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Introduction and Outline of the Thesis

Introduction
Healthcare is constantly moving towards the improvement of quality of care and 
safety for patients. Increasing attention is being paid to the relocation of complex 
treatments, such as robot assisted surgery, to high-volume centres as it is expected 
to improve the quality of care and increases patient safety due to the increased expo-
sure of surgeon and staff.1–3 In the Netherlands, a move to large high-volume centres 
is seen in some specialties including Urology.4 This change is influenced by recent 
studies linking hospital volumes to surgical outcome.1–3 With the increasing call for 
the formation of high-volume centres in order to improve quality of care the question 
remains whether the higher number of surgeries per hospital or the quality of the 
surgeon influences outcome. There are large variations in postoperative complication 
rates amongst surgeons with similar surgical volumes per centre or even in the same 
centre.5,6 The qualification and certification of surgical skills are still in a preliminary 
phase within all surgical specialties, also in urology. 

The skills of a surgeon assessed by surgical video analysis has been correlated to 
the prevalence of major complications (i.e. readmissions) in the past.7 This initial 
study has sparked a new field of research into surgical skills and the use of surgical 
videos analysis.8–10 In more recent studies, surgical skills have been associated with 
functional outcome.2,6,11 Systematic evaluation of surgical skills, both technical and 
non-technical, is thought possible through video analysis methods. A description of 
the surgical steps in the procedure is needed in order to use the surgical videos for 
the assessment of surgical skills, and detect possible errors for the association with 
adverse outcomes.   

Problem statement
With the increasing number of procedures and the increasing technical difficulty of 
procedures, the current challenge for both novice and expert surgeons is to learn 
how to analyse past performances and subsequently use this as a lesson for the 
future. 

We therefore describe surgical skills needed for robot assisted surgery and its short-
comings, next the educational and training status of novice and experienced robotic 
surgeons, and resume with a list of research questions related to the overall problem 
of how to test robotic skills and the impact of those tests. The methodology of testing 
and evaluation are shortly introduced at the end of the introduction.  
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Surgical Skills in Robot Assisted Surgery
Although laparoscopic surgery has it benefits, it also has its technical challenges. Ex-
amples of these challenges are such as a limited range of motion of the instruments 
and related loss of dexterity, fixed instrument tips, and an inadequate visual field as-
sociated with an unstable camera view.12,13 In order to improve these limitations, new 
methods of minimal invasive surgery were investigated. This resulted in the devel-
opment of so-called robot assisted surgery. The introduction of this technique could 
potentially overcome some of the drawbacks of laparoscopic surgery through the 
improvement of ergonomics and enhanced dexterity with tremor filtration. Even for 
those surgeons transferring from laparoscopy, slow learning curves were described 
based on operating time, complication rates and surgical margins.14,15 The effect of a 
surgeons’ skills during these robots assisted surgeries on the outcome of the surgery 
has sparsely been investigated. 

In many clinics in the United States and Europe, the Robot Assisted Radical Prosta-
tectomy (RARP) has replaced the open radical prostatectomy and laparoscopic radi-
cal prostatectomy. The RARP is a complex and highly specialized operation in which 
the surgical robot is used to remove the prostate. Multiple ports are placed in the 
abdomen to facilitate robotic access to the prostate. Since the removal of the prostate 
leads to the separation of the bladder neck and the urethra a new bladder neck/ure-
thra anastomosis is created. The combination of the removal of the prostate with the 
new anastomosis can lead to severe post-operative incontinence. Due to the relative 
position of the neurovascular bundle to the prostate, erectile dysfunction is another 
common post-operative complication.16–18 

Since the RARP is a video recorded procedure and one of the most performed pro-
cedures in urology, the RARP seems an optimal procedure to develop and validate 
competency assessment. This process could be used as an example for other opera-
tions within and outside the field of urology. 

Even though the RARP surgery could be used for competency assessment it remains 
unclear how this surgical skills analysis using surgical videos should be performed. It 
remains unclear if video analysis is a valid measuring tool to assess the competency 
of expert surgeons. The additional questions are “who should assess the video’s?” 
since it is a time-consuming method of analysis and “how do you define the compe-
tency of a surgeon?” since multiple assessment methods have been developed using 
different levels of detail.
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Basic Proficiency Requirements for Robot assisted surgery
In 2010, the Dutch health care inspectorate (Inspectie Gezondheidszorg en Jeugd, 
IGJ) published a report stating ‘insufficient carefulness at the introduction of surgi-
cal robots. In this report, the IGJ expressed their concern over the lack of clearly 
stated criteria for starting robot–assisted laparoscopy.  It is increasingly accepted by 
the medical community to safeguard a minimal competency level for residents. The 
majority of robot assisted surgeons in the Netherlands agree that the basics in robot-
ic surgery should be incorporated in a structured training program to guarantee the 
quality of the surgeon and the safety of the patient.19

The lack of structured training program and defined skills-criteria results in a train-
ing programme developed by the novice surgeons based on their perceived lack of 
knowledge.20,21 This, by the novice developed, training programme could result in a 
hiatus of knowledge due to overconfidence biases, an over-assessment of skills com-
pared to the objective assessment of skills by an external observer.22 

The lack of defined skills-criteria resulted in a study by the Netherlands institute for 
health services research (NIVEL), commissioned by the Dutch Ministry of Health, 
Welfare and Sport, in collaboration with a number of experts in which the ‘Basic 
proficiency requirements for the safe use of robotic surgery’ were investigated.23. The 
existence of these Basic Proficiency Requirements enables the specific development 
of training curricula for novice surgeons and the structured evaluation surgical skills 
in both novice and expert surgeons. The Basic Proficiency Requirements are a first 
step towards defining surgical skills and in enabling surgical skills assessment for 
both novice and expert surgeons. The question remains how these Basic Proficien-
cy Requirements can be integrated into existing training programs and competency 
assessment methods. 

