total: 5)
Brain biopsy 1 1 0 0 0
Electrode implant 1 0 1 0 0
Hemispherotomy 1 0 0 1 0

1 1 0 0 0
Intracerebral
haemorrhage
Peripheral nerve 1 1 0 0 0
Broad or multiple 6 4 0 0 2
indications
Table 11 PubMed results from 2016 | Clinical studies | Paediatric surgery

Study design
Procedure or All clinical Systematic Randomised Other Other
indication studies reviews controlled trials comparative
(Total: 3)
Urological S 1 0 1 3
Pyeloplasty 4 3 1 0 0
Cholecystectomy 1 0 0 0 1
Broad or multiple 0 0 0 0 0
indications

Table 12 PubMed results from 2016 | Clinical studies | Vascular surgery

Study design
Procedure or All clinical Systematic Randomised Other Other
indication studies reviews controlled trials comparative
(Total: 1)

2 1 0 0 1

Broad or multiple

indications

RACS — Robot-assisted surgery: Scoping report




11. References

1. ABC. Robotic surgery operating a world away could aid regional patients, but costs still too high 2019
[Available  from:  htips://www.abc.net.au/news/2019-09-27/robotic-surgery-could-benefit-
regional-
patients/11542696#:~:text=Robotic%20surgery%20was%20first%20used%20in%20Australia
%20in%202003%20for%20prostate%20surgery accessed 9 Dec 2021.

2. Sayari AJ, Pardo C, Basques BA, et al. Review of robotic-assisted surgery: what the future looks like
through a spine oncology lens. Ann Transl Med 2019;7(10):224. doi: 10.21037/atm.2019.04.69
[published Online First: 2019/07/13]

3. Sheetz KH, Claflin J, Dimick JB. Trends in the Adoption of Robotic Surgery for Common Surgical
Procedures. JAMA Netw Open 2020;3(1):e1918911. doi:
10.1001/jamanetworkopen.2019.18911 [published Online First: 20200103]

4. McDonald CR, Kozman MA, Tonkin D, et al. Training for robotics in general surgery: is it where it
should be? ANZ J Surg 2018;88(6):530-31. doi: 10.1111/ans.14400

5. Ahmed K, Khan R, Mottrie A, et al. Development of a standardised training curriculum for robotic
surgery: a consensus statement from an international multidisciplinary group of experts. BJU
Int 2015;116(1):93-101. doi: 10.1111/bju.12974 [published Online First: 2014/11/02]

6. Smith R, Patel V, Satava R. Fundamentals of robotic surgery: a course of basic robotic surgery skills
based upon a 14-society consensus template of outcomes measures and curriculum
development. Int J Med Robot 2014;10(3):379-84. doi: 10.1002/rcs.1559 [published Online
First: 2013/11/28]

7. McBride K, Steffens D, Stanislaus C, et al. Detailed cost of robotic-assisted surgery in the Australian
public health sector: from implementation to a multi-specialty caseload. BMC Health Serv Res
2021;21(1):108. doi: 10.1186/s12913-021-06105-z [published Online First: 20210201]

8. Furrer MA, Costello DM, Thomas BC, et al. Robotics in Australian urology contemporary practice and
future perspectives. ANZ J Surg 2021;91(11):2241-45. doi: 10.1111/ans.17161

9. NICE. Prostate cancer: Diagnosis and management 2019 [Available from:
https://www.nice.org.uk/guidance/ng131/chapter/Recommendations accessed 13 December
2021.

10. llic D, Evans SM, Allan CA, et al. Laparoscopic and robotic-assisted versus open radical
prostatectomy for the treatment of localised prostate cancer. Cochrane Database Syst Rev
2017;9(9):Cd009625. doi: 10.1002/14651858.CD009625.pub2 [published Online First:
20170912]

11. Tang K, Jiang K, Chen H, et al. Robotic vs. Retropubic radical prostatectomy in prostate cancer: A
systematic review and an meta-analysis update. Oncotarget 2017;8(19):32237-57. doi:
10.18632/oncotarget.13332

12. Sridharan K, Sivaramakrishnan G. Prostatectomies for localized prostate cancer: a mixed
comparison network and cumulative meta-analysis. J Robot Surg 2018;12(4):633-39. doi:
10.1007/s11701-018-0791-8 [published Online First: 20180223]

13. Wang L, Wang B, Ai Q, et al. Long-term cancer control outcomes of robot-assisted radical
prostatectomy for prostate cancer treatment: a meta-analysis. Int Urol Nephrol 2017;49(6):995-
1005. doi: 10.1007/s11255-017-1552-8 [published Online First: 20170225]

14. Lee SH, Seo HJ, Lee NR, et al. Robot-assisted radical prostatectomy has lower biochemical
recurrence than laparoscopic radical prostatectomy: Systematic review and meta-analysis.
Investig Clin Urol 2017;58(3):152-63. doi: 10.4111/icu.2017.58.3.152 [published Online First:
20170428]

15. Rosenberg JE, Jung JH, Edgerton Z, et al. Retzius-sparing versus standard robotic-assisted
laparoscopic prostatectomy for the treatment of clinically localized prostate cancer. Cochrane
Database Syst Rev 2020;8(8):Cd013641. doi: 10.1002/14651858.CD013641.pub2 [published
Online First: 20200818]

RACS — Robot-assisted surgery: Scoping report

36



37

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rosenberg JE, Jung JH, Lee H, et al. Posterior musculofascial reconstruction in robotic-assisted
laparoscopic prostatectomy for the treatment of clinically localized prostate cancer. Cochrane
Database Syst Rev 2021;8:Cd013677. doi: 10.1002/14651858.CD013677.pub2 [published
Online First: 20210808]

Coughlin GD, Yaxley JW, Chambers SK, et al. Robot-assisted laparoscopic prostatectomy versus
open radical retropubic prostatectomy: 24-month outcomes from a randomised controlled
study. Lancet Oncol 2018;19(8):1051-60. doi: 10.1016/s1470-2045(18)30357-7 [published
Online First: 20180717]

Porpiglia F, Fiori C, Bertolo R, et al. Five-year Outcomes for a Prospective Randomised Controlled
Trial Comparing Laparoscopic and Robot-assisted Radical Prostatectomy. Eur Urol Focus
2018;4(1):80-86. doi: 10.1016/j.euf.2016.11.007 [published Online First: 20161123]

Sooriakumaran P, Pini G, Nyberg T, et al. Erectile Function and Oncologic Outcomes Following
Open Retropubic and Robot-assisted Radical Prostatectomy: Results from the LAParoscopic
Prostatectomy Robot Open Trial. Eur Urol 2018;73(4):618-27. doi:
10.1016/j.eururo.2017.08.015 [published Online First: 20170904]

Checcucci E, De Cillis S, Pecoraro A, et al. Single-port robot-assisted radical prostatectomy: a
systematic review and pooled analysis of the preliminary experiences. BJU Int 2020;126(1):55-
64. doi: 10.1111/bju.15069 [published Online First: 20200501]

Rajakumar T, Yassin M, Musbahi O, et al. Use of intraoperative fluorescence to enhance robot-
assisted radical prostatectomy. Future Oncol 2021;17(9):1083-95. doi: 10.2217/fon-2020-0370
[published Online First: 20210216]

