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Abstract

Background: The rapid adoption of robotic surgical systems globally has created a critical gap in training, assessment, and 
certification for visceral and gastrointestinal (GI) surgical trainees. This study, led by the European Association for Endoscopic 
Surgery (EAES), aimed to achieve an international consensus on a structured, platform-agnostic robotic training curriculum for 
GI surgical trainees.

Methods: A 106-item Delphi questionnaire was developed with an international committee of surgical experts, trainees, 
methodologists, and patient representatives. It was disseminated to a multidisciplinary panel of 83 GI robotic surgeons, 
trainees, human factor experts, robotic theatre team members, and industry providers. Two Delphi survey rounds were 
conducted, with a priori consensus standard set at 70% or higher for agreement. A consensus meeting was subsequently held to 
discuss and finalise the items needed for a robotic training curriculum for GI surgery trainees.

Results: Seventy-one (86%) participants from 15 countries completed round one. A total of 82 items (77%) reached consensus and 32 
new items were generated from free-text comments. Seventy of these participants (99%) completed the 56-item round two 
questionnaire, with 36 items (64%) reaching consensus and 5 new items generated. All 143 statements were discussed in the 
meeting and consensus was reached in the following areas: (i) key knowledge requirements of the bedside assistant and 
console surgeon; (ii) training components; (iii) performance assessment; and (iv) certification and supervision.

Conclusion: International surgical experts, trainees, and other key stakeholders reached consensus on the critical components of a 
platform-agnostic robotic training curriculum for GI surgical trainees. This will help shape the future of robotic surgical education 
and certification, promote standardised training practices, and ultimately benefit patient safety and outcomes.
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Introduction
Robotic surgery has rapidly expanded within the field of visceral 
and gastrointestinal (GI) surgery, which comprises disciplines 
including general, upper and lower GI, hepato-pancreato-biliary 
(HPB), endocrine, and bariatric surgery. The adoption of robotics 
has reshaped surgical practice, team dynamics, and the 
educational needs of trainees1–3, driven by improvements in 
ergonomics, enhanced visualisation, and refined dexterity that 
facilitate complex minimally invasive procedures4–6. These 
advantages may potentially improve surgical quality and 
oncological outcomes for certain procedures6–10. Robotic systems 
are established in elective surgical practice globally, and are also 
progressively being introduced within the emergency setting11–14.

However, the integration of robotic surgery has not been 
accompanied by the development of standardised surgical 
training programmes. Current approaches to robotic training 
remain variable across GI surgery, with a lack of standardisation 
in bedside-to-console progression, case-volume expectations, and 
assessment methods2,15. In many hospitals, access to robotic 
platforms can be restricted by cost, system availability, or limited 
faculty expertise, who themselves are required to complete their 
proficiency-gain curve. Furthermore, training often relies on 
industry-led programmes for specialties and sporadic courses and 
individual fellowships for residents rather than structured 
proficiency-based pathways and accreditation16,17. As a result, GI 
surgical residents often report fragmented or insufficient 
exposure to robotic procedures, leading to differences in 
experience and progression to independent practice18,19.

A standardised, competency-based approach to robotic training 
in GI surgery is essential. Structured training curricula have been 
shown to enhance skill acquisition, facilitate progression along the 
learning curve, and provide a robust evidence base for 
credentialing and independent practice20–22. Despite growing 
international experience, there is currently no consensus among 
surgical specialty boards and professional societies on the training, 
assessment, and certification of GI trainees in robotic surgery.

To address these critical gaps, the authors established the 
European Robotic Surgery Consensus (ERSC) group to develop an 
evidence- and consensus-based curriculum for robotic training 
in GI surgery under the auspices of the European Association of 
Endoscopic Surgery (EAES) society in collaboration with its 
affiliated member, the United European Gastroenterology (UEG) 
society. Herein the authors present the consensus process used 
to establish essential elements of a robotic curriculum for GI 
surgical trainees, including learning requisites, training 
components, assessment, and certification requirements to 
progress to independent and safe practice.

Methods
Project management and statement generation
An international project management committee (PMC) and an 
advisory executive committee (EC) established a study protocol 

outlining a structured, multi-stage consensus process23 (Fig. 1). 
The PMC (M.G.F., J.W., M.Y., M.B., S.A.A., H.F.F., N.F.K., C.K.) was 
responsible for the day-to-day management and the EC (F.P., 
M.E., L.H.M., F.M.C., M.F., S.P., F.N., J.K., G.B.H., B.S.) provided 
strategic oversight of the project. The committee members are a 
multidisciplinary group of general, upper GI, HPB, and lower GI 
surgical experts and trainees, educational experts, and 
methodologists (Supplementary file 1).

Members of the PMC and EC held regular meetings to discuss 
and draft statements for the Delphi process using findings from 
the authors’ pan-European survey17 and systematic review of 
multi-specialty robotic training curricula20, as well as existing 
evidence24–29. The full search strategy of the systematic review is 
detailed in Walshaw et al.20. The drafted statements for the 
Delphi process were reviewed and finalised by the entire 
committee and two patient representatives. The statements were 
entered onto the Qualtrics XM software platform30 and tested by 
the committee to check usability and technical functionality.

The first-round questionnaire contained 106 items, which were 
divided into four sections to help compose the GI robotic training 
curriculum: knowledge requirements of the bedside assistant and 
console surgeon (43 items); training components (35 items); 
performance assessment (15 items); and requirements for 
certification and supervision (13 items).

Participant selection
The appropriate selection of a group of experts with a high and 
concordant skill level is critical to promote robustness and data 
validity in Delphi studies31,32. Key stakeholder groups for the 
Delphi panel were agreed upon by the committee and patient 
representatives. Participants were carefully selected on account 
of their expertise within these groups, along with their 
experience and interest in training and education: 
(i) independent, experienced GI surgeons (including general, 
HPB, and upper and lower GI surgeons practising minimally 
invasive and/or robotic surgery); (ii) GI surgical trainees/ 
residents; (iii) the extended robotic theatre team (including 
anaesthetists, scrub nurses, and robotic practitioners); 
(iv) experts in technical skill competency assessment, 
Non-Technical Skills for Surgeons (NOTSS) experts, and 
psychologists; and (v) robotic industry representatives.

Based on observations from previous Delphi studies in the 
literature, the authors targeted a minimum total sample size of 
60 expert participants to take part in the Delphi process31,33–36. 
This sample size has been shown to have high replicability of 
results compared with those of larger sample sizes in Delphi 
studies37. After the publication of the protocol23, the decision 
was made to involve robotic industry representatives in the 
Delphi panel due to their experience in leading robotic training 
programmes and courses. Panel members were invited from 
European countries as well as global industry robotic 
providers. The committee recorded conflicts of interests and 
endeavoured to ensure a broad representation across the 
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stakeholder groups, based on robotic experience and skills, 
demographics, and geographical location. The authors aimed to 
have representation from at least ten European countries and a 
minimum of six representatives within each stakeholder group. 
To ensure equal opportunities for each industry company, the 
authors aimed for a minimum of four industry providers with 
up to three representatives from the same company 
participating in the voting process. This was to mitigate any 
potential conflicts and reinforce the platform-agnostic nature of 
the curriculum, particularly given the current number of robotic 
platforms emerging on the market.

Delphi survey rounds
The Delphi methodology is a structured, iterative process to 
acquire knowledge and opinions from experts on a selected 
topic38,39. It has been widely adopted for establishing guidelines 
and recommendations in the medical and surgical field40–42. 
While a virtual Delphi approach provides participant anonymity, 
which may allow for more open expression of views43,44, it also 
has the potential disadvantage of lacking group interaction for 
consensus building33. For this reason, the authors arranged two 
online questionnaire rounds followed by a hybrid consensus 
meeting enabling members to provide further clarification on 
specific issues and present arguments to justify their viewpoints.