Surgical Skills in novice surgeons
Different methods of training in robot assisted surgery have been researched.24–28 
These results have been developed into multiple training curricula, some of which 
are implemented by the European Association of Urology Robotic Urology Section 
(ERUS) robotic urology fellowship curriculum, Fundamental Skills of Robotic Surgery 
(FSRS), Fundamentals of Robotic Surgery (FRS) and the Basic Skills Training Curric-
ulum (BSTC). Although these curricula need thorough validation these are promising 
steps in the development of standardized robot surgery curricula.29

A well described and often cited modular training pathway for the laparoscopic pros-
tatectomy is described by Stolzenburg et al.(2005).30 This training pathway neverthe-
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less does not describe an assessment method. Apart from the general intra-operative 
checklist, such as the Objective structured assessment of technical skills (OSATS) 31 
limited assessment tools specific for radical prostatectomy are developed. Recently, 
the validation of the RARP Assessment Score and Learning Curve Assessment was 
published.24 This multi-institutional (Europe, Australia, and United States) observa-
tional prospective study identified the high-risk steps of RARP. A specialist focus 
group enabled validation. Fifteen trainees who underwent European Association of 
Urology robotic surgery curriculum training performed RARP and were assessed by 
mentors using the tool developed. It remains unclear if the combination of standard-
ized robot surgery curriculum with structured feedback using competency assess-
ment methods influence the surgical skills of novice robot assisted surgeons and on 
the long-term influence postoperative outcome of patients. 

Surgical Skills in Expert surgeons
The safety of the patient is not only guaranteed by a proper initial training, there is 
also an increasing demand for the implementation of clinical assessments of sur-
geons. Only limited initiatives have been installed to implement clinical assessment of 
surgeons using surgical videos.32,33 

In order to optimize video assessment, it is primarily important to study the perfor-
mance of the surgeon and focus on critical steps. In general surgery, several studies 
have been published describing assessment of intra-operative performance.34–36 Mul-
tiple standardized surgical skills assessment tools have been developed which could 
be used to investigate whether the differences in surgical skills in experts influence 
postoperative outcomes of the patients.34,37–39 

Surgical skills analysis using surgical videos 
Analysis of past performance is a mandatory component of continues learning in 
many industries, yet still in its infancy in surgical assessment. Systematic evaluation 
of surgical skills, both technical and non-technical, is possible through video analysis 
methods, since laparoscopy and robot assisted surgery offer intraoperative video 
recordings. Post-operative outcomes in surgery could be related to surgical perfor-
mance7,40, review of intraoperative videos allows for detailed analysis and improve-
ment of skills and systems that contribute to patient safety. A detailed description of 
the surgery is needed in order to use the surgical videos for the assessment of surgi-
cal skills and the detection of adverse outcomes. 

In the past, multiple groups have devised a schedule defining the individual steps 
of the RARP.30,37,41 These schedules mostly are used to train new robot surgeons 
or to evaluate the skill of current robot surgeons but no specific schedule has been 
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developed to investigate the link between surgeons’ skills in the RARP as assessed 
on video and post-operative adverse outcomes. Other research has shown that it is 
possible to relate surgical skills in general to post-operative adverse outcomes.7,40,42 
Little research has been done to evaluate the skills of robot surgeons and define 
which parts of the intervention could be related to adverse outcomes, post-operative 
complications, erectly dysfunction, incontinence and lower urinary tract symptoms. 

A recent study into the combination of video data with the movement of the surgi-
cal robot with the dVlogger system led to greater insight into the performance of the 
surgeons and could accurately identify novices and experts.8 These types of surgical 
skills analysis could increase our understanding of the origins of complications and 
help to investigate whether the differences in surgical skills influence postoperative 
outcome.

Non-technical skills analysis
Although the analysis of technical surgical skills in robot assisted surgery can lead 
to major improvements of postoperative outcomes40, the possible influence of 
Non-Technical-Skills (NTS) on postoperative outcomes also merits attention. The 
NTS needed for a successful robot assisted surgery probably differ from the NTS 
needed for open surgery. 

The introduction of the surgical robot has profoundly altered the traditional set-up of 
the operating room, since the scrub nurse and the surgeon are no longer on opposite 
sides of the patient. In robot assisted surgery, the surgeon is located in a separate 
control console for most of the surgical procedure, and thus direct communication 
with the team members could be hampered. It is conceivable that loss of non-verbal 
communication can influence the workflow and therefore the quality of the perfor-
mance including patients’ safety. 