Ackerman RS, Cohen JB, Getting REG, et al. Are you seeing this: the impact of steep Trendelenburg
position during robot-assisted laparoscopic radical prostatectomy on intraocular pressure: a
brief review of the literature. J Robot Surg 2019;13(1):35-40. doi: 10.1007/s11701-018-0857-7
[published Online First: 20180725]

Becerra V, Avila M, Jimenez J, et al. Economic evaluation of treatments for patients with localized
prostate cancer in Europe: a systematic review. BMC Health Serv Res 2016;16(1):541. doi:
10.1186/s12913-016-1781-z [published Online First: 20161003]

Schroeck FR, Jacobs BL, Bhayani SB, et al. Cost of New Technologies in Prostate Cancer
Treatment: Systematic Review of Costs and Cost Effectiveness of Robotic-assisted
Laparoscopic Prostatectomy, Intensity-modulated Radiotherapy, and Proton Beam Therapy.
Eur Urol 2017;72(5):712-35. doi: 10.1016/j.eururo.2017.03.028 [published Online First:
20170331]

Bertolo R, Tracey A, Dasgupta P, et al. Supra-pubic versus urethral catheter after robot-assisted
radical prostatectomy: systematic review of current evidence. World J Urol 2018;36(9):1365-
72. doi: 10.1007/s00345-018-2275-x [published Online First: 20180329]

JianZ, Feng S, Chen'Y, et al. Suprapubic tube versus urethral catheter drainage after robot-assisted
radical prostatectomy: a systematic review and meta-analysis. BMC Urol 2018;18(1):1. doi:
10.1186/s12894-017-0312-5 [published Online First: 20180105]

Checcucci E, Pecoraro A, S DEC, et al. The importance of anatomical reconstruction for continence
recovery after robot assisted radical prostatectomy: a systematic review and pooled analysis
from referral centers. Minerva Urol Nephrol 2021;73(2):165-77. doi: 10.23736/s0393-
2249.20.04146-6 [published Online First: 20201117]

Marchioni M, De Francesco P, Castellucci R, et al. Management of erectile dysfunction following
robot-assisted radical prostatectomy: a systematic review. Minerva Urol Nefrol 2020;72(5):543-
54. doi: 10.23736/s0393-2249.20.03780-7 [published Online First: 20200804]

Marchioni M, Primiceri G, Castellan P, et al. Conservative management of urinary incontinence
following robot-assisted radical prostatectomy. Minerva Urol Nefrol 2020;72(5):555-62. doi:
10.23736/s0393-2249.20.03782-0 [published Online First: 20200520]

Taninishi H, Matsusaki T, Morimatsu H. Transversus Abdominis Plane Block Reduced Early
Postoperative Pain after Robot-assisted Prostatectomy: a Randomized Controlled Trial. Sci
Rep 2020;10(1):3761. doi: 10.1038/s41598-020-60687-y [published Online First: 20200228]

RACS — Robot-assisted surgery: Scoping report



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

EAES. European association of endoscopic surgeons (EAES) consensus statement on the use of
robotics in general surgery 2014 [Available from: https://eaes.eu/wp-
content/uploads/2016/11/e1d09599-b15a-4a67-9d96-40f584e3¢995.pdf accessed 15
December 2021.

Guerrini GP, Esposito G, Magistri P, et al. Robotic versus laparoscopic gastrectomy for gastric
cancer: The largest meta-analysis. Int J Surg 2020;82:210-28. doi: 10.1016/j.ijsu.2020.07.053
[published Online First: 20200812]

Hoshino N, Murakami K, Hida K, et al. Robotic versus laparoscopic surgery for gastric cancer: an
overview of systematic reviews with quality assessment of current evidence. Updates Surg
2020;72(3):573-82. doi: 10.1007/s13304-020-00793-8 [published Online First: 20200515]

Marano L, Fusario D, Savelli V, et al. Robotic versus laparoscopic gastrectomy for gastric cancer:
an umbrella review of systematic reviews and meta-analyses. Updates Surg 2021;73(5):1673-
89. doi: 10.1007/s13304-021-01059-7 [published Online First: 20210525]

Zhang Z, Zhang X, Liu Y, et al. Meta-analysis of the efficacy of Da Vinci robotic or laparoscopic
distal subtotal gastrectomy in patients with gastric cancer. Medicine (Baltimore)
2021;100(34):€27012. doi: 10.1097/md.0000000000027012

Bobo Z, Xin W, Jiang L, et al. Robotic gastrectomy versus laparoscopic gastrectomy for gastric
cancer: meta-analysis and trial sequential analysis of prospective observational studies. Surg
Endosc 2019;33(4):1033-48. doi: 10.1007/s00464-018-06648-z [published Online First:
20190204]

Ma J, Li X, Zhao S, et al. Robotic versus laparoscopic gastrectomy for gastric cancer: a systematic
review and meta-analysis. World J Surg Oncol 2020;18(1):306. doi: 10.1186/s12957-020-
02080-7 [published Online First: 20201124]

Yang Y, Wang G, He J, et al. Robotic gastrectomy versus open gastrectomy in the treatment of
gastric cancer. J Cancer Res Clin Oncol 2017;143(1):105-14. doi: 10.1007/s00432-016-2240-
2 [published Online First: 20160920]

Lu J, Zheng CH, Xu BB, et al. Assessment of Robotic Versus Laparoscopic Distal Gastrectomy for
Gastric Cancer: A Randomized Controlled Trial. Ann Surg 2021;273(5):858-67. doi:
10.1097/sla.0000000000004466

Pan HF, Wang G, Liu J, et al. Robotic Versus Laparoscopic Gastrectomy for Locally Advanced
Gastric Cancer. Surg Laparosc Endosc Percutan Tech 2017;27(6):428-33. doi:
10.1097/sle.0000000000000469

Wang X, Li Z, Chen M, et al. Minimally invasive and open gastrectomy for gastric cancer: A protocol
for systematic review and network meta-analysis. Medicine (Baltimore) 2018;97(48):e13419.
doi: 10.1097/md.0000000000013419

Kim HJ, Lee KY, Kim MH, et al. Effects of deep vs moderate neuromuscular block on the quality of
recovery after robotic gastrectomy. Acta Anaesthesiol Scand 2019;63(3):306-13. doi:
10.1111/aas.13271 [published Online First: 20181015]

Nyberg M, Sjoberg DD, Carlsson SV, et al. Surgeon heterogeneity significantly affects functional
and oncological outcomes after radical prostatectomy in the Swedish LAPPRO trial. BJU Int
2021;127(3):361-68. doi: 10.1111/bju.15238 [published Online First: 20200929]

Leow JJ, Leong EK, Serrell EC, et al. Systematic Review of the Volume-Outcome Relationship for
Radical Prostatectomy. Eur Urol Focus 2018;4(6):775-89. doi: 10.1016/j.euf.2017.03.008
[published Online First: 20170406]

Abdel Raheem A, Chang KD, Alenzi MJ, et al. Predictors of biochemical recurrence after Retzius-
sparing robot-assisted radical prostatectomy: Analysis of 359 cases with a median follow-up
period of 26 months. Int J Urol 2018;25(12):1006-14. doi: 10.1111/iju.13808 [published Online
First: 20181001]

Buonpane C, Efiong E, Hunsinger M, et al. Predictors of Utilization and Quality Assessment in
Robotic Rectal Cancer Resection: A Review of the National Cancer Database. Am Surg
2017;83(8):918-24.