The two rounds of the Delphi survey were conducted using the 
Qualtrics XM software, with a demographics questionnaire in 
round one. Participants were e-mailed a website link prompting 
them to complete the Delphi survey. Members of the Delphi 
panel provided their responses to each item using a Likert scale 
following the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) 9-point scale34–36,45: 1–3  
= of limited importance (item should not be included in the 
robotic training curriculum); 4–6 = important but not critical 
(item should be discussed in the consensus meeting); and 7–9 =  
important and critical (item should be included in the robotic 
training curriculum). A ‘do not know’ option was included for 
participants who did not feel qualified to rank any specific item. 
The panel had the opportunity to suggest additional statements 
or modifications to the statements in free-text fields.

Each round was open for approximately 4 weeks. Responses were 
analysed and summarized by the PMC between each round, and the 
following consensus definitions36,45 were used: consensus for 
inclusion: ≥70% participants scoring 7–9 and <15% participants 
scoring 1–3; consensus for exclusion: ≥70% participants scoring 1– 
3 and <15% participants scoring 7–9; and no consensus for 
inclusion or exclusion: failure to achieve either of the above.

Consensus meeting
The overall aim of the hybrid consensus meeting was to discuss 
and agree on the final statements needed for a robotic training 
curriculum for GI trainees. The meeting was held over one full 
day at the Hammersmith Hospital Campus, Imperial College 
London (London, UK). Committee members and stakeholder 
group representatives were invited to participate in the 
consensus meeting, with a maximum target of 30 participants in 
total, as larger meetings can limit interaction among 
participants46. The committee selected participants for the 
meeting from those who registered their interest based on: their 
ability to attend the meeting on proposed dates and times; and 
the requirement to have an international multidisciplinary 
group of stakeholders.

Before the consensus meeting, all participants were sent the 
meeting agenda, participant list, summary of the survey and 
systematic review findings, and the results of the Delphi survey 
rounds via e-mail. The consensus meeting itself intended to: 
(i) ratify inclusion of all items that reached consensus in the 
Delphi survey; (ii) discuss and anonymously vote (on Qualtrics 
XM) for inclusion (≥70% voting to include or exclude) of items 
that had not reached consensus; and (iii) discuss merging and 
wording of all items in the final curriculum45–47. The meeting 
was facilitated by an independent chair (P.B., a Professor in 
Human Factors) and a co-chair (M.G.F., a GI surgical trainee). 
The chair provided a structured interaction among participants 
to ensure all members had equal opportunities to contribute 
throughout the meeting. The importance of developing an 
international, feasible, platform-agnostic curriculum that 
included only critical statements were emphasised to 
participants during the meeting. Items that were 
platform-specific but considered critical were discussed for 
inclusion. Discussion of items during the meeting was audio 
recorded (with participant verbal consent) to facilitate 
comprehensive minutes and maintain a record of decisions 
made. Dissemination and implementation strategies, along with 
future evaluation of developed outputs, were also discussed. 
After the Delphi process, the curriculum phases and key 
components were finalised by the committee and members of 
the study group.

Statistical analysis
Only fully completed responses from round one and two of the 
survey were included in the analysis. Descriptive statistics were 
applied to summarize participant demographics and responses 

Stage 1:
Establishment of

committee

Stage 2:
Systematic review of

robotic training curricula

Stage 3:
Pan-European robotic

training survey

Stage 4:
International Delphi

process

Stage 5:
Dissemination and

implementation strategy

Multidisciplinary international
committee of surgical
experts, trainees,
methodologists, and
educationalists

Registration of study
protocol

Studies reporting on
single-specialty and
multispecialty robotic
training curricula n = 66

Evaluation of curriculum
components, assessment
methods, and validity

1045 complete responses
from 38 different countries

Responses from:
experienced GI surgeons;
trainees with and without
robotic access; and robotic
industry representatives

Statement generation by
committee and patient
representatives

Two Delphi survey rounds
followed by consensus
meeting to develop ERSC
curriculum

Peer-reviewed publications,
presentations, webinars, and
social media

Integration of curriculum into
societal courses and exams

Implementation across
surgical programmes and
evaluation of impact of
curriculum

Fig. 1 Five key stages for developing the ERSC robotic training curriculum for GI and visceral surgery trainees  

ERSC, European Robotic Surgery Consensus; GI, gastrointestinal.
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across each round. The percentage of participants that rated an 
item with a score of 1–9 using the GRADE 9-point scale was 
calculated. All analyses were performed using SPSS® (IBM, 
Armonk, NY, USA; version 28.0).

Ethical approval
This Delphi consensus study was conducted in accordance with 
the guidelines of the authors’ institutional research ethics 
committee. For this type of study, ethical approval is not 
required (waiver letter obtained). Informed consent was 
obtained from all participants of the Delphi process.

Results
Demographics of participants
Eighty-three participants were invited to take part in round one 
of the Delphi process, with 71 participants (86%) completing all 
components (Table 1). Respondents were from 15 countries, 
with the top 6 contributing countries being the UK (n = 25, 
35%), Italy (n = 16, 23%), Spain (n = 8, 11%), the Netherlands (n 
= 4, 6%), Germany (n = 3, 4%), and Greece (n = 3, 4%). Five 
industry providers participated: Asensus Surgical (Durham, NC, 
USA); CMR Surgical (Cambridge, UK); Intuitive Surgical 
(Sunnyvale, CA, USA); Medtronic (Minneapolis, MN, USA); and 
Surgical Science (Gothenburg, Sweden). The full Delphi 
participant list is shown in Supplementary file 2. A total of 28 
participants attended the consensus meeting. This comprised 8 
committee members, who were all experienced GI surgeons; 
and 20 stakeholders from the ERSC Study Group, 
including experienced GI surgeons (n = 3), trainees (n = 6), 
theatre team staff (n = 4), NOTSS experts andpsychologists (n = 
2), robotic industry providers (n = 4), and a patient 
representative.

Overview of Delphi process
In round one, 82 items (77%) from 106 items reached consensus, 
with 32 new items generated (Fig. 2). Seventy of the 71 
respondents (99%) subsequently completed all components of 
the second round. In this round, 56 items (24 items that did not 
reach consensus and 32 new items in round 1) were presented 
with 36 items (64%) achieving consensus and five new 
statements were generated. All 143 items (106 initial items and 
37 new items from rounds 1 and 2) were discussed and voted on 
during the consensus meeting. After the Delphi process, the 
committee and panel finalized the curriculum components, 
comprising 57 statements spanning key domains based on 
knowledge requirements, training components, performance 
assessment, and certification standards.

Knowledge requirements of the bedside assistant 
and console surgeon trainee
Delphi panellists agreed that preoperative knowledge of the 
theatre room set-up and patient positionining (94%, round 1), 
and draping the robotic system (70%, round 2) were essential 
core skills for both the bedside assistant and console surgeon 
trainee (Table 2). The intraoperative key skills of the bedside 
assistant and console surgeon should include safe entry, 
docking, troubleshooting, inserting and changing robotic 
instruments, tissue handling, emergency undocking, and 
conversion. Additional core skills were identified for the console 
surgeon, including demonstrating control use of the foot pedals 
and hand clutches (99%, round 1), multi-arm control of the 
robotic instruments (96%, round 1), and tissue dissection (97%, 

round 1). Demonstrating suture handling and knot tying was 
also deemed critical for the console surgeon (97%, round 1). 
Non-technical skills, such as situational awareness and team 
communication, were deemed essential for both the bedside 
assistant and console surgeon trainee, with leadership skills 
(96%, round 1), ergonomic awareness (80%, round 2) and time 

Table 1 Demographics of participants who completed round one 
of the Delphi process (n = 71)

Characteristics Values

Age (years)
21–30 1 (1.4)
31–40 22 (31)
41–50 30 (42)
51–60 12 (17)
≥61 6 (9)

Sex
Male 43 (61)
Female 28 (39)