Two systematic reviews have been published concerning studies of  NTS in mini-
mal invasive surgery (i.e. conventional laparoscopy and robot assisted surgery).43,44 
A  wide variety in assessments of NTS was  used which makes comparison of tools 
difficult.43,44

Even though several general assessment methods have been developed for both the 
entire team45–47 and individual team members48–50 the question remains whether these 
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tools can accurately assess NTS in complex robot assisted surgeries such as robot 
assisted radical cystectomy. With the introduction of the Interpersonal and Cognitive 
Assessment for Robotic Surgery (ICARS)51, adaptation to the robot assisted surgical 
setting has started. The question remains whether the introduction of robot assisted 
surgery leads to a change in NTS which could influence the outcome of the surgery. 

Research questions 
In this thesis the following general research question is answered:  1. What are the 
best methods to educate surgeons in robotic surgery? and 2. How can the perfor-
mance of robotic surgeon’s best be assessed? 3. What is the relation between a 
surgeon’s performance and a patient’s postoperative outcomes

These questions will be answered by answering the following research questions in 
11 chapters (figure 1). 

1. Are novice robot surgeons able to accurately self-assess their knowledge and 
dexterity skills? 

2. What is the influence of structured skills training and structured feedback on the 
surgical skills of novice robot assisted surgeons?

3. What are the effects of structured robotic surgery skills training and structured 
feedback?

4. Which technical and non-technical skills factors in robot assisted surgery (com-
petence, teamwork, dedicated OR team, patient factors, environmental factors) 
influence clinical and patient-related outcomes?

5. Is video analysis a valid measuring tool to assess the competence of surgeons?

6. Is it possible to find differences between surgeries that are relevant to the out-
come of the intervention by analysing video material? 

Proefschrift 20230318 met bijlagen.indd   16Proefschrift 20230318 met bijlagen.indd   16 30-03-2023   20:2730-03-2023   20:27
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Methodology 
In this thesis we focus on the training of new surgical skills in novice surgeons and 
the implementation of surgical skills analysis in novice and expert surgeons. 

Different forms of surgical skill analyses were investigated in both novice surgeons 
(surgical skills simulation) and expert surgeons (surgical video analysis). to determine 
which form of analysis is more functional in either group. 

The surgical skills simulation was used to gain insight into the effects of different 
forms of guidance and training on the technical skills of novice surgeons. 

Surgical video analysis in expert surgeons was used to identify if surgical skills 
could be related to postoperative outcome in robot assisted radical prostatectomy 
patients. 

Multiple surveys and a Delphi process were used in the studies represented in this 
thesis to gain insight into the effects of surgical skills training in novice surgeons and 
the opinions of urologist who perform robot assisted surgery on the origins of compli-
cations and the use of postoperative results analysis. 
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Figure 1: Thesis overview
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Outline of the thesis 

The first section of the thesis focusses on surgical training. In this section four chap-
ters will focus on the different aspects of surgical training and evaluation of the short-
term and long-term effects of surgical training. In this section research questions one, 
two and three will be answered in multiple chapters (figure 1). 

In Chapter 2 we investigate research question 1 ‘Are novice robot surgeons able 
to accurately self-assess their knowledge and dexterity skills?’ by investigating the 
ability of novice robot surgeons to assess their own robot assisted surgery skills and 
knowledge of robot assisted surgery. We compare the results of the surgical skills 
simulation exercises to the self-assessment of their own dexterity skills after a one-
day robot assisted surgery training. 

 Chapter 3 investigates research question 2 ‘What is the influence of struc-
tured skills training and structured feedback on the surgical skills of novice robot 
assisted surgeons?’ in order to evaluate the effectiveness of a simulation based sur-
gical skills training in the vesico-urethral anastomosis of the Robot Assisted Radical 
Prostatectomy (RARP) in novice robot surgeons. In order to evaluate the effects of 
expert proctoring or simulation-based training by the simulator on technical skills and 
participant satisfaction. 

 In Chapter 4 research question 2 ‘What is the influence of structured skills 
training and structured feedback on the surgical skills of novice robot assisted sur-
geons?’ and research question 3 ‘What are the effects of structured robotic surgery 
skills training and structured feedback?’are investigated. In this chapter, the results 
of a snap shot survey amongst Dutch residents and recently graduated urologist are 
combined with the results of residents who participated in an advanced course in Ro-
bot Assisted Surgery. This chapter provides valuable insight into the current state of 
robot assisted surgery training and the requirements set by the educators before the 
residents are allowed to take their first steps in robot assisted surgery. In addition, the 
short-term and long-term effect of structured robot assisted surgery training on novice 
robot surgeons was reviewed. 

 Chapter 5 focusses on research question 3 ‘What are the effects of structured 
robotic surgery skills training and structured feedback?’. In this chapter, we evaluate 
the long-term effects of a robot assisted surgery fellowship. The evaluation consisted 
of a questionnaire amongst the participants of a robot assisted surgery fellowship in 
order to investigate the long-term influence of this fellowship on the surgeons work 
and their patient’s outcome. 
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The second section of the thesis focusses on the assessment of the performance 
of robotic surgeons. In this section research questions will be answered in multiple 
chapters (figure 1). 