RACS — Robot-assisted surgery: Scoping report

38



39

47. Randell R, Honey S, Alvarado N, et al. Factors supporting and constraining the implementation of

48.

robot-assisted surgery: a realist interview study. BMJ Open 2019;9(6):e028635. doi:
10.1136/bmjopen-2018-028635 [published Online First: 20190614]

Wright JD. Robotic-Assisted Surgery: Balancing Evidence and Implementation. Jama

2017;318(16):1545-47. doi: 10.1001/jama.2017.13696

49. RACS. General Guidelines for Assessing, Approving & Introducing New Surgical Procedures into a

Hospital or Health Service 2008 [Available from: htips://www.surgeons.org/-
/media/Project/RACS/surgeons-org/files/position-

papers/rea_ase 3103 p _general _guidelines for assessing approving introducing new_sur
gical _procedures_into_a.pdf?rev=45633c22bd9941129d471fc98e300083&hash=BB63DA90

EEB5CA3A8B491CCCCOFFA185 accessed 8 April 2022.

50. IDEAL Collaboration. Welcome to the IDEAL Collaboration 2022 [Available from: https://www.ideal-

51.

collaboration.net/ accessed 8 April 2022.

COMET-Initiative. Core Outcome Measures in Effectiveness Trials 2022 [Available from:

https://www.comet-initiative.org/ accessed 8 April 2022.

52. Clarke M. Standardising outcomes for clinical trials and systematic reviews. Trials 2007;8:39. doi:

10.1186/1745-6215-8-39 [published Online First: 2007/11/28]

53. Gargon E, Gorst SL, Wiliamson PR. Choosing important health outcomes for comparative

effectiveness research: 5th annual update to a systematic review of core outcome sets for
research. PLoS One 2019;14(12):e0225980. doi: 10.1371/journal.pone.0225980 [published
Online First: 2019/12/13]

54. Williamson PR, de Avila Oliveira R, Clarke M, et al. Assessing the relevance and uptake of core

55.

outcome sets (an agreed minimum collection of outcomes to measure in research studies) in
Cochrane systematic reviews: a review. BMJ Open 2020;10(9):e036562. doi:
10.1136/bmjopen-2019-036562 [published Online First: 2020/09/09]

OMERACT. Outcome measures in rheumatology 2022 [Available from: https://omeract.org/

accessed 8 April 2022.

56. FDA. Caution When Using Robotically-Assisted Surgical Devices in Women's Health including

Mastectomy and Other Cancer-Related Surgeries: FDA Safety Communication 2019 [Available
from: https://www.fda.gov/medical-devices/safety-communications/caution-when-using-
robotically-assisted-surgical-devices-womens-health-including-mastectomy-and accessed 1
April 2022.

57. RACS. Additional MALT procedures October 2020 2020 [Available from: https://www.surgeons.org/-

58.

/media/Project/RACS/surgeons-org/files/morbidity-audits/Additional-MALT-Procedures-
October-2020.pdf?rev=6b79632d0b1a47259197594675092c2a accessed 9 December 2021.

RANZCO. Future of Ophthalmology Taskforce Terms of Reference 2021 [Available from:

https://ranzco.edu/wp-content/uploads/2019/05/Future _Taskforce ToR Oct 2018.pdf
accessed 9 December 2021.

59. USANZ. Expressions of Interest: RACS Robotic Surgery Working Party 2021 [Available from:

60.

61

https://www.usanz.org.au/our-members/member-opportunities/eoi-racs-robotic-surgery-
working-party accessed 9 December 2021.

RANZCOG. Position statement on robotic-assisted laparoscopy 2017 [Available from:

https://ranzcog.edu.au/RANZCOG SITE/media/RANZCOG-
MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical%20-
%20Gynaecology/Position-statement-on-robotic-assisted-surgery-(C-Gyn-29)-Nov-
2017.pdf?ext=.pdf accessed 9 December 2021.

. RANZCOG. Guidelines for performing gynaecological endoscopic procedures 2019 [Available from:

https://ranzcog.edu.au/RANZCOG SITE/media/RANZCOG-
MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical%20-
%20Training/Guidelines-for-performing-gynaecological-endoscopic-procedures-(C-Trg-
2).pdf?ext=.pdf accessed 9 December 2021.

RACS — Robot-assisted surgery: Scoping report



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7

78

RANZCOG. Certification in  Gynaecological Oncology 2021 [Available from:
https://ranzcog.edu.au/RANZCOG_SITE/media/RANZCOG-
MEDIA/Training%20and%20Assessment/Subspecialties/Curriculum%20and%20Handbooks/
1-CGO-Training-Program-Handbook-2021-v1.pdf accessed 9 December 2021.

RCPSC. Artificial intelligence (Al) and emerging digital technologies 2021 [Available from:
https://www.royalcollege.ca/rcsite/health-policy/initiatives/ai-task-force-e accessed 9
December 2021.

RCSE. RCS statement on need for national guidelines on the introduction of new procedures and
technologies 2018 [Available from: https://www.rcseng.ac.uk/news-and-events/media-
centre/press-releases/robotic-surgery-guidelines/ accessed 9 December 2021.

RCSE. Commission on the Future of Surgery 2021 [Available  from:
https://www.rcseng.ac.uk/standards-and-research/future-of-surgery/ accessed 9 December
2021.

RCSE. Surgical Innovation, New Techniques and Technologies - A guide to good practice 2021
[Available from: https://www.rcseng.ac.uk/standards-and-research/standards-and-
guidance/good-practice-guides/surgical-innovation/ accessed 9 December 2021.

GMC-UK.  Urology curriculum 2021 [Available from:  https://www.gmc-uk.org/-
/media/documents/urology-curriculum-aug-2021-20210730 pdf-84480053.pdf accessed 9
December 2021.

GMC-UK. Otolaryngology curriculum 2021 [Available from: https://www.gmc-uk.org/-
[media/documents/Otolaryngology Updated 2016.pdf 68162432.pdf.

van der Poel H, Brinkman W, van Cleynenbreugel B, et al. Training in minimally invasive surgery in
urology: European Association of Urology/International Consultation of Urological Diseases
consultation. BJU Int 2016;117(3):515-30. doi: 10.1111/bju.13320 [published Online First:
20151014]

Merrill SB, Sohl BS, Thompson RH, et al. The Balance between Open and Robotic Training among
Graduating Urology Residents-Does Surgical Technique Need Monitoring? J Urol
2020;203(5):996-1002. doi: 10.1097/ju.0000000000000689 [published Online First: 20191211]

Larcher A, De Naeyer G, Turri F, et al. The ERUS Curriculum for Robot-assisted Partial
Nephrectomy: Structure Definition and Pilot Clinical Validation. Eur Urol 2019;75(6):1023-31.
doi: 10.1016/j.eururo.2019.02.031 [published Online First: 20190409]

ERUS. European Association of Urology EAU Robotic Urology Section (ERUS) 2021 [Available
from: https://uroweb.org/section/erus/information/ accessed 9 December 2021.

ERUS. ERUS robotic curriculum 2021 [Available from: https://uroweb.org/section/erus/education/
accessed 9 December 2021.

ERUS. ERUS Robotic Certified Host Centres 2022 [Available from: https://uroweb.org/eau-robotic-
urology-section-erus accessed 4 May 2022.