Country (n = 15)
Austria 1 (1.4)
Cyprus 1 (1.4)
Denmark 1 (1.4)
France 2 (3)
Germany 3 (4)
Greece 3 (4)
Ireland 1 (1.4)
Italy 16 (23)
Lithuania 1 (1.4)
Netherlands 4 (6)
Romania 1 (1.4)
Spain 8 (11)
Sweden 2 (3)
UK 25 (35)
USA 2 (3)

Stakeholder group
General surgeons 16 (23)
Upper GI and HPB surgeons 15 (21)
Lower GI surgeons 15 (21)
GI surgical trainees/residents 10 (14)
Theatre team members, NOTSS experts, and 

psychologists
7 (10)

Robotic industry representatives 8 (11)
Surgical subspecialty

Bariatric 2 (3)
Emergency and trauma 1 (1.4)
General 16 (23)
HPB 4 (6)
Hernia/abdominal wall 2 (3)
Lower GI 20 (28)
Surgical oncology 1 (1.4)
Upper GI 12 (17)
Other 5 (7)

Hospital type
Public university (teaching) 53 (75)
Public non-university (non-teaching) 3 (4)
Private 3 (4)
Other 4 (6)
Not applicable 8 (11)

Robotic platform
Da Vinci 54 (76)
Hugo 4 (6)
Versius 4 (6)
Senhance 1 (1.4)
Other 3 (4)

Surgeon operative experience
Bedside assisted more than 50 cases 33 (72)
Performed more than 50 cases independently 31 (67)
Performed more than 200 cases independently 19 (41)

Values are n (%). NOTSS, Non-Technical Skills for Surgeons; HPB, hepato- 
pancreato-biliary; GI, gastrointestinal.
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management (80%, round 2) believed to be specific skills essential 
for the console surgeon. The voting scores of the items that 
reached consensus, as well as those that did not, are shown in 
Supplementary file 3.

Training components
E-learning modules were considered critical (82%, round 1) in 
providing theoretical knowledge on robotic consoles set-up and 
troubleshooting (100%, round 1), patient selection and 
preparation (92%, round 1), port placement (97%, round 1), and 
docking (99%, round 1) (Table 3). Demonstrations of common 
robotic procedures (for example gastrectomy, hemicolectomy), 
emergency management, and non-technical skills were also 
deemed essential modules. Non-technical skills may also be 
covered during e-learning through theoretical knowledge 
learning (for example types of leadership styles, safety 
checklists), case studies, and videos of simulated scenarios, 
followed by reflective learning exercises. It was agreed that 
there should be a pass/fail knowledge assessment at the end of 
the e-learning, and that, over time, robotic curricula should be 
detailed and integrated into these modules. Core skills/device 
training on port positioning, docking, emergency conversion, 
and non-technical skills, through team-based scenarios, were 
deemed critical (97%, round 1), along with proficiency-based, 
rather than time-based, virtual reality simulation (83%, round 1).

Dry-lab simulation, ideally using high-fidelity 
three-dimensional (3D) anatomical models (96%, round 2) if 
available, is essential for becoming familiar with robotic 
instruments and energy use for enhancing advanced dissection 
skills. Wet-lab simulation, with either animal or cadaveric 
models, was introduced into the curriculum to develop 
real-tissue handling skills (70%, round 2); however, it was 
acknowledged that trainees may not necessarily be exposed to 
this due to legal restrictions in their country and other ethical 
and practical considerations, such as cost and availability. Dry 
and wet-lab simulation metrics deemed critical included 
completion of tasks (90%, round 1) with associated scores (96%, 
round 1), error rate (87%, round 1), camera control (90%, round 
1), economy of movement in tissue dissection and suturing 

(86%, round 1), and safe energy application (93%, round 1). Time 
spent on a given task (58%, round 1 and 57%, round 2) and the 
number of attempts (63%, round 1 and 61%, round 2) were 
believed to be less important. Although currently 
platform-specific, dual console training was deemed important 
for trainee learning and mentoring (83%, round 1). However, it 
was also acknowledged that access to dual consoles for trainees, 
whether on site or remotely in a telesurgery set-up, may be 
limited by institutional costs and theatre space requirements. 
Alongside simulation training, trainees should be able to 
progress to bedside assisting (89%, round 1) and live case 
observation (94%, round 1).

Performance assessment
When operating on the console, GI surgical trainees should 
capture the number of cases performed for each procedure 
(83%, round 1) and routine clinical outcome data (89%, round 1), 
such as intraoperative48 or postoperative49 complications, 
unplanned conversion rate, and return to theatre (Table 4). 
Recording the number of hours operating on the console and the 
number of key steps of the procedure completed were deemed 
less critical. The technical skills of GI trainees should be 
assessed using a combination of case logs (73%, round 1), global 
rating scales such as Global Evaluative Assessment of Robotic 
Skills (GEARS)50,51 (80%, round 1), procedure-specific tools such 
as Competency Assessment Tools (CATs)52 (83%, round 1), and 
video assessment (87%, round 1). In terms of video assessment, 
the Delphi panel agreed that the key steps of an operative video 
should be assessed (73%, round 2), rather than the full length of 
the video, to ensure feasibility. The video assessment should 
ideally be performed by a minimum of two experts including the 
proctor and a blinded expert (73%, round 2). Another blinded 
expert may be required if there is significant disagreement 
between the two initial experts.

Requirements for certification and supervision
The Delphi panel reached consensus that a trainee should be 
primarily signed off as practically safe and independent by the 
trainer/proctor (93%, round 1). Trainees should demonstrate 

Prior to Delphi process
Delphi round one:

Online survey
Delphi round two:

Online survey
Delphi round three:
Consensus meeting

Post-Delphi

56-items questionnaire with
70 respondents

36-items (64%) achieved
consensus

Participants selected based
on availability and the need to

have a diverse group of
international stakeholders n = 28

Finalization of ERSC
curriculum by committee and

study group

Production of flow diagram and
Excel document of ERSC

curriculum

New items generated n = 5
All items discussed and

voted on during the chaired
meeting n = 143

82 items (77%) achieved
consensus

Stakeholders invited to take
part in Delphi process n = 83

Discussion of implementation
strategies and evaluation of

curriculum impact
New items generated n = 32

Statement generation based on

Knowledge requirements
Training components
Performance assessment
Certification and supervision

106-item questionnaire with
71 respondents

Meeting agenda, participant list
and results of Delphi rounds
one and two shared prior to

meeting

General surgeons n = 16
Upper GI and HPB
surgeons n = 15
Lower GI surgeons n = 15
GI surgical trainees n = 10
Theatre team, NOTSS experts,
and psychologists n = 7
Robotic industry n = 8

Fig. 2 Delphi methodology to reach consensus on the fundamentals of the ERSC robotic training curriculum for GI and visceral surgical trainees 

ERSC, European Robotic Surgery Consensus; GI, gastrointestinal; HPB, hepatopancreatobiliary; NOTSS, Non-Technical Skills for Surgeons.
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stepwise progression in acquiring skills during this training 
process and do so in cases of increasing complexity (85%, round 
1). The completion of a robotic fellowship programme was 

Table 2 Curriculum knowledge requirements of the bedside 
assistant and console surgeon trainee with consensus scores of 
critically important (7–9) in rounds one and two

Item Section 1: Knowledge requirements 
of the bedside assistant and console 

surgeon

Round 
one 

(score 7– 
9), %

Round two 
(score 7–9), 

%

Key skills of the bedside assistant and console surgeon should 
include:

Preoperative:
1 Knowledge of the theatre room 

set-up and patient position
94 –

2 Knowledge of the console and its 
functions

97 –

3 Knowledge of how to drape the 
robotic system

69 70

4 Knowledge of the physiology of 
pneumoperitoneum

89 –

Intraoperative:
5 Be able to perform safe entry of 

trocars, port placement, and 
closure

93 –

6 Be able to dock the robotic system 
safely

90 –

7 Be able to troubleshoot and re-dock 
the robotic system

90 –

8 Be able to insert, change, and 
remove robotic instruments

90 –

9 Be able to appropriately use 
assistant port and maintain a 
clear image

85 –

10 Be able to demonstrate correct 
techniques for tissue handling

97 –

11 Be able to manage intraoperative 
complications (for example 
bleeding)

97 –

12 Be able to convert to laparoscopic/ 
open surgery

97 –

13 Be able to perform planned and 
emergency undocking

97 –

14 Be able to manage collisions/arm 
clashes

– 96

Non-technical skills:
15 Be able to demonstrate situational 

awareness
99 –

16 Be able to demonstrate effective 
communication skills with the 
team

99 –

Additional key skills of the console surgeon should include:
Preoperative:

17 Knowledge of procedure-specific 
port placement

97 –

Intraoperative:
18 Be able to demonstrate master 

manipulator control use of the 
foot pedal and hand clutches 
(including camera control)

99 –

19 Be able to demonstrate multi-arm 
control of the robotic 
instruments

96 –

20 Be able to demonstrate correct 
techniques for tissue dissection

97 –

21 Be able to demonstrate suture 
handling and knot tying

97 –

Non-technical skills:
22 Be able to demonstrate leadership 

skills
96 –

23 Be able to demonstrate ergonomic 
awareness and fatigue 
management

– 80

24 Be able to demonstrate time 
management and pacing

– 80

Table 3 Curriculum components of the GI surgery robotic 
training programme with consensus scores of critically 
important (7–9) in rounds one and two

Item Section 2: Training components Round one 
(score 7–9), 

%

Round two 
(score 7–9), 

%

Key components of a robotic training curriculum for GI surgical 
trainees should include:

25 E-learning modules 82 –
26 Core skills/device training 

(patient and port positioning, 
docking, non-technical skills, 
emergency undocking, and 
conversion)

97 –

27 Virtual reality simulation 
training (proficiency-based 
training including endowrist 
manipulation, camera control, 
and tissue dissection)

83 –

28 Dual console training (where 
applicable)

83 –

29 Dry-lab simulation (high-fidelity 
models), for example 
familiarisation with robotic 
instruments, use of energy 
and haemostasis, advanced 
dissection skills

96 –

30 Wet-lab simulation (animal or 
cadaveric)

66 70

31 Bedside assisting 89 –
32 Live case observation 

(observation of robotic 
operations performed by an 
expert robotic surgeon)

94 –

Robotic e-learning modules for GI surgical trainees should include:
33 Introduction to robotic systems 

and principles of ergonomics
– 93

34 How to set up robotic console 
and troubleshooting

100 –

35 Patient selection and 
preparation

92 –

36 Port placement 97 –
37 Docking 99 –
38 Demonstration of common 

procedures
– 93

939 Emergency management/ 
conversion to open or 
laparoscopy

96 –

40 Knowledge assessment 75 –
Dry and wet lab robotic simulation metrics for GI surgical trainees 

should capture:
41 Completion of tasks 90 –
42 Task scores 96 –
43 Error rate (for example 

instrument clash, loss of 
instrument view)

87 –

44 Proficient camera control 90 –
45 Appropriate use of the third arm 83 –
46 Use of hand and foot controllers 

at the console
94 –

47 Economy of movement in tissue 
dissection and suturing

86 –

48 Safe energy application 93 –
49 Hand-eye coordination 

efficiency
– 90

GI, gastrointestinal.
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Table 4 Performance assessment, certification and supervision requirements of the GI surgery robotic training curriculum with 
consensus scores of critically important (7–9) in rounds one and two

Item Section 3: Performance assessment Round one 
(score 7–9), %

Round two 
(score 7–9), %

When robotic console operating, clinical metrics for GI surgical trainees should capture:
50 Number of procedures performed 83 –
51 Routine clinical outcome data recorded for cases, for example intraoperative and 

postoperative complication rates, return to theatre, readmissions, unplanned conversion 
rate to open or laparoscopy, histopathological outcomes (if applicable)

89 –

Technical skill assessment for GI surgical trainees to progress to independent practice should include:
52 Case logs 73 –
53 Validated objective assessments (for example GEARS) 80 –
54 Procedure-specific objective assessment tools (for example CATs) 83 –
55 Video assessment using objective tools—key steps of operative video assessed by a minimum 

of two experts (for example by proctor and a blinded expert)
87 –

Item Section 4: Recommended requirements for certification and supervision Round one 
(score 7–9), %

Round two 
(score 7–9), %

The following are required for robotic platform sign-off for GI surgical trainees:
56 Completion of robotic procedures independently—trainer/proctor should deem the trainee as 

being able to practice independently and safely (for example through the use of objective 
assessment metrics/video assessment and clinical outcome metrics)

93 –

57 Stepwise progression on acquiring skills and demonstrate this in cases of increasing 
complexity

85 –

GI, gastrointestinal; CATs, Competency Assessment Tools; GEARS, Global Evaluative Assessment of Robotic Skills.

Overview of ERSC robotic training curriculum for GI surgical trainees

Theoretical learning and knowledge assessment
Hands-on device training including system set-up, docking/undocking, and troubleshooting
Non-technical skill trainingE-learning

& device
training

Proficiency-based VR simulation
Dry lab with high-fidelity 3D anatomical models
Wet lab with animal or cadaveric modelsSimulation

P
ha

se
 1

P
ha

se
 2

P
ha

se
 3

Bedside assisting
Live case observationBedside

assist & case
observation

Case log of number of procedures performed and routine clinical outcome data
Dual console proctoring (where applicable)Console

operating

Assessment tools and video analysis of key steps of procedure by a minimum of two experts
Completion of procedures of increasing complexity independently and safely with sign-off by
trainer/proctorAssessment

& sign-off

Fig. 3 Overview of the key phases and steps of the proposed ERSC robotic training curriculum for gastrointestinal and visceral surgical trainees  

ERSC, European Robotic Surgery Consensus; GI, gastrointestinal; VR, virtual reality; 3D, three-dimensional.
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deemed desirable but not mandatory in this curriculum (63%, 
round 1 and 66%, round 2), especially due to a lack of available 
robotic fellowships even at an international level.

The long-term impact of the robotic training curriculum can be 
primarily assessed by the number of procedures performed per 
year by a given trainee (80%, round 1) and their related clinical 
outcomes (for example complication rates per year) (86%, round 
1). Overall, the curriculum should lead to a trainee 
demonstrating a gradual reduction in the percentage of assisted 
cases, coinciding with an increase in the percentage of 
performed and trained cases in cases of growing complexity. 
A flow diagram (Fig. 3) and a copy of the phased ERSC robotic 
training curriculum is available on Microsoft Excel 
(Supplementary file 4).

Discussion
This Delphi study proposes an evidence-based, comprehensive 
international framework for a platform-agnostic robotic training 
curriculum for GI surgical trainees, ultimately aiming to 
produce robotic surgeons who can practice independently and 
safely. The proposed ERSC curriculum is unique as it spans all 
stages of training, from novice to bedside assistant and console 
surgeon, and encompasses both technical and non-technical 
skills. Training is delivered through a structured approach, 
incorporating: e-learning for theoretical understanding; 
simulation (virtual, dry, and wet labs) for hands-on practice; 
bedside assisting and live case observation; and supervised 
console operation until expert-assessed sign-off and 
certification. There should be a shift from the subjective 
assessment of trainees to the use of standardised, validated 
objective assessment tools to measure surgical performance. 
Certification can be undertaken by a qualified proctor if the 
trainee demonstrates safe and independent operation.