Chapter 6 focusses on research question 6 ‘Is it possible to find differences be-
tween surgeries that are relevant to the outcome of the intervention by analysing vid-
eo material?’, it describes which aspects of the RARP are of influence in the origin of 
postoperative outcome according to the opinion of RARP experts. The results of this 
Delphi process were used to develop an assessment template which can be used in 
the technical skills assessment of RARP surgery. 

Chapter 7 describes the research protocol for a prospective observational multi-
center study concerning non-technical skills in robot assisted radical cystectomy 
versus open radical cystectomy. This study was designed to evaluate the differences 
in NTS between open and robot assisted surgery. 

In Chapter 8 we review the opinions of surgeons who perform Robot Assisted Rad-
ical Prostatectomy on the influence of postoperative results analysis and surgical 
video review. This study gives insight into the use of surgical video review in daily 
practice which provides insight for further research.

The third section of the thesis focusses on the relation between a surgeon’s perfor-
mance and a patient’s postoperative outcomes. In this section research questions will 
be answered in multiple chapters (figure 1). 

 In Chapter 9 and Chapter 10 research question 4 ‘Which technical and non-tech-
nical skills factors in robot assisted surgery (competence, teamwork, dedicated OR 
team, patient factors, environmental factors) influence clinical and patient-related 
outcomes?’, research question 5 ‘Is video analysis a valid measuring tool to assess 
the competence of surgeons?’ and research question 6 ‘Is it possible to find dif-
ferences between surgeries that are relevant to the outcome of the intervention by 
analysing video material?’ are answered in order to identify which factors of RARP 
using different methods of surgical video assessment influence postoperative out-
come. Different methods of surgical video analysis, including assessment by expert 
surgeons, were used to identify differences in surgical skill and relating them to the 
postoperative outcome of the patient. 
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In Chapter 11 we investigate research question 4 ‘Which technical and non-techni-
cal skills factors in robot assisted surgery (competence, teamwork, dedicated OR 
team, patient factors, environmental factors) influence clinical and patient-related 
outcomes?’, research question 5 ‘Is video analysis a valid measuring tool to assess 
the competence of surgeons?’ and research question 6 ‘Is it possible to find dif-
ferences between surgeries that are relevant to the outcome of the intervention by 
analysing video material?’ by evaluating the use of a video motion tracking system to 
assess surgical movements during robot-assisted radical prostatectomy. The results 
of this surgical movements analyses were compared to the postoperative outcome 
of the patients to asses if this type of analysis could be used to predict postoperative 
outcome. 

Chapter 12 studies research question 4 ‘Which technical and non-technical skills 
factors in robot assisted surgery (competence, teamwork, dedicated OR team, 
patient factors, environmental factors) influence clinical and patient-related out-
comes?’, research question 5 ‘Is video analysis a valid measuring tool to assess the 
competence of surgeons?’ and research question 6 ‘Is it possible to find differences 
between surgeries that are relevant to the outcome of the intervention by analys-
ing video material?’ by investigating the relationship between postoperative urinary 
continence and residual urethra stump measurements in robot assisted radical pros-
tatectomy patients. This chapter describes the comparison of intra-operative meas-
urements of the urethra stump to postoperative outcome of the patients. 

Finally, the findings of the preceding chapters will be summarized and discussed in 
Chapter 13. Moreover, this chapter will report our recommendations, practical impli-
cations, and suggestions for further research. 
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Section I 
What are the best methods 

to educate surgeons 
in robot assisted surgery?
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The value of a 1-day multidisciplinary robot surgery training for novice robot surgeons 

Abstract

Introduction 
To fulfil the need for a basic level of competence in robotic surgery the NIVEL (Neth-
erlands Institute for Healthcare Research) developed the ‘Basic proficiency require-
ments for the safe use of robotic surgery’ (BPR). Based on the BPR a 1-day robotic 
surgery training was organised to answer the following research questions: (1) Are 
novice robot surgeons able to accurately self-assess their knowledge and dexterity 
skills? (2) Is it possible to include the teaching of all BPRs in a 1-day training? 

Materials and methods 
Based on the BPR, a robot surgery course was developed for residents and special-
ists (surgery, gynaecology and urology). In preparation, the participants completed 
an online e-module. The 1-day training consisted of a practical part on robot set-up, a 
theoretical section, and hands-on exercises on virtual reality robot simulators. Multi-
ple online questionnaire was filled out by the participants at the end of the training to 
evaluate the perceived educational value of the course and to self-assess the degree 
to which BPRs were reached. 

Results 
20 participants completed the training during the conference of the Dutch Association 
for Endoscopic Surgery (NVEC) in 2017. Participants indicated nearly all competen-
cy requirements were mastered at the end of the training. The competency require-
ments not mastered were, however, critical requirements for the safe use of the surgi-
cal robot. Skill simulation results show a majority of participants are unable to reach a 
proficient simulation score in basic skill simulation exercises. 