BAUS. British Association Of Urological Surgeons (BAUS) Robotic Surgery Curriculum - Guidelines
For Training 2021 [Available from:
https://www.baus.org.uk/_userfiles/pages/files/Publications/Robotic%20Surgery%20Curriculu
m.pdf accessed 9 December 2021.

MacCraith E, Forde JC, Davis NF. Robotic simulation training for urological trainees: a
comprehensive review on cost, merits and challenges. J Robot Surg 2019;13(3):371-77. doi:
10.1007/s11701-019-00934-1 [published Online First: 20190222]

. Aydin A, Raison N, Khan MS, et al. Simulation-based training and assessment in urological surgery.
Nat Rev Urol 2016;13(9):503-19. doi: 10.1038/nrurol.2016.147 [published Online First:
20160823]

. Song PH. Current status of simulation-based training and assessment in urological robot-assisted
surgery. Investig Clin Urol 2016;57(6):375-76. doi: 10.4111/icu.2016.57.6.375 [published
Online First: 20161107]

RACS — Robot-assisted surgery: Scoping report

40



41

79

80

81.

82.

83.

84

85

86

87

88

89.

90

91

92.

93

94

95

. Zhong W, Mancuso P. Utilization and Surgical Skill Transferability of the Simulator Robot to the
Clinical Robot for Urology Surgery. Urol Int 2017;98(1):1-6. doi: 10.1159/000449473 [published
Online First: 20160916]

. Lovegrove C, Novara G, Mottrie A, et al. Structured and Modular Training Pathway for Robot-
assisted Radical Prostatectomy (RARP): Validation of the RARP Assessment Score and
Learning Curve Assessment. Eur Urol 2016;69(3):526-35. doi: 10.1016/j.eururo.2015.10.048
[published Online First: 20151114]

Murphy D. Advanced GuU oncology training 2022 [Available from:
https://www.declanmurphy.com.au/training accessed 31 March 2022.

EAU. Learning curve in robotic surgery - Review of the literature 2014 [Available from:
https://uroweb.org/wp-content/uploads/Learning-Curve-in-robotic-surgery-Review-of-the-
literature.pdf accessed 9 December 2021.

ERUS. Robotics in urology - theoretical course 2021 [Available from:
https://uroweb.org/education/online-education/surgical-education/robotics/ accessed 9
December 2021.

. ERUS. European Training in Basic Robot Urological Skills (E-BRUS) 2021 [Available from:
https://uroweb.org/education/live-events/hands-on-training-courses/robot/european-training-
in-basis-robot-urological-skills-e-brus/ accessed 9 December 2021.

. EAU. EAU Robotic Training Centre Application 2021 [Available from: https://uroweb.org/robotic-
host-centre-signup/ accessed 9 December 2021.

. BAUS. Advice on development of Robotic Assisted Radical Prostatectomy in England 2012
[Available from:
https://www.baus.org.uk/ userfiles/pages/files/Publications/PCAGRoboticProstatectomyinEng
land.pdf accessed 9 December 2021.

. BAUS. Robotic-assisted radical prostatectomy (RARP) - Patient leaflet 2021 [Available from:
https://www.baus.org.uk/patients/information leaflets/180/roboticassisted radical prostatecto
my_rarp accessed 9 December 2021.

. Volpe A, Ahmed K, Dasgupta P, et al. Pilot Validation Study of the European Association of Urology
Robotic Training Curriculum. Eur Urol 2015;68(2):292-9. doi: 10.1016/j.eururo.2014.10.025
[published Online First: 2014/12/03]

Lovegrove C, Ahmed K, Novara G, et al. Modular Training for Robot-Assisted Radical
Prostatectomy: Where to Begin? J Surg Educ 2017;74(3):486-94. doi:
10.1016/j.jsurg.2016.11.002 [published Online First: 20161205]

. Sehmbi AS, Sridhar AN, Sahadevan K. Early outcomes of robot-assisted radical prostatectomy
following completion of a structured training curriculum: a single surgeon cohort study. Journal
of Clinical Urology 2021;14(4):246-54.

. Bedir F, Keske M, Demirdégen $ O, et al. Robotic radical prostatectomy in 93 cases: Outcomes of
the first ERUS robotic urology curriculum trained surgeon in Turkey. Turk J Urol
2019;45(3):183-88. doi: 10.5152/tud.2019.24444 [published Online First: 2019/03/01]

AUA. Laparoscopic and robotic surgery committee 2021 [Available from:
https://www.auanet.org/documents/admin/sections/governance-documents/committees-
profiles-master/laparoscopy-and-robotic-surgery-committee.pdf accessed 9 December 2021.

. AUA. Robotic Surgery (Urologic) Standard Operating Procedure (SOP) 2021 [Available from:
https://www.auanet.org/quidelines/quidelines/robotic-surgery-(urologic)-sop accessed 9
December 2021.

. AUA. BLUS Handbook of Laparoscopic and Robotic Fundamentals 2021 [Available from:
https://www.auanet.org/education/auauniversity/education-products-and-resources/blus-
handbook-of-laparoscopic-and-robotic-fundamentals accessed 9 December 2021.

. AUA. Optimizing Outcomes in Urologic Surgery: Intraoperative Considerations 2021 [Available
from: https://www.auanet.org/quidelines/quidelines/optimizing-outcomes-in-urologic-surgery-
intraoperative-considerations accessed 9 December 2021.

RACS — Robot-assisted surgery: Scoping report



96.

97.

98.

RCPSC. Entrustable Professional Activity Guide: Urology 2021 [Available from:
https://www.royalcollege.ca/rcsite/documents/cbd/epa-guide-urology-e.pdf accessed 9
December 2021.

RCPSC. Urology competencies 2018 [Available from:
https://www.royalcollege.ca/rcsite/documents/ibd/urology-competencies-e.pdf accessed 9
December 2021.

RCPSC. Urolgoy training experiences 2018 [Available from:
https://www.royalcollege.ca/rcsite/documents/ibd/urology-rte-training-experiences-e.pdf
accessed 9 December 2021.

99. Lovegrove CE, Elhage O, Khan MS, et al. Training Modalities in Robot-assisted Urologic Surgery:

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

A Systematic Review. Eur Urol Focus 2017;3(1):102-16. doi: 10.1016/j.euf.2016.01.006
[published Online First: 20160217]

Hussein AA, Sexton KJ, May PR, et al. Development and validation of surgical training tool:
cystectomy assessment and surgical evaluation (CASE) for robot-assisted radical cystectomy
for men. Surg Endosc 2018;32(11):4458-64. doi: 10.1007/s00464-018-6191-3 [published
Online First: 20180413]

Altok M, Achim MF, Matin SF, et al. A decade of robot-assisted radical prostatectomy training:
Time-based metrics and qualitative grading for fellows and residents. Urol Oncol
2018;36(1):13.e19-13.e25. doi: 10.1016/j.urolonc.2017.08.028 [published Online First:
20170928]

Morris C, Hoogenes J, Shayegan B, et al. Towards development and validation of an intraoperative
assessment tool for robot-assisted radical prostatectomy training: results of a Delphi study. Int
Braz J Urol 2017;43(4):661-70. doi: 10.1590/s1677-5538.1bju.2016.0420

Kwong JC, Lee JY, Goldenberg MG. Understanding and Assessing Nontechnical Skills in Robotic
Urological Surgery: A Systematic Review and Synthesis of the Validity Evidence. J Surg Educ
2019;76(1):193-200. doi: 10.1016/j.jsurg.2018.05.009 [published Online First: 20180627]