The Delphi panel agreed on core competencies for the bedside 
assistant and console surgeon, reflecting the complementary 
roles in robotic procedures, with additional competencies 
needed for console surgeons. For example, bedside assistant 
trainees must be proficient in robot set-up, safe docking, 
instrument exchange, troubleshooting, and emergency 
undocking, ensuring patient safety and efficient teamwork. 
Console surgeons are expected to also master advanced 
technical skills including multi-arm instrument control, precise 
tissue handling, and dissection, alongside non-technical skills 
such as leadership and time management. The Delphi process 
affirmed that these role-specific competencies should be 
explicitly addressed in training.

Panellists strongly supported didactic e-learning modules on 
practical topics to ground trainees in the fundamentals of 
robotics. There was also consensus on the need for simulation 
training as a progressive preparatory step before bedside 
assisting and console operating, aligning with prior structured 
curricula22 such as the Fundamentals of Robotic Surgery 
curriculum53 and the European Urology Programme54, both of 
which emphasise proficiency-based progression. The Delphi 
panel agreed on important dry and wet-lab simulation metrics; 
however, it should be acknowledged that further work is 
required to define these metrics and ensure they provide 
discriminatory value in training. Dual console training was 
highlighted by the Delphi panel as an important enabler of 
effective real-time training55–57. However, it should be taken into 
account that dual console training is currently platform-specific 
and can be limited by theatre space and associated costs, and is 

therefore unlikely to be universally accessible for trainees across 
Europe.

A major focus of the consensus was establishing objective 
performance and clinical metrics on patient outcomes for 
assessment and certification. The panel agreed that trainee 
progression should be evaluated using a combination of global 
objective assessment tools and procedure-specific metrics. 
Summative assessments at the end of a defined interval were 
deemed more practical and feasible, rather than continuous 
assessments during training. Structured rating scales, such as 
GEARS50 and procedure-specific CATs52,58, were endorsed to 
provide measures of technical proficiency, complemented by the 
monitoring of clinical metrics, including complications and 
unplanned conversion rates. This mirrors the 
competency-based credentialing models advocated in other 
specialties, where a combination of simulation benchmarks and 
intraoperative performance data is used to sign-off trainees54.

The panel did not reach a consensus on routine full-length 
video assessments by external raters, reflecting an ongoing 
debate about the feasibilityof examiner agreement in 
video-based evaluations. Instead, a more focused approach 
assessing key video segments of an operation with input from 
both a blinded expert reviewer and the trainee’s proctor was 
considered more practical and feasible59,60. It has also been 
shown that there is minimal difference in operative assessment 
when raters used shorter, condensed videos compared with 
full-length videos61. Expert consensus of procedures61,62 can be 
used to define the critical steps of a procedure for video 
assessment. The adoption of artificial intelligence (AI)-based 
video assessment may also be considered in the future, once 
concerns regarding technical robustness, safety, and ethical 
challenges have been addressed. For example, EndoDigest, an AI 
platform, has recently been developed and validated to trim 
full-length videos down to key steps to reliably speed up 
video-based assessments63,64.

Validity and reliability considerations underpinning this Delphi 
process merit discussion. Content validity was built by deriving 
statements from a prior systematic review20 and stakeholder 
survey work17, ensuring grounding in evidence and real-world 
training gaps. The high consensus rates (consensus agreed on 
77% of items in round 1 and 64% of remaining items in round 2) 
suggest face validity among a broad group of key stakeholders 
and experts. However, institutional and legal differences across 
regions may limit transferability. Training requirements and 
credentialing vary internationally; some countries or hospitals 
mandate formal certification or a minimum number of cases, 
while others rely on less structured sign-offs. The consensus 
aims to reflect a primarily European context and 
platform-agnostic curriculum, assuming the feasibility of 
elements such as wet lab training, standardized assessments, 
and dedicated proctoring, which may not be uniformly 
available. Thus, while the consensus provides a strong template, 
local adaptation will be necessary.

For further development of the proposed ERSC curriculum, the 
authors are following Kern’s framework to implement and 
evaluate the effectiveness of the curriculum. The curriculum 
will be integrated within societal courses, international exams, 
and surgical training programmes, following the Laparoscopic 
Colorectal Surgery Training Programme (LAPCO)  model21, in 
collaboration with surgical societies, such as EAES and UEG, and 
industry. Competency level scores will be developed and added 
to the curriculum, and knowledge and skill acquisition of 
participants will be assessed using pre- and post-curriculum 
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performance. Long-term participant performance after 
curriculum completion can be tracked using operative case 
numbers and outcomes over time. Feedback obtained from 
learners and trainers will also allow for further fine-tuning and 
pedagogical alignment of the curriculum, and the curriculum 
can be updated as necessary.

The successful implementation of the ERSC curriculum will 
require coordinated efforts from training institutions, 
professional bodies, and industry partners. The curriculum’s 
modular nature will lend itself to flexible adoption; training 
centres could integrate the e-learning component into existing 
didactic teaching, utilize available simulators for the 
recommended dry and virtual lab sessions, and collaborate with 
regional labs or industry courses to provide a wet-lab 
experience. Incorporating bedside assisting and, where feasible, 
dual console cases as important components will require 
scheduling trainees in those roles, which may impact operative 
workflow. Institutions could address this by establishing formal 
robotic mentorship programmes where an experienced robotic 
surgeon (or a team of mentors) is accountable for guiding 
trainees through the bedside-to-console progression. 
Train-the-trainer programmes may be necessary to familiarize 
mentors with curriculum expectations and assessment tools, 
ensuring evaluations remain calibrated and fair across different 
sites65. Moreover, incorporating the curriculum into existing 
surgical training timelines will necessitate acknowledging that 
robotic training is now an integral part of GI surgery education, 
warranting dedicated time and resources. Future 
implementation should involve the wider multidisciplinary 
team, with surgical assistants, scrub nurses, and anaesthetists 
included in training to strengthen teamwork, safety, and 
efficiency.

Despite the robust methodological process adopted, several 
limitations must be acknowledged. A relatively large proportion 
of the Delphi panel was from the UK (35%), Italy (23%), and 
Spain (11%), with limited representation from Eastern and 
Northern Europe. This could reduce the generalizability to 
settings with different case volumes, infrastructure, or access 
to robotic platforms. Limited participation from low- and 
middle-income countries may mean that perspectives on 
implementing training in resource-limited settings have been 
under-represented. In addition, there is potential response and 
selection bias, as the panel largely consisted of early adopters 
and robotic enthusiasts, many of whom had performed more 
than 50 independent robotic cases. This may have introduced 
bias towards more intensive training requirements and 
optimistic assumptions about resource availability. The 
authors attempted to mitigate this by including a range of 
stakeholder roles and by allowing open discussion and 
justification during the consensus meeting. Furthermore, 
Delphi studies often rely purely on expert opinion to generate 
findings and in some cases specific statements may be best 
addressed through other approaches, such as a systematic 
review of research evidence.

The authors have set out to develop a robotic training 
curriculum for GI surgical trainees broadly, without 
stratification by subspecialty. This broad applicability is a 
strength but may obscure nuanced subspecialty differences. For 
example, the new European coloproctology guideline for robotic 
training emphasizes steps specific to colorectal resections, such 
as total mesorectal excision, as key competencies for 
certification27. The authors present a foundational framework 
that can be augmented by specialty or national boards with 

procedure-specific requirements as needed. Overall, the 
consensus aligns with the direction of recent multi-specialty 
frameworks, such as the Orsi Consensus Meeting on European 
Robotic Training66, which identified common training needs, 
while adding curriculum content specific to GI surgery. In 
particular, the panel emphasized that non-technical skill 
training, team-based aspects, and stepwise certification 
requirements adds an important dimension to curricula, 
complementing the technical skill focus of earlier programmes.