Conclusion 
Results show novice robot surgeons are too positive in the self-assessment of their 
own dexterity skills after a 1-day training. Self-assessment revealed uncertainty of the 
obtained knowledge level on requirements for the safe use of the surgical robot. Ba-
sic courses on robotic training should inform trainees about their results to enhance 
learning and inform them of their competence levels. 
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Introduction
Over the past years, much has changed for robot surgeons. Where the first robot 
surgeons received a short mandatory training in the basics of robotic surgery by the 
manufacturer, the next generation of robot surgeons has the possible advantage of 
a supervisor at their hospital to train them in their specific field of robotic surgery. Not 
all of these new robot surgeons do have access to the manufacturers basic training 
program since they are not necessarily new consumers of a robotic system. This 
could result in a gap in the training of residents and fellows since training of the ba-
sics of robotic surgery is currently not routinely implemented in their curricula. 

In 2010, the Dutch Health Care Inspectorate (IGZ) published a report stating ‘insuf-
ficient carefulness at the introduction of surgical robots’. In this report, the IGZ ex-
pressed its concern regarding robot-assisted laparoscopy. This report stated that in 
most hospitals, the criteria for novice robot-assisted laparoscopy were either vague 
or completely lacking.2,3 The lack of structured training, defined skill-criteria, and a 
systematic training needs analysis results in a personal training programme devel-
oped by the novice surgeons based on their own perceived lack of knowledge.4,5 This 
could result in a hiatus of knowledge due to overconfidence biases, an over-assess-
ment of their own skill compared to the objective assessment of skill by an external 
observer6. 

To clarify criteria for starting robot-assisted surgery, the Netherlands Institute for 
Health Services Research (NIVEL) developed the ‘Basic proficiency requirements 
for the safe use of robotic surgery (BPR).7 As it was developed in co-operation with a 
surgeon, urologist, and a gynaecologist, these requirements transcend each of these 
individual disciplines and provide a guide to ensure each surgeon using a surgical 
robot has the required minimum of knowledge and skill to start preforming robot-as-
sisted surgery.7 

In earlier research, we investigated whether the current specialists think a basic 
training in robot surgery should be developed to guarantee a basic level of skills for 
all new robot surgeons.1 The majority of robot professionals in the Netherlands agree 
that the basics in robotic surgery should be learned in a structured training program 
to guarantee the quality of the surgeon and the safety of the patient. Since basic 
robot training could be similar for the different specialties such as general surgery, 
gynaecology, and urology a multidisciplinary basic robotic skills training could be a 
feasible and effective training method. To safeguard the quality the programme can 
be developed using the proficiency criteria defined by the NIVEL.1 Although several 
authors have investigated the development of a basic training in robotic surgery, no 
actual accepted basic robot surgery training has been implemented yet.8,9 
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In this study, we aim to answer the following research questions (1) Are novice robot 
surgeons able to accurately self-assess their knowledge and dexterity skills? (2) Is 
it possible to include the teaching of all BPRs in a 1-day training? We will answer 
both questions by evaluating the outcomes of a 1-day multidisciplinary robot surgery 
training. 
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Methods 

Participants 
As part of the Dutch Association for Endoscopic Surgery (NVEC) conference of 
March 2017 in Amsterdam a multidisciplinary robot surgery training was organized. 
The training was given 1 day before the conference. Specialists and residents from 
urology, general surgery and gynaecology were invited to participate in the training. A 
total of 20 participants pre-registered for this training. 

Materials 
For this training different types of materials were used to instruct the participants. Pri-
or to the training all participants were invited to complete a specific e-learning module 
(http://www.davincisurgerycommunity.com), to become more familiar with the Intuitive 
Surgical da Vinci Xi robotic system. 

During the training three types of virtual reality simulators (The MIMIC dV-Trainer, 
Intuitive surgical da Vinci skills simulator, and the 3D Systems RobotiX Mentor) were 
used to test the participants’ dexterity skills on the robot surgery system. An Intuitive 
Surgical da Vinci Xi system was used during a hands-on draping and docking train-
Questionnaire 1: Pre-training questionnaire, demographic data
1. What is your profession?
A. Specialist
B. residents

2. What is your specialism
A. Surgery
B. Gynecology
C. Urology

3. How much experience do you have with the da Vinci Robot?
A. Assist during surgery and practice on a simulator
B. only assisting during surgery 
C. only practice on a simulator
D. surgery on a real patient
E. No experience with the da Vinci Robot

4. How many hours did you practice with the simulator or robot exercises?
A. <10 hours
B. 10-20 hours
C. 20-30 hours
D >30 hours

 5. How many hours did you operate on a real patient with the da Vinci Robot?
A. 0 hours
B. 1-10 hours
C. 10-20 hours
E. 20-30 hours
D. >30 hours
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ing, and an interactive presentation was given by an experienced (robot)-anaesthe-
tist. 

During the training multiple questionnaires were filled out by the participant. An online 
Pre-training questionnaire on demographics and prior robot surgery or robot surgery 
simulation experience (questionnaire 1). 

An online BPR questionnaire based on the BPRs developed by NIVEL (see “Ques-
tionnaire 2”). The questionnaire consisted of 37 questions on the participants self-as-
sessed competence of the basic proficiency requirements. This questionnaire was 
used to assess if the participants were prone to accurately assess their own dexterity 
skills compared to the objective assessment of simulator skill (overconfidence bias). 
The questionnaires were developed by a group of urologists and the overall per-
ceived educational value of the training was examined.