Goldenberg MG, Lee JY, Kwong JCC, et al. Implementing assessments of robot-assisted technical
skill in urological education: a systematic review and synthesis of the validity evidence. BJU Int
2018;122(3):501-19. doi: 10.1111/bju.14219 [published Online First: 20180424]

Chen J, Oh PJ, Cheng N, et al. Use of Automated Performance Metrics to Measure Surgeon
Performance during Robotic Vesicourethral Anastomosis and Methodical Development of a
Training Tutorial. J Urol 2018;200(4):895-902. doi: 10.1016/j.juro.2018.05.080 [published
Online First: 20180522]

Hung AJ, Chen J, Che Z, et al. Utilizing Machine Learning and Automated Performance Metrics to
Evaluate Robot-Assisted Radical Prostatectomy Performance and Predict Outcomes. J
Endourol 2018;32(5):438-44. doi: 10.1089/end.2018.0035 [published Online First: 20180320]

Cantiello F, Veneziano D, Bertolo R, et al. Safe introduction of laparoscopic and
retroperitoneoscopic nephrectomy in clinical practice: impact of a modular training program.
World J Urol 2017;35(5):761-69. doi: 10.1007/s00345-016-1921-4 [published Online First:
20160816]

Schiavina R, Borghesi M, Dababneh H, et al. The impact of a structured intensive modular training
in the learning curve of robot assisted radical prostatectomy. Arch ltal Urol Androl 2018;90(1):1-
7. doi: 10.4081/aiua.2018.1.1 [published Online First: 20180331]

Dai X, Fan S, Hao H, et al. Comparison of KD-SR-01 robotic partial nephrectomy and 3D-
laparoscopic partial nephrectomy from an operative and ergonomic perspective: A prospective
randomized controlled study in porcine models. Int J Med Robot 2021;17(2):€2187. doi:
10.1002/rcs.2187 [published Online First: 20201124]

Cacciamani GE, Medina LG, Tafuri A, et al. Impact of Implementation of Standardized Criteria in
the Assessment of Complication Reporting After Robotic Partial Nephrectomy: A Systematic
Review. Eur Urol Focus 2020;6(3):513-17. doi: 10.1016/j.euf.2018.12.004 [published Online
First: 20181223]

RACS — Robot-assisted surgery: Scoping report

42



43

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Fujimura T, Menon M, Fukuhara H, et al. Validation of an educational program balancing surgeon
training and surgical quality control during robot-assisted radical prostatectomy. Int J Urol
2016;23(2):160-6. doi: 10.1111/iju.12993 [published Online First: 20151026]

Beulens AJW, Vaartjes L, Tilli S, et al. Structured robot-assisted surgery training curriculum for
residents in Urology and impact on future surgical activity. J Robot Surg 2021;15(4):497-510.
doi: 10.1007/s11701-020-01134-y [published Online First: 20200809]

Clements MB, Morrison KY, Schenkman NS. Evaluation of Laparoscopic Curricula in American
Urology Residency Training: A 5-Year Update. J Endourol 2016;30(3):347-53. doi:
10.1089/end.2015.0561

Zattoni F, Morlacco A, Cattaneo F, et al. Development of a Surgical Safety Training Program and
Checklist for Conversion during Robotic Partial Nephrectomies. Urology 2017;109:38-43. doi:
10.1016/j.urology.2017.06.057 [published Online First: 20170818]

Larcher A, Turri F, Bianchi L, et al. Virtual Reality Validation of the ERUS Simulation-based
Training Programmes: Results from a High-volume Training Centre for Robot-assisted Surgery.
Eur Urol 2019;75(5):885-87. doi: 10.1016/j.eururo.2019.02.008 [published Online First:
20190228]

Timberlake MD, Garbens A, Schlomer BJ, et al. Design and validation of a low-cost, high-fidelity
model for robotic pyeloplasty simulation training. J Pediatr Urol 2020;16(3):332-39. doi:
10.1016/j.jpurol.2020.02.003 [published Online First: 20200212]

Shee K, Koo K, Wu X, et al. A novel ex vivo trainer for robotic vesicourethral anastomosis. J Robot
Surg 2020;14(1):21-27. doi: 10.1007/s11701-019-00926-1 [published Online First: 20190128]

Bertolo R, Garisto J, Dagenais J, et al. Single Session of Robotic Human Cadaver Training: The
Immediate Impact on Urology Residents in a Teaching Hospital. J Laparoendosc Adv Surg
Tech A 2018;28(10):1157-62. doi: 10.1089/lap.2018.0109 [published Online First: 20180430]

Hoogenes J, Wong N, Al-Harbi B, et al. A Randomized Comparison of 2 Robotic Virtual Reality
Simulators and Evaluation of Trainees' Skills Transfer to a Simulated Robotic Urethrovesical
Anastomosis Task. Urology 2018;111:110-15. doi: 10.1016/j.urology.2017.09.023 [published
Online First: 20171018]

Monda SM, Weese JR, Anderson BG, et al. Development and Validity of a Silicone Renal Tumor
Model for Robotic Partial Nephrectomy Training. Urology 2018;114:114-20. doi:
10.1016/j.urology.2018.01.030 [published Online First: 20180205]

Cacciamani G, De Marco V, Siracusano S, et al. A new training model for robot-assisted
urethrovesical anastomosis and posterior muscle-fascial reconstruction: the Verona training
technique. J Robot Surg 2017;11(2):123-28. doi: 10.1007/s11701-016-0626-4 [published
Online First: 20160720]

Ahmadi H, Liu JJ. 3-D Imaging and Simulation for Nephron Sparing Surgical Training. Curr Urol
Rep 2016;17(8):58. doi: 10.1007/s11934-016-0614-2

Waters PS, Flynn J, Larach JT, et al. Fellowship training in robotic colorectal surgery within the
current hospital setting: an achievable goal? ANZ J Surg 2021;91(11):2337-44. doi:
10.1111/ans.16677 [published Online First: 20210315]

Krause W, Bird J. Training robotic community surgeons: our experience implementing a robotics
curriculum at a rural community general surgery ftraining program. J Robot Surg
2019;13(3):385-89. doi: 10.1007/s11701-018-0860-z [published Online First: 20180807]

Moit H, Dwyer A, De Sutter M, et al. A Standardized Robotic Training Curriculum in a General
Surgery Program. Jsls 2019;23(4) doi: 10.4293/jsls.2019.00045

Panteleimonitis S, Popeskou S, Aradaib M, et al. Implementation of robotic rectal surgery training
programme: importance of standardisation and structured training. Langenbecks Arch Surg
2018;403(6):749-60. doi: 10.1007/s00423-018-1690-1 [published Online First: 20180620]

Winder JS, Juza RM, Sasaki J, et al. Implementing a robotics curriculum at an academic general
surgery training program: our initial experience. J Robot Surg 2016;10(3):209-13. doi:
10.1007/s11701-016-0569-9 [published Online First: 20160319]

RACS — Robot-assisted surgery: Scoping report



128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Crawford DL, Dwyer AM. Evolution and literature review of robotic general surgery resident training
2002-2018. Updates Surg 2018;70(3):363-68. doi: 10.1007/s13304-018-0573-x [published
Online First: 20180727]

GMC-UK. The intercollegiate surgical curriculum: General Surgery 2018 [Available from:
https://www.gmc-uk.org/-
/media/documents/General Surgery inc. Trauma_TIG approved Jul 17 .pdf 72509288.p
df accessed 16 December 2021.