In summary, this Delphi-based consensus provides the 
foundational framework for an international, platform-agnostic 
curriculum for GI surgical trainees in robotic surgery. It specifies 
the skills to be learned, the methods of acquisition, and the 
approaches to competency assessment and certification, 
providing a framework to standardize training and improve the 
quality of robotic surgical education. A rigorous, 
evidence-informed consensus process supports the validity of 
the authors’ recommendations. By addressing both technical 
and non-technical competencies, and outlining a structured yet 
flexible learning pathway, the proposed curriculum components 
can help synchronize robotic training across diverse training 
programmes, and can be further adapted for dedicated 
subspecialty training. Future efforts should focus on piloting 
this curriculum framework in real-world settings, evaluating its 
impact on trainee performance and confidence, and patient 
outcomes, with further refinement based on those insights. 
With continual updates as technology and techniques evolve, 
and potential expansion to other regions, the curriculum can 
serve as a foundation for credentialing models, ensuring that 
the next generation of GI surgeons is safely and proficiently 
prepared to operate with robotic technology, ultimately 
improving patient outcomes.

Collaborators
General surgeons: Nicola de Angelis, Paolo Bianchi, Alexander 
Bloemendaal, Diego Cuccurullo, Sofia Esposito, Gianmaria 
Casoni Patticini, Micaela Piccoli, Mauro Podda, Elisa Reitano, 
María Rita Rodríguez Luna, Ernesto Tartaglia, Victor Tomulescu, 
and Martin Wagner. Upper GI/HPB surgeons: Altaf Awan, Mark 
van Berge Henegouwen, Imran Bhatti, David Chan, Sonia 
Fernández-Ananin, Giovanni Maria Garbarino, Peter 
Grimminger, Benedetto Ielpo, Magnus Nilsson, Bijendra Patel, 
Alice Tsai, Christoph Tschuor, Gemma Vellalta, and Ramon 
Villalonga. Colorectal surgeons: Manish Chand, Audrius Dulskas, 
Antonio D’Urso, Nicola Eardley, Eloy Espin-Basany, Giampaolo 
Formisano, Nikolaos Gouvas, Rosa Maria Jiménez-Rodríguez, 
Michail Klimovskij, Gianluca Pellino, Thalia Petropoulou, Wanda 
Petz, Kapil Sahnan and Theodosopoulos Theodosis. GI trainees: 
Ademola Adeyeye, Asma Afzal, Daniel Campioni-Norman, Bibek 
Das, Michael Devine, Lachlan Dick, Dolores Krauss, Gita Lingam, 
Pietro Mascagni, Tamsin Morrison, and Munir Tarazi. Robotic 
theatre team and human factor experts: Alexandra Aye Ivanuta, 
Peter A Brennan, Michael Eichlseder, Samantha Evans, Neli 
Harvey, Ronalyn Hosena, Hannah Kettley-Linsell, Stella 
Mavroveli, Freideriki Sifaki, Tayana Soukup, and Madeleine 
Wells. Industry representatives: Lakshmi Balasubramanian 
(Intuitive Surgical), Niall Fahy (Medtronic), Harald Ginterstorfer 
(Intuitive Surgical), Elizabeth Jones (Medtronic), Sara Lazzaretti 
(Asensus Surgical), David Marante (Intuitive Surgical), Gregory 
De Martino (Intuitive Surgical), Anders Melander (Surgical 
Science), Shelley Petersen (Intuitive Surgical), James Scott 
(Intuitive Surgical), Mark Slack (CMR Surgical), and Katherine 

Fadel et al. | 9
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/article/113/6/znag054/8711352 by guest on 22 June 2026



Winger (CMR Surgical). Patient and public representatives: Julie 
Hepburn and Pete Wheatstone.

Funding
This work was supported by the European Association for 
Endoscopic Surgery (EAES) Research Sandpit Grant 2023 and by 
French state funds managed by the Agence Nationale de la 
Recherche (ANR) within the ‘Programme d’investissements 
d’avenir’ France 2030 (reference ANR-10-IAHU-02).

Author contributions
Michael G. Fadel (Conceptualization, Data curation, Formal 
analysis, Funding acquisition, Investigation, Methodology, 
Project administration, Resources, Software, Visualization, 
Writing—original draft), Josephine Walshaw (Conceptualization, 
Data curation, Formal analysis, Funding acquisition, Writing— 
original draft), Marina Yiasemidou (Methodology, Writing— 
review & editing), Matthew Boal (Methodology, Writing—review 
& editing), Francesca Pecchini (Data curation, Formal analysis, 
Funding acquisition, Methodology, Writing—review & editing), 
Muhammed Elhadi (Data curation, Formal analysis, Funding 
acquisition, Methodology, Writing—review & editing), Lisa 
H. Massey (Methodology, Project administration, Writing— 
review & editing), Francesco M. Carrano (Methodology, Project 
administration, Writing—review & editing), Matyas Fehervari 
(Writing—review & editing), Caoimhe M. Walsh (Writing— 
review & editing), Piers R. Boshier (Writing—review & editing), 
Jennifer Eckhoff (Writing—review & editing), Peter Buckle 
(Methodology, Project administration, Writing—review & 
editing), Suzanne S. Gisbertz (Writing—review & editing), Nicole 
Bouvy (Writing—reviewing & editing), Alberto Arezzo (Writing— 
review & editing), the European Robotic Surgery Consensus 
(ERSC) Study Group (Methodology, Writing—reviewing & 
editing), Silvana Perretta (Methodology, Project administration, 
Writing—review & editing), Felix Nickel (Methodology, 
Project administration, Writing—review & editing), Jim Khan 
(Methodology, Project administration, Writing—review & 
editing), George B. Hanna (Methodology, Project adminstration, 
Supervision, Writing—reviewing & editing)), Barbara Seeliger 
(Methodology, Project administration, Validation, Writing— 
review & editing), Stavros A. Antoniou (Methodology, Project 
administration, Validation, Writing—review & editing), Hans 
F. Fuchs (Methodology, Project administration, Supervision, 
Validation, Writing—review & editing), Nader K. Francis 
(Conceptualization, Methodology, Project administration, 
Supervision, Validation, Writing—review & editing), and Christos 
Kontovounisios (Conceptualization, Funding acquisition, 
Methodology, Project administration, Supervision, Validation, 
Visualization, Writing—review & editing)

Disclosure
H.F.F. is a member of the advisory board of Medtronic, Stryker 
Corporation, and DistalMotion, and holds an educational grant 
(ESOMAP trial) and teaching courses through EAES with Intuitive 
Surgical. N.B. is a member of the global technology advisory 
board of Medtronic. S.S.G. is a consultant for Medicaroid, 
Johnson & Johnson, and Olympus. B.S. is the recipient of a grant 
from the French National Agency for Research (Agence 
Nationale de la Recherche (ANR)) within the framework of the 
project AI-DIAL (ANR-22-CE17-0019-01, ANR-23-IACL-0004) and 

has a consultant agreement with Intuitive Surgical for the EAES 
robotic courses. The authors declare no other conflict of interest.

Supplementary material
Supplementary material is available at BJS online.

Data availability
The relevant data has been included in the article or uploaded as 
supplementary information. Any additional data is available upon 
reasonable request. 