Questionnaire 2: questionnaire on basic requirements based on the basic proficiency requirements 
for the safe use of robotic surgery as developed by the NIVEL

1. Do you know the advantages and limitations of using the surgical robot?
A. Yes
B. No 

2. Do you know how the arms are put in position?
A. Yes
B. No 

3. Do you know how the trocars can be connected to the arms?
A. Yes
B. No 

4. Do you know the possibilities and degrees of freedom of the arms?
A. Yes
B. No 

5. Do you know the functionalities of the tower?
A. Yes
B. No 

6. Do you know the functionalities of the robot?
A. Yes
B. No 

7. Do you know the functionalities of the console?
A. Yes
B. No 

8. Do you know how to solve collisions between the arms of the robot?
A. Yes
B. No 

9. Do you know how the check of the poor can be taken over from the console?
A. Yes
B. No 
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Questionnaire 2: continued
10. Do you know how to act if the instruments do not move / respond properly?
A. Yes
B. No 

11. Do you know how the laparoscopic instruments can be inserted correctly under vision?
A. Yes
B. No 

12. Do you know why the instruments need to be searched out of vision with the Camera?
A. Yes
B. No 

13. Do you know what the various icons on the screen mean?
A. Yes
B. No 

14. Do you know how the robot can be safely moved?
A. Yes
B. No 

15. Do you know how the robot can be safely connected?
A. Yes
B. No 

16. Do you know how all articulating instruments can be checked?
A. Yes
B. No 

17. Do you know how the robot is positioned?
A. Yes
B. No 

18. Do you know how the robot is docked?
A. Yes
B. No 

19. Do you know how instruments can be Placed and exchanged?
A. Yes
B. No 

20. Do you know how the number of lives of the instruments can be controlled?
A. Yes
B. No 

21. Do you know how you can take into account in advance that the table cannot be moved after 
docking?
A. Yes
B. No 

22. Do you know how to position the patient in a safe way?
A. Yes
B. No 

23. Do you know how the patient can be fixed?
A. Yes
B. No 

24.Do you know how the face of patients is protected during the procedure?
A. Yes
B. No 
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Questionnaire 2: continued
25. Do you know how the console can be adjusted in terms of ergonomics?
A. Yes
B. No 

26. Do you know how the Camera is operated from the console?
A. Yes
B. No 

27. Do you know how the Camera can be moved and zoomed in and out?
A. Yes
B. No 

28. Do you know how the instruments can be moved?
A. Yes
B. No 

29. Do you know how between arms can be changed?
A. Yes
B. No 

30.Do you know how mono-polar and bipolar coagulation can be activated?
A. Yes
B. No 

31.Do you know what needs to be discussed with the anesthetist specifically in the area of robot 
surgery?
A. Yes
B. No 

32.Do you know how to give good instructions according to the closed-loop principle (because of the 
lack of eye contact and the view of the operator on the patient)?
A. Yes
B. No 

33.Do you know how to convert in an emergency situation?
A. Yes
B. No 

34. Do you know how the robot can be disconnected with the help of an Allen key?
A. Yes
B. No 

35.Do you know where the emergency stop of the robot is?
A. Yes
B. No 

36.Do you know how pressing the emergency stop can be undone?
A. Yes
B. No 

37. Do you know how to deal with power outages?
A. Yes
B. No 

Using a third online questionnaire, the perceived educational value questionnaire 
(see “Questionnaire 3”). All questionnaires were validated using face validity by a 
panel of experts in the field of surgical robotics. 
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During the introduction of the training the participants were informed that all data 
would be analysed anonymously. Informed consent was given by all participants. 
Under Dutch law no ethical review is necessary for this type of study. 

Procedure 
The training consisted of pre-training preparation, a theoretical session, a practical 
session on the robot set-up and a simulation session on virtual reality simulators 
(figure 1)

Figure 1 Program flow diagram

Pre-training preparation 
The pre-training preparation consisted of an e-learning module (http://www.davin-
cisurgerycommunity.com), and basic skills training at the participants’ own hospital. 
The e-learning helped participants to become familiar with the specific robot platform 
and took approximately 2 h to complete. Since research shows at least 10 h of basic 
skills training is needed to become proficient in basic robot surgery skills [10], par-
ticipants were recommended to do at least 10 h of basic skills training in their own 
hospital, on both simulator and dry lab facilities if available.

Questionnaire 3: Questionnaire on educational value of the training

1. If you have to give this training a grade of 1-10? What grade would you give?

2. what could be improved in this training?
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Figure 2. Examples of the simulation exercises; a pick and place exercise, b camera targeting I exer-
cise, c pick and place clutching exercise, d energy and dissection II exercise, e suturing exercise

a b c

d e

Training 
Participants commenced the training by filling out an online Pre-training questionnaire 
(“Questionnaire 1”). 

The first part of the training was a hands-on training using the Intuitive Surgical da 
Vinci Xi system taking 80 min. During this part of the training draping and docking 
and patient positioning were explained with demonstrations and hands-on training. It 
covered requirements of the ‘BPR’ about ‘robot functionalities’, ‘image’ and ‘prepara-
tion7. 