ESSO. Core Curriculum 2013 [Available from: htips://www.essoweb.org/media/documents/core-
curriculum.pdf accessed 15 December 2021.

ESSO. The value of surgical oncology in the management of cancer patients 2020 [Available from:
https://www.essoweb.org/media/documents/value-of-surgical-oncology.pdf ~ accessed 15
December 2021.

Eardley NJ, Matzel KE, Gémez Ruiz M, et al. European Society of Coloproctology Colorectal
Robotic Surgery Training for the Trainers Course - the first pilot experience. Colorectal Dis
2020;22(11):1741-48. doi: 10.1111/codi.15265 [published Online First: 20200812]

Gomez Ruiz M, Alfieri S, Becker T, et al. Expert consensus on a train-the-trainer curriculum for
robotic colorectal surgery. Colorectal Dis 2019;21(8):903-08. doi: 10.1111/codi. 14637
[published Online First: 20190518]

Aradaib M, Neary P, Hafeez A, et al. Safe adoption of robotic colorectal surgery using structured
training: early Irish experience. J Robot Surg 2019;13(5):657-62. doi: 10.1007/s11701-018-
00911-0 [published Online First: 20181210]

Formisano G, Esposito S, Coratti F, et al. Structured training program in colorectal surgery: the
robotic surgeon as a new paradigm. Minerva Chir 2019;74(2):170-75. doi: 10.23736/s0026-
4733.18.07951-8 [published Online First: 20181121]

Latif EA, Yousif M, Khawar M, et al. Modular approach to robotic total mesorectal excision for
trainees - a video vignette. Colorectal Dis 2021;23(6):1607-08. doi: 10.1111/codi.15650
[published Online First: 20210409]

AlJamal YN, Baloul MS, Mathis KL, et al. Evaluating Non-operative Robotic Skills in Colorectal
Surgical Training. J Surg Res 2021;260:391-98. doi: 10.1016/j.jss.2020.11.007 [published
Online First: 20201128]

de Rooij T, van Hilst J, Boerma D, et al. Impact of a Nationwide Training Program in Minimally
Invasive Distal Pancreatectomy (LAELAPS). Ann Surg 2016;264(5):754-62. doi:
10.1097/s1a.0000000000001888

Gomez Ruiz M, Tou S, Matzel KE. Setting a benchmark in surgical training - robotic training under
the European School of Coloproctology, ESCP. Colorectal Dis 2019;21(4):489-90. doi:
10.1111/codi.14592 [published Online First: 20190311]

Martin R, Hsu J, Soliman MK, et al. Incorporating a Detailed Case Log System to Standardize
Robotic Colon and Rectal Surgery Resident Training and Performance Evaluation. J Surg Educ
2019;76(4):1022-29. doi: 10.1016/j.jsurg.2018.12.011 [published Online First: 20190119]

Petz W, Spinoglio G, Choi GS, et al. Structured training and competence assessment in colorectal
robotic surgery. Results of a consensus experts round table. Int J Med Robot 2016;12(4):634-
41. doi: 10.1002/rcs.1731 [published Online First: 20160125]

Bolger JC, Broe MP, Zarog MA, et al. Initial experience with a dual-console robotic-assisted
platform for training in colorectal surgery. Tech Coloproctol 2017;21(9):721-27. doi:
10.1007/s10151-017-1687-8 [published Online First: 20170919]

Fleming CA, Westby D, Ullah MF, et al. A review of clinical and oncological outcomes following
the introduction of the first robotic colorectal surgery programme to a university teaching
hospital in Ireland using a dual console training platform. J Robot Surg 2020;14(6):889-96. doi:
10.1007/s11701-020-01073-8 [published Online First: 20200330]

Louis V, Chih-Sheng L, Chevallier D, et al. A porcine model for robotic training harvest of the rectus
abdominis muscle. Ann Chir Plast Esthet 2018;63(2):113-16. doi:
10.1016/j.anplas.2017.11.010 [published Online First: 20171226]

RACS — Robot-assisted surgery: Scoping report

44



45

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

von Rundstedt FC, Aghazadeh MA, Scovell J, et al. Validation of a Simulation-training Model for
Robotic Intracorporeal Bowel Anastomosis Using a Step-by-step Technique. Urology
2018;120:125-30. doi: 10.1016/j.urology.2018.07.035 [published Online First: 20180806]

Wei F, Xu M, Lai X, et al. Three-dimensional printed dry lab training models to simulate robotic-
assisted pancreaticojejunostomy. ANZ J Surg 2019;89(12):1631-35. doi: 10.1111/ans.15544
[published Online First: 20191106]

Ghazanfar S, Qureshi S, Zubair M, et al. Is laparoscopic experience helpful in simulator based
robotic training in general surgery? J Pak Med Assoc 2021;71(9):2198-202. doi:
10.47391/jpma.05-779

Sanchez A, Rodriguez O, Jara G, et al. Robot-assisted surgery and incisional hernia: a
comparative study of ergonomics in a training model. J Robot Surg 2018;12(3):523-27. doi:
10.1007/s11701-017-0777-y [published Online First: 20180104]

Wijsman PJM, Molenaar L, Van't Hullenaar CDP, et al. Ergonomics in handheld and robot-assisted
camera control: a randomized controlled trial. Surg Endosc 2019;33(12):3919-25. doi:
10.1007/s00464-019-06678-1 [published Online First: 20190211]

Chan KS, Wang ZK, Syn N, et al. Learning curve of laparoscopic and robotic pancreas resections:
a systematic review. Surgery 2021;170(1):194-206. doi: 10.1016/j.surg.2020.11.046 [published
Online First: 20210202]

Gachabayov M, You K, Kim SH, et al. Meta-Analysis of the Impact of the Learning Curve in Robotic
Rectal Cancer Surgery on Histopathologic Outcomes. Surg Technol Int 2019;34:139-55.

Symer MM, Sedrakyan A, Yeo HL. Case Sequence Analysis of the Robotic Colorectal Resection
Learning Curve. Dis Colon Rectum 2019;62(9):1071-78. doi: 10.1097/dcr.0000000000001437

BAUS. What Role Should Simulation Play In The Selection And Training of Urologists? 2016
[Available from:
https://www.baus.org.uk/ userfiles/pages/files/professionals/education/medical%20students/2
016%20George%20Miller%20-%20King s%20College.pdf accessed 9 December 2021.

BIARGS. List of gynaecology robotic surgeons 2021 [Available from: https://biargs.org.uk/list-of-
gynaecology-robotic-surgeons/ accessed 9 December 2021.

RACS. Pickard Robotic Training Grant 2021 [Available from:
https://www.surgeons.org/Resources/member-benefits/lifelong-learning/scholarships-and-
grants-program/all-scholarships-and-grants/pickard-robotic-training-grant accessed 9
December 2021.

NSWHealth. Draft Scope of Clinical Practice — Gynaecological Oncology 2021 [Available from:
https://ranzcog.edu.au/RANZCOG SITE/media/RANZCOG-MEDIA/News/Draft-Model-
SoCP_Gynaecological-Oncology 1.pdf accessed 9 December 2021.

AOA. Innovations — robots in orthopaedic surgery 2021 [Available from: https://aoa.org.au/for-
patients/celebrating-orthopaedics/innovations---robots-in-orthopaedic-surgery accessed 9
December 2021.