References
1. Rojas Burbano JC, Ruiz NI, Rojas Burbano GA, Guacho Inca JS, 

Arragan Lezama CA, González MS. Robot-assisted surgery: 
current applications and future trends in general surgery. 
Cureus 2025;17:e82318

2. Sinha A, West A, Vasdev N, Sooriakumaran P, Rane A, Dasgupta 
P et al. Current practises and the future of robotic surgical 
training. Surgeon 2023;21:314–322

3. Ohuchida K. Robotic surgery in gastrointestinal surgery. Cyborg 
Bionic Syst 2020;2020:9724807

4. Herron DM, Marohn M; SAGES-MIRA Robotic Surgery Consensus 
Group. A consensus document on robotic surgery. Surg Endosc 
2008;22:313–325; discussion 311–312

5. Jayne D, Pigazzi A, Marshall H, Croft J, Corrigan N, Copeland J 
et al. Effect of robotic-assisted vs conventional laparoscopic 
surgery on risk of conversion to open laparotomy among 
patients undergoing resection for rectal cancer: the ROLARR 
randomized clinical trial. JAMA 2017;318:1569–1580

6. Bianchi PP, Ceriani C, Locatelli A, Spinoglio G, Zampino MG, 

Sonzogni A et al. Robotic versus laparoscopic total mesorectal 
excision for rectal cancer: a comparative analysis of 
oncological safety and short-term outcomes. Surg Endosc 2010; 
24:2888–2894

7. Feng Q, Yuan W, Li T, Tang B, Jia B, Zhou Y et al. Robotic vs 
laparoscopic surgery for middle and low rectal cancer: the 
REAL randomized clinical trial. JAMA 2025;334:136–148

8. Prete FP, Pezzolla A, Prete F, Testini M, Marzaioli R, Patriti A et al. 
Robotic versus laparoscopic minimally invasive surgery for 
rectal cancer: a systematic review and meta-analysis of 
randomized controlled trials. Ann Surg 2018;267:1034–1046

9. Ielpo B, Caruso R, Quijano Y, Duran H, Diaz E, Fabra I et al. 
Robotic versus laparoscopic rectal resection: is there any real 
difference? A comparative single center study. Int J Med Robot 
2014;10:300–305

10. D’Annibale A, Pernazza G, Monsellato I, Pende V, Lucandri G, 
Mazzocchi P et al. Total mesorectal excision: a comparison of 
oncological and functional outcomes between robotic and 
laparoscopic surgery for rectal cancer. Surg Endosc 2013;27: 
1887–1895

11. Sheetz KH, Claflin J, Dimick JB. Trends in the adoption of robotic 
surgery for common surgical procedures. JAMA Netw Open 2020; 
3:e1918911

12. de’Angelis N, Khan J, Marchegiani F, Bianchi G, Aisoni F, Alberti 
D et al. Robotic surgery in emergency setting: 2021 WSES 
position paper. World J Emerg Surg 2022;17:4

13. Maynou L, Pearson G, McGuire A, Serra-Sastre V. The diffusion 
of robotic surgery: examining technology use in the English 
NHS. Health Policy 2022;126:325–336

10 | BJS, 2026, Vol. 113, No. 6

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/113/6/znag054/8711352 by guest on 22 June 2026

http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znag054#supplementary-data


14. Lam K, Clarke J, Purkayastha S, Kinross JM. Uptake and 

accessibility of surgical robotics in England. Int J Med Robot 
2021;17:1–7

15. Sridhar AN, Briggs TP, Kelly JD, Nathan S. Training in robotic 
surgery—an overview. Curr Urol Rep 2017;18:58

16. Estes SJ, Goldenberg D, Winder JS, Juza RM, Lyn-Sue JR. Best 
practices for robotic surgery programs. JSLS 2017;21: 
e2016.00102

17. Fadel MG, Walshaw J, Pecchini F, Yiasemidou M, Boal M, Elhadi 
M et al. A pan-European survey of robotic training for 
gastrointestinal surgery: European Robotic Surgery Consensus 
(ERSC) initiative. Surg Endosc 2025;39:907–921

18. Fleming CA, Ali O, Clements JM, Hirniak J, King M, Mohan HM 
et al. Surgical trainee experience and opinion of robotic 
surgery in surgical training and vision for the future: a 
snapshot study of pan-specialty surgical trainees. J Robot Surg 
2022;16:1073–1082

19. Lazar DJ, Ferzli GS. Is the robotic revolution stunting surgical 
skills? Surg Open Sci 2024;19:63–65

20. Walshaw J, Fadel MG, Boal M, Yiasemidou M, Elhadi M, Pecchini 
F et al. Essential components and validation of multi-specialty 
robotic surgical training curricula: a systematic review. Int J 
Surg 2025;111:2791–2809

21. Hanna GB, Mackenzie H, Miskovic D, Ni M, Wyles S, Aylin P et al. 
Laparoscopic colorectal surgery outcomes improved after 
national training program (LAPCO) for specialists in England. 
Ann Surg 2022;275:1149–1155

22. Seeliger B, Pavone M, Schröder W, Krüger CM, Bruns CJ, Scambia 
G et al. Skill progress during a dedicated societal robotic surgery 
training curriculum including several robotic surgery platforms. 
Surg Endosc 2024;38:5405–5412

23. Fadel MG, Walshaw J, Pecchini F, Elhadi M, Yiasemidou M, Boal 
M et al. European Robotic Surgery Consensus (ERSC): protocol for 
the development of a consensus in robotic training for 
gastrointestinal surgery trainees. PLoS One 2024;19:e0302648

24. Gómez Ruiz M, Alfieri S, Becker T, Bergmann M, Boggi U, Collins J 
et al. Expert consensus on a train-the-trainer curriculum for 
robotic colorectal surgery. Colorectal Dis 2019;21:903–908

25. Marcus HJ, Ramirez PT, Khan DZ, Layard Horsfall H, Hanrahan 
JG, Williams SC et al. The IDEAL framework for surgical 
robotics: development, comparative evaluation and long-term 
monitoring. Nat Med 2024;30:61–75

26. Fuchs HF, Collins JW, Babic B, DuCoin C, Meireles OR, 
Grimminger PP et al. Robotic-assisted minimally invasive 
esophagectomy (RAMIE) for esophageal cancer training 
curriculum-a worldwide Delphi consensus study. Dis 
Esophagus 2022;35:doab055

27. Tou S, Au S, Clancy C, Clarke S, Collins D, Dixon F et al. European 
Society of Coloproctology guideline on training in robotic 
colorectal surgery (2024). Colorectal Dis 2024;26:776–801

28. Fong Y, Buell JF, Collins J, Martinie J, Bruns C, Tsung A et al. 
Applying the Delphi process for development of a 
hepatopancreaticobiliary robotic surgery training curriculum. 
Surg Endosc 2020;34:4233–4244

29. Hertz P, Houlind K, Jepsen J, Bundgaard L, Jensen P, Friis M et al. 
Identifying curriculum content for a cross-specialty 
robotic-assisted surgery training program: a Delphi study. Surg 
Endosc 2022;36:4786–4794

30. Qualtrics XM computer software, Qualtrics, Provo, UT, USA. 
2024

31. Powell C. The Delphi technique: myths and realities. J Adv Nurs 
2003;41:376–382

32. Seeliger B, Di Lorenzo S, Alesina PF, Brunaud L, Chiapponi C, De 

Crea C et al. Development of an ontology for laparoscopic 
transabdominal adrenalectomy via a comprehensive modified 
Delphi survey and its validation on a multicentric pilot data 
set for surgical training and future video analysis with 
machine learning algorithms. Br J Surg 2024;111:znae148

33. Murphy MK, Black NA, Lamping DL, McKee CM, Sanderson CF, 
Askham J et al. Consensus development methods, and their 
use in clinical guideline development. Health Technol Assess 
1998;2:i–iv, 1–88

34. Liu X, Cruz Rivera S, Moher D, Calvert MJ, Denniston AK; 
SPIRIT-AI and CONSORT-AI Working Group. Reporting 
guidelines for clinical trial reports for interventions involving 
artificial intelligence: the CONSORT-AI extension. Nat Med 
2020;26:1364–1374

35. Thabane L, Hopewell S, Lancaster GA, Bond CM, Coleman CL, 
Campbell MJ et al. Methods and processes for development of 
a CONSORT extension for reporting pilot randomized 
controlled trials. Pilot Feasibility Stud 2016;2:25

36. Butcher NJ, Monsour A, Mew EJ, Szatmari P, Pierro A, Kelly LE 
et al. Improving outcome reporting in clinical trial reports and 
protocols: study protocol for the Instrument for reporting 
Planned Endpoints in Clinical Trials (InsPECT). Trials 2019;20: 
161