The second part of the training consisted of an interactive presentation was given 
taking 30 min. This presentation dealt with general safety issues and anaesthetic dif-
ficulties, addressed by an (robot)-anaesthesiologist. This part of the training covered 
requirements of the “BPR”7 about ‘communication’, ‘emergency situations’, ‘power 
supply’, and ‘preparation’. 

The third part of the training consisted of Simulation sessions were organized to test 
the participants skill in robot assisted procedures and to test requirements of the 
‘BPR’ about console functionality 7 taking 70 min. During this simulation session, mul-
tiple exercises were performed. Participants were instructed to do their best at these 
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exercises, they were aware this was not an opportunity for training. To include all 
essential robotic skills, exercises were selected based on four categories of essential 
robotic skills (Camera navigation and clutch control, wrist manipulation, needle driv-
ing, and suturing) identified at the fundamentals of robotic surgery (FRS) consortium 
meetings.8 The following exercises were performed by the participants: 

On the MIMIC dV-Trainer:

• Pick and Place exercise (Figure. 2a), this exercise simulates the ability to move the 
arms of the robot.

• Camera Targeting I exercise (Figure. 2b), this exercise simulates the ability to move 
the arms and camera of the robot.

• Pick and Place clutching exercise (Figure. 2c), this exercise simulates the ability to 
move the arms and camera of the robot.

On the Intuitive surgical da Vinci skills simulator

• Energy and Dissection II exercise (Figure. 2d), this exercise simulates the ability to 
move the arms, the camera of the robot, and to used coagulation of blood vessels.

On the 3D Systems RobotiX Mentor

• Suturing exercise (Figure 2e), this exercise simulates the ability to move the arms 
and camera of the robot. 

All exercises resulted in simulator generated performance scores, which were used 
to assess the skills of the participant. These scores were based on a multitude of 
variables, for example, the mastery of the workspace, instrument collisions, economy 
of motion, and use of excessive force. To determine which of the participants passed 
the individual exercises the scores of the MIMIC dV-Trainer were analysed by the 
developer of the simulator.11

The threshold scores used are the same as the regular thresholds for the simulation 
exercises on the MIMIC dV-Trainer system. This means participant passed the exer-
cise if their scores were equal or higher than the median score of data collected from 
more than 100 experienced surgeons with over 75 robotic cases completed.11 Each 
simulator and exercise had its own scale of scores and threshold score to indicate 
proficient comprehension of the exercise. Participants were kept unaware of their 
results of the skill simulation exercises. No reference scores were provided for partici-
pants for the individual skill simulation exercises. 

At the end of the training, the participants were asked to complete an online BPR 
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questionnaire (“Questionnaire 2”) and the perceived educational value questionnaire 
(“Questionnaire 3”). 

Data analysis 
Statistical package for the social sciences (SPSS) version 24 was used for the anal-
ysis. Non-parametric tests were used to compare the difference in simulation scores 
from the first and second attempt at the skill simulation exercises to evaluate pro-
gress of the participants. Correlations between self-assessment scores and simula-
tion scores were calculated using the bivariate correlation tests giving the Pearson 
correlation. The alpha level was set at 0.05. 
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Results 

Participants 
Of the 20 physicians who participated in the multidisciplinary robot surgery training, 
fourteen completed the demographics questionnaire (“Questionnaire 1”), the results 
are shown in Table 1. 
Table 1 Participant characteristics

Characteristics Participants (n=14)
Occupation
Specialists 5
Residents 9
Discipline
Urology 2
General Surgery 9
Gynaecology 3
Robot simulation experience 
<10 hours 11
>30 hours 3
Surgical robot experience
0 hours 6
1-10 hours 6
10-20 hours 1
>30 hours 1

All participants completed the hands-on draping and docking exercises and visited 
the interactive lecture of the robot anaesthesiologist. There was no significant differ-
ence in both simulation and real-life robot experience between residents and special-
ists. Most participants (11/14) did not complete the suggested 10 h of skill simulator 
training as preparation of the multidisciplinary robot surgery training. 

Exercise Attempt, median (min/max) p-value

1 2

Pick and Place 619 (462 – 1125) NA NA
Pick and Place clutch-

ing

461 (183 – 639) 560 (296 – 688) 0.002

Camera Targeting I 512 (219 – 940) 780 (286 – 939) 0.293
Energy dissection 38 (0 – 65) 67 (22 – 83) 0.001
Suture exercise 
Total time to complete 670 (21 – 1257) 292 (24 – 566) 0.002
Needle drops 16 (0 – 30) 9 (0 – 20) 0.016
accurate needle passes 92 (0 – 100) 95 (0 – 100) 0.449

Table 2 Simulation scores per exercise comparing the median scores of the first and second attempt
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All participants had the opportunity to repeat each exercise once to practice the 
tasks. The results of both attempts (Table 5) were compared in order to evaluate pro-
gress (Table 2). 

The Pick and Place exercise (performed on the MIMIC dV-Trainer) provides insight in 
the participants’ ability to move the robot arms. This exercise was performed once as 
a warm up by all participants. Based on the criteria the developer of the simulator set 
for the exercise 8 (44%) of the participants obtained a passing score (Table 3). 