RCPSC. Evidence-based benchmarking in surgical performance: Leveraging the skill-outcome
relationship in procedural assessment 2019 [Available from:
https://www.royalcollege.ca/rcsite/documents/icre/2019 _ICRE_Slides_150.pdf accessed 9
December 2021.

Chen R, Rodrigues Armijo P, Krause C, et al. A comprehensive review of robotic surgery
curriculum and training for residents, fellows, and postgraduate surgical education. Surg
Endosc 2020;34(1):361-67. doi: 10.1007/s00464-019-06775-1 [published Online First:
20190405]

Falconer H. Evaluating robotic surgical courses: structured training matters. J Gynecol Oncol
2021;32(2):e39. doi: 10.3802/jgo.2021.32.e39

Foote JR, Valea FA. Robotic surgical training: Where are we? Gynecol Oncol 2016;143(1):179-
83. doi: 10.1016/j.ygyno.2016.05.031 [published Online First: 20160602]

RACS — Robot-assisted surgery: Scoping report



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

Barros F, Felicio VB, Tabet ACL, et al. Training in robotic surgery: initial experience using the
Brazilian College of Surgeons model. Rev Col Bras Cir 2021;48:€20202969. doi: 10.1590/0100-
6991e-20202969 [published Online First: 20210614]

Brinkman W, de Angst |, Schreuder H, et al. Current training on the basics of robotic surgery in the
Netherlands: Time for a multidisciplinary approach? Surg Endosc 2017;31(1):281-87. doi:
10.1007/s00464-016-4970-2 [published Online First: 20160518]

Abdollah F, Jindal T, Menon M. Surgical Training in the Robotic Surgery Era: The Importance of
Structured Programs. Eur Urol Focus 2017;3(1):117-18. doi: 10.1016/j.euf.2016.05.007
[published Online First: 20160601]

Schlottmann F, Long JM, Brown S, et al. Low confidence levels with the robotic platform among
senior surgical residents: simulation training is needed. J Robot Surg 2019;13(1):155-58. doi:
10.1007/s11701-018-0853-y [published Online First: 20180811]

Tam V, Borrebach J, Dunn SA, et al. Proficiency-based training and credentialing can improve
patient outcomes and decrease cost to a hospital system. Am J Surg 2019;217(4):591-96. doi:
10.1016/j.amjsurg.2018.07.053 [published Online First: 20180803]

Walliczek-Dworschak U, Mandapathil M, Fortsch A, et al. Structured training on the da Vinci Skills
Simulator leads to improvement in technical performance of robotic novices. Clin Otolaryngol
2017;42(1):71-80. doi: 10.1111/coa.12666 [published Online First: 20160515]

Collins JW, Levy J, Stefanidis D, et al. Utilising the Delphi Process to Develop a Proficiency-based
Progression Train-the-trainer Course for Robotic Surgery Training. Eur Urol 2019;75(5):775-
85. doi: 10.1016/j.eururo.2018.12.044 [published Online First: 20190119]

Lightner AL. Implementation of new technology: how to best train the trainers. Colorectal Dis
2019;21(8):865-66. doi: 10.1111/codi.14755

Soomro NA, Hashimoto DA, Porteous AJ, et al. Systematic review of learning curves in robot-
assisted surgery. BJS Open 2020;4(1):27-44. doi: 10.1002/bjs5.50235 [published Online First:
20191129]

Hutchins AR, Manson RJ, Lerebours R, et al. Objective Assessment of the Early Stages of the
Learning Curve for the Senhance Surgical Robotic System. J Surg Educ 2019;76(1):201-14.
doi: 10.1016/j.jsurg.2018.06.026 [published Online First: 20180808]

Kassite |, Bejan-Angoulvant T, Lardy H, et al. A systematic review of the learning curve in robotic
surgery: range and heterogeneity. Surg Endosc 2019;33(2):353-65. doi: 10.1007/s00464-018-
6473-9 [published Online First: 20180928]

Lau JW, Yang T, Toe KK, et al. Can Robots Accelerate the Learning Curve for Surgical Training?
An Analysis of Residents and Medical Students. Ann Acad Med Singap 2018;47(1):29-35.

Wee IJY, Kuo LJ, Ngu JC. A systematic review of the true benefit of robotic surgery: Ergonomics.
Int J Med Robot 2020;16(4):e2113. doi: 10.1002/rcs.2113 [published Online First: 20200506]

Rodriguez C, J. G., Zihni AM, Ohu I, et al. Ergonomic analysis of laparoscopic and robotic surgical
task performance at various experience levels. Surg Endosc 2019;33(6):1938-43. doi:
10.1007/s00464-018-6478-4 [published Online First: 20181022]

Van't Hullenaar CDP, Mertens AC, Ruurda JP, et al. Validation of ergonomic instructions in robot-
assisted surgery simulator training. Surg Endosc 2018;32(5):2533-40. doi: 10.1007/s00464-
017-5959-1 [published Online First: 20171220]

Bresler L, Perez M, Hubert J, et al. Residency training in robotic surgery: The role of simulation. J
Visc Surg 2020;157(3 Suppl 2):S123-s29. doi: 10.1016/j.jviscsurg.2020.03.006 [published
Online First: 20200413]

Thornblade LW, Fong Y. Simulation-Based Training in Robotic Surgery: Contemporary and Future
Methods. J Laparoendosc Adv Surg Tech A 2021;31(5):556-60. doi: 10.1089/lap.2021.0082
[published Online First: 20210408]

Schmidt MW, Képpinger KF, Fan C, et al. Virtual reality simulation in robot-assisted surgery: meta-
analysis of skill transfer and predictability of skill. BJS Open 2021;5(2) doi:
10.1093/bjsopen/zraa066

RACS — Robot-assisted surgery: Scoping report

46



180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195

47

Thomaier L, Orlando M, Abernethy M, et al. Laparoscopic and robotic skills are transferable in a
simulation setting: a randomized controlled trial. Surg Endosc 2017;31(8):3279-85. doi:
10.1007/s00464-016-5359-y [published Online First: 20161206]

Vargas MV, Moawad G, Denny K, et al. Transferability of Virtual Reality, Simulation-Based,
Robotic Suturing Skills to a Live Porcine Model in Novice Surgeons: A Single-Blind Randomized
Controlled Trial. J Minim Invasive Gynecol 2017;24(3):420-25. doi: 10.1016/j.jmig.2016.12.016
[published Online First: 20161224]

Chen J, Cheng N, Cacciamani G, et al. Objective Assessment of Robotic Surgical Technical Skill:
A Systematic Review. J Urol 2019;201(3):461-69. doi: 10.1016/j.juro.2018.06.078

Dubin AK, Smith R, Julian D, et al. A Comparison of Robotic Simulation Performance on Basic
Virtual Reality Skills: Simulator Subjective Versus Objective Assessment Tools. J Minim
Invasive Gynecol 2017;24(7):1184-89. doi: 10.1016/j.jmig.2017.07.019 [published Online First:
20170727]

Polin MR, Siddiqui NY, Comstock BA, et al. Crowdsourcing: a valid alternative to expert evaluation
of robotic surgery skills. Am J Obstet Gynecol 2016;215(5):644.e1-44.e7. doi:
10.1016/j.2jog.2016.06.033 [published Online First: 20160627]

Suh IH, LaGrange CA, Oleynikov D, et al. Evaluating Robotic Surgical Skills Performance Under
Distractive Environment Using Objective and Subjective Measures. Surg Innov 2016;23(1):78-
89. doi: 10.1177/1553350615596637 [published Online First: 20150727]

BIARGS. BIARGS training curriculum 2021 [Available from: https://biargs.org.uk/biargs-training-
curriculum/ accessed 9 December 2021.