37. Manyara AM, Purvis A, Ciani O, Collins GS, Taylor RS. Sample 
size in multistakeholder Delphi surveys: at what minimum 
sample size do replicability of results stabilize? J Clin Epidemiol 
2024;174:111485

38. Williams PL, Webb C. The Delphi technique: a methodological 
discussion. J Adv Nurs 1994;19:180–186

39. Fink A, Kosecoff J, Chassin M, Brook RH. Consensus methods: 
characteristics and guidelines for use. Am J Public Health 1984; 
74:979–983

40. Vogel C, Zwolinsky S, Griffiths C, Hobbs M, Henderson E, Wilkins 
E. A Delphi study to build consensus on the definition and use of 

big data in obesity research. Int J Obes (Lond) 2019;43:2573–2586
41. Lazarus JV, Romero D, Kopka CJ, Karim SA, Abu-Raddad LJ, 

Almeida G et al. A multinational Delphi consensus to end the 
COVID-19 public health threat. Nature 2022;611:332–345

42. Palter VN, MacRae HM, Grantcharov TP. Development of an 
objective evaluation tool to assess technical skill in 
laparoscopic colorectal surgery: a Delphi methodology. Am J 
Surg 2011;201:251–259

43. Lam K, Iqbal FM, Purkayastha S, Kinross JM. Investigating the 
ethical and data governance issues of artificial intelligence in 
surgery: protocol for a Delphi study. JMIR Res Protoc 2021;10: 
e26552

44. Akins RB, Tolson H, Cole BR. Stability of response characteristics 
of a Delphi panel: application of bootstrap data expansion. BMC 
Med Res Methodol 2005;5:37

45. Dimairo M, Coates E, Pallmann P, Todd S, Julious SA, Jaki T et al. 
Development process of a consensus-driven CONSORT 
extension for randomised trials using an adaptive design. BMC 
Med 2018;16:210

46. Moher D, Schulz KF, Simera I, Altman DG. Guidance for 
developers of health research reporting guidelines. PLoS Med 
2010;7:e1000217

47. Manyara AM, Davies P, Stewart D, Weir CJ, Young A, Butcher NJ 
et al. Protocol for the development of SPIRIT and CONSORT 
extensions for randomised controlled trials with surrogate 
primary endpoints: SPIRIT-SURROGATE and 
CONSORT-SURROGATE. BMJ Open 2022;12:e064304

Fadel et al. | 11
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/article/113/6/znag054/8711352 by guest on 22 June 2026



48. Francis NK, Curtis NJ, Conti JA, Foster JD, Bonjer HJ, Hanna GB 

et al. EAES classification of intraoperative adverse events in 
laparoscopic surgery. Surg Endosc 2018;32:3822–3829

49. Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 2004;240:205–213

50. Aghazadeh MA, Jayaratna IS, Hung AJ, Pan MM, Desai MM, Gill IS 
et al. External validation of Global Evaluative Assessment of 
Robotic Skills (GEARS). Surg Endosc 2015;29:3261–3266

51. Sánchez R, Rodríguez O, Rosciano J, Vegas L, Bond V, Rojas A 
et al. Robotic surgery training: construct validity of Global 
Evaluative Assessment of Robotic Skills (GEARS). J Robot Surg 
2016;10:227–231

52. Ketel MHM, Klarenbeek BR, Eddahchouri Y, Cheong E, Cuesta 
MA, van Daele E et al. A video-based procedure-specific 
competency assessment tool for minimally invasive 
esophagectomy. JAMA Surg 2024;159:297–305

53. Satava RM, Stefanidis D, Levy JS, Smith R, Martin JR, Monfared S 
et al. Proving the effectiveness of the fundamentals of robotic 
surgery (FRS) skills curriculum: a single-blinded, 
multispecialty, multi-institutional randomized control trial. 
Ann Surg 2020;272:384–392

54. Volpe A, Ahmed K, Dasgupta P, Ficarra V, Novara G, van 
der Poel H et al. Pilot validation study of the European 
Association of Urology robotic training curriculum. Eur Urol 
2015;68:292–299

55. Kim SS, Schumacher L, Cooke DT, Servais E, Rice D, Sarkaria I 
et al. The Society of Thoracic Surgeons expert consensus 
statements on a framework for a standardized national 
robotic curriculum for thoracic surgery trainees. Ann Thorac 
Surg 2025;119:719–732

56. Zhao B, Lam J, Hollandsworth HM, Lee AM, Lopez NE, Abbadessa 
B et al. General surgery training in the era of robotic surgery: a 
qualitative analysis of perceptions from resident and 
attending surgeons. Surg Endosc 2020;34:1712–1721

57. Porterfield JR, Podolsky D, Ballecer C, Coker AM, Kudsi OY, Duffy 
AJ et al. Structured resident training in robotic surgery: 

recommendations of the Robotic Surgery Education Working 

Group. J Surg Educ 2024;81:9–16
58. Boal MWE, Anastasiou D, Tesfai F, Ghamrawi W, Mazomenos E, 

Curtis N et al. Evaluation of objective tools and artificial 
intelligence in robotic surgery technical skills assessment: a 
systematic review. Br J Surg 2024;111:znad331

59. Grüter AAJ, Van Lieshout AS, van Oostendorp SE, Henckens SPG, 
Ket JCF, Gisbertz SS et al. Video-based tools for surgical quality 
assessment of technical skills in laparoscopic procedures: a 
systematic review. Surg Endosc 2023;37:4279–4297

60. Pugh CM, Hashimoto DA, Korndorffer JR. The what? How? And 
who? Of video based assessment. Am J Surg 2021;221:13–18

61. Scully RE, Deal SB, Clark MJ, Yang K, Wnuk G, Smink DS et al. 
Concordance between expert and nonexpert ratings of 
condensed video-based trainee operative performance 
assessment. J Surg Educ 2020;77:627–634

62. Miskovic D, Ahmed J, Bissett-Amess R, Gómez Ruiz M, Luca F, 
Jayne D et al. European consensus on the standardization of 
robotic total mesorectal excision for rectal cancer. Colorectal 
Dis 2019;21:270–276

63. Mascagni P, Alapatt D, Urade T, Vardazaryan A, Mutter D, 
Marescaux J et al. A computer vision platform to automatically 
locate critical events in surgical videos: documenting safety in 
laparoscopic cholecystectomy. Ann Surg 2021;274:e93–e95

64. Mascagni P, Alapatt D, Lapergola A, Vardazaryan A, Mazellier JP, 
Dallemagne B et al. Early-stage clinical evaluation of real-time 
artificial intelligence assistance for laparoscopic 
cholecystectomy. Br J Surg 2024;111:znad353

65. Collins JW, Francis N, Haddad F, Coleman M, Stamenkovic S, 
Arora A et al. Digital transformation of robotic surgery train 
the trainer “TTT” courses: training the trainer in technique 
and technology (the 4Ts course). J Robot Surg 2025;19:510

66. Vanlander AE, Mazzone E, Collins JW, Mottrie AM, Rogiers XM, 
van der Poel HG et al. Orsi Consensus Meeting on European 
Robotic Training (OCERT): results from the first multispecialty 

consensus meeting on training in robot-assisted surgery. Eur 
Urol 2020;78:713–716

12 | BJS, 2026, Vol. 113, No. 6

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/113/6/znag054/8711352 by guest on 22 June 2026


	Development of a robotic training curriculum for visceral and gastrointestinal surgical trainees: an international Delphi study
	Introduction
	Methods
	Project management and statement generation
	Participant selection
	Delphi survey rounds
	Consensus meeting
	Statistical analysis
	Ethical approval

	Results
	Demographics of participants
	Overview of Delphi process
	Knowledge requirements of the bedside assistant and console surgeon trainee
	Training components
	Performance assessment
	Requirements for certification and supervision

	Discussion
	Collaborators
	Funding
	Author contributions
	Disclosure
	Supplementary material
	Data availability
	References