BIARGS. Training (in robotic surgeon Gynaecology) 2021 [Available from:
https://biargs.org.uk/training/ accessed 9 December 2021.

BIARGS. Requirements for robotic training centre 2021 [Available from:
https://biargs.org.uk/gynaecology-robotic-centres/ accessed 9 December 2021.

BIARGS. How to become BIARGS registered surgeon (certification) 2021 [Available from:
https://biargs.org.uk/how-to-become-biargs-reqgistered-surgeon-certification/  accessed 9
December 2021.

RCOG. The NHS and training in obstetrics and gynaecology in the UK 2011 [Available from:
https://www.rcog.org.uk/globalassets/documents/courses-exams-and-
events/vrc/materials/delegates/pre-course---the-nhs-and-training-in-obstetrics-and-
gynaecology-in-the-uk.pdf accessed 9 December 2021.

RCPSC. Objectives of Training in the Specialty of Obstetrics and Gynecology 2016 [Available
from: https://www.ualberta.ca/obstetrics-gynecology/media-library/documents/pgme-student-
resources-section/rotations-objectives/objectives-in-training-in-ob-gyne.pdf accessed 9
December 2021.

ACOG. Subspecialties of Ob-Gyn 2021 [Available from: htips://www.acog.org/career-
support/medical-students/medical-student-toolkit/subspecialties-of-ob-gyn accessed 9
December 2021.

ACOG. Committee Opinion: Choosing the Route of Hysterectomy for Benign Disease 2009
[Available from: https://www.acog.org/clinical/clinical-guidance/committee-
opinion/articles/2017/06/choosing-the-route-of-hysterectomy-for-benign-disease accessed 9
December 2021.

ACOG. Committee Opinion: Robot-Assisted Surgery for Noncancerous Gynecologic Conditions
2015 [Available from: https://www.acog.org/clinical/clinical-guidance/committee-
opinion/articles/2020/09/robot-assisted-surgery-for-noncancerous-gynecologic-conditions
accessed 9 December 2021.

. ACOG. Committee Opinion: Guiding Principles for Privileging of Innovative Procedures in
Gynecologic  Surgery 2016 [Available from: https://www.acog.org/clinical/clinical-
guidance/committee-opinion/articles/2016/09/quiding-principles-for-privileging-of-innovative-
procedures-in-gynecologic-surgery accessed 9 December 2021.

RACS — Robot-assisted surgery: Scoping report



196. ACOG. Obstetric Care Consensus: Placenta Accreta Spectrum 2021 [Available from:
https://www.acog.org/clinical/clinical-guidance/obstetric-care-
consensus/articles/2018/12/placenta-accreta-spectrum accessed 9 December 2021.

197. ESGO. Website of the European Society of Gynaecological Oncology 2021 [Available from:
https://www.esgo.org/ accessed 9 December 2021.

198. AHNS. Transoral training curriculum for fellows 2021 [Available from: https://www.ahns.info/ahns-
fellows-tors-application/ accessed 9 December 2021.

199. AHNS. Transoral robotic training curriculum for fellows - letter of support 2021 [Available from:
https://www.ahns.info/ahns-tors-fellow-lor/ accessed 9 December 2021.

200. Gross ND, Holsinger FC, Magnuson JS, et al. Robotics in otolaryngology and head and neck
surgery: Recommendations for training and credentialing: A report of the 2015 AHNS education
committee, AAO-HNS robotic task force and AAO-HNS sleep disorders committee. Head Neck
2016;38 Suppl 1(Suppl 1):E151-8. doi: 10.1002/hed.24207 [published Online First: 20160307]

201. Fastenberg JH, Gibber MJ, Smith RV. Introductory TORS training in an otolaryngology residency
program. J Robot Surg 2018;12(4):617-23. doi: 10.1007/s11701-018-0784-7 [published Online
First: 20180207]

202. Ferris RL, Flamand Y, Holsinger FC, et al. A novel surgeon credentialing and quality assurance
process using transoral surgery for oropharyngeal cancer in ECOG-ACRIN Cancer Research
Group Trial E3311. Oral Oncol 2020;110:104797. doi: 10.1016/j.oraloncology.2020.104797
[published Online First: 20200714]

203. Kingma BF, Hadzijusufovic E, Van der Sluis PC, et al. A structured training pathway to implement
robot-assisted minimally invasive esophagectomy: the learning curve results from a high-
volume center. Dis Esophagus 2020;33(Supplement_2) doi: 10.1093/dote/doaa047

204. Sobel RH, Blanco R, Ha PK, et al. Implementation of a comprehensive competency-based
transoral robotic surgery training curriculum with ex vivo dissection models. Head Neck
2016;38(10):1553-63. doi: 10.1002/hed.24475 [published Online First: 20160506]

205. White J, Sharma A. Development and Assessment of a Transoral Robotic Surgery Curriculum to
Train Otolaryngology Residents. ORL J Otorhinolaryngol Relat Spec 2018;80(2):69-76. doi:
10.1159/000479744 [published Online First: 20180530]

206. AAO-HNS. Position Statement: Surgical Management of Obstructive Sleep Apnea 2021 [Available
from: https://www.entnet.org/resource/position-statement-surgical-management-of-
obstructive-sleep-apnea/ accessed 9 December 2021.

207. AAO-HNS. Position Statement: Midline Glossectomy for OSA 2021 [Available from:
https://www.entnet.org/resource/position-statement-midline-glossectomy-for-osa/ accessed 9
December 2021.

208. ENTUK. Head and Neck Cancer: United Kingdome National Multidisciplinary Guidelines 2016
[Available from:
https://bahno.org.uk/ userfiles/pages/files/ukheadandcancerquidelines2016.pdf accessed 9
December 2021.

209. AAO-HNS. Quick reference guide to TNM Staging of Head and Neck Cancer and Neck Dissection
Classification 2014 [Available from: https://www.entnet.org/wp-
content/uploads/files/NeckDissection_QuickRefGuide highresFINAL.pdf accessed 9
December 2021.

210. AACS. Position Statement: Innovation and Novel Technologies in Orthopaedic Surgery 2020
[Available from: https://www.aaos.org/globalassets/about/position-statements/1185---
innovation-and-novel-technologies-in-orthopaedic-surgery-updated2020.pdf  accessed 9
December 2021.

211. AAOS. Spine: Explore videos in Spine topics, including Cervical, Lumbar, Pediatrics, Thoracic,
Tumors, Complications, and more 2021 [Available from: https://www.aaos.org/videos/areas-of-
interest/spine/ accessed 9 December 2021.

RACS — Robot-assisted surgery: Scoping report

48



212. AAOS. All videos: Knee 2021 [Available from:
https://www.aaos.org/videos/author/?id=VoDuoPdh8 GNdyY1%2B7eE2Hq%3D%3D accessed
9 December 2021.

49 RACS — Robot-assisted surgery: Scoping report



RACS — Robot-assisted surgery: Scoping report 50



‘ Royal Australasian
\N College of Surgeons