Table 3 Passed results for the MIMIC dV-Trainer simulation exercises

Exercise Attempt 1, n (%) Attempt 2, n (%)
Pick and Place
Pass 8 (44) NA
Pick and Place clutching
Pass 0 (0) 0 (0)
Camera Targeting I
Pass 9 (47) 10 (58)

The Pick and Place clutching exercise (performed on the MIMIC dV-Trainer) provides 
insight into the participants ability to move the arms of the robot. When comparing the 
scores of the first and second attempt (Table 2), the second attempt showed a signif-
icant improvement in the overall score (p = 0.002). Based on the criteria the devel-
oper of the simulator set for the exercise, none of the participants obtained a passing 
simulation score (Table 3). 

The Camera Targeting I exercise (performed on the MIMIC dV-Trainer) provides in-
sight into the participant’s ability to move the arms of the robot and how the camera is 
operated. Based on the criteria the developer of the simulator set for the exercise, 9 
(47%) participants obtained a passing score on the first attempt and 10 (58%) partic-
ipants obtained a passing score on the second attempt (Table 4). When comparing 
the scores of the first and second attempt (Table 2) no significant difference in medi-
an simulation scores were found. 

The Intuitive surgical da Vinci skills simulator was used to perform the Energy and 
Dissection II exercise. The Energy and Dissection II exercise provides insight into 
the participants ability to move the arms, the operation and movement of the cam-
era, and the use of mono-polar and bipolar coagulation. The comparison (Table 2) 
showed a significant improvement in the overall score for the second attempt (p = 
0.001). 

The suturing exercise (performed on the 3D Systems RobotiX Mentor) provides in-
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sight into the participants ability to move the arms of the robot and the operation and 
movement of the camera. For this exercise, results from different variables were an-
alysed. These variables included the total time to complete the exercise, the number 
of needle drops during the exercise, and the percentage of accurate needle passes. 
The total time to complete the exercise showed a significant decrease in the second 
attempt (p = 0.002) (Table 2). The number of needle drops showed a significant de-
crease of needle drops in the second attempt (p = 0.016) (Table 2). 

Questionnaire results 
The BPR questionnaire (“Questionnaire 2”) was based on the ‘BPR’ developed by the 
NIVEL [7]. The questions investigated the participants self-assessed competence in 
each of the basic proficiency requirements at the end of the training. The questions 
can be divided into 7 categories; ‘Robot functionalities’, ‘image’, ‘preparation’, ‘con-
sole functionalities’, ‘communication’, ‘emergency situations’, and ‘power supply’. 

A majority of the participants (71.4%) reported most requirements (32 of the 37 sit-
uations) as mastered (Table 5) The five situations which were reported as not mas-
tered by a large portion of the participants were; how to undo an emergency stop of 
the robot (not mastered by 75% of the participants), how to act in case of a power 
failure (not mastered by 62.5% of the participants), how to check all the articulating 
instruments (not mastered by 56.3% of the participants), the meaning of the different 
icons on the display (not mastered by 43.8% of the participants), and how to take into 
account in advance that the table cannot be moved after docking (not mastered by 

Table 4 correlation between number of mastered requirements and simulation scores, r = Pearson 
correlation, # significant correlation (p<0.05)

Exercise Attempt r (p)
Pick and Place 1 0.35 (0.915)
Pick and Place clutching 1 -0.235 (0.440)

2 -0.169 (0.582)
Camera Targeting I 1 -0.315 (0.294)

2 -0.222, (0.512)
Energy dissection 1 -0.587 (0.097)

2 -0.285 (0.457)
Suture exercise 
Total time to complete 1 -0.707 (0.033)#

2 -0.007 (0.988)
Needle drops 1 -0.456 (0.217)

2 -0.397 (0.330)
accurate needle passes 1 0.085 (0.828)

2 -0.044 (0.918)
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35.7% of the participants). 

All participants responded they mastered the basic proficiency requirements7 (con-
sole functionality) corresponding to the MIMIC dv-Simulator scores. Whilst MIMIC 
dv-Simulator simulation exercises were performed proficiently by 0%, 44% and 58% 
of the participants (in order, Pick and place clutching exercise, Pick and Place exer-
cise, and Camera Targeting exercise). 

In almost all exercises the correlation between number of mastered requirements 
and the simulation scores (Table 4) was lacking. The only significant correlation was 
found in the first attempt of the suture exercise. The total time to complete the exer-
cise was shorter for participants who reported they mastered more requirements. 

The perceived educational value of the multidisciplinary robot surgery training was 
investigated using the perceived educational value questionnaire in “Questionnaire 
3”. The participants graded the training with an 8.19 out of 10. 
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 Table 5 Occupation, specialty, simulation experience, and robot surgery experience, number of 
mastered BPR, and simulation scores per participant # = a proficient overall simulation score. NA 
=not available

Participant 

number

Occupation Specialty Previous 

experience on 

simulator

Previous 

experience on 

surgical robot

Number of 

mastered BPR

1 Specialist Surgery < 10 hours 1-10 hours 36

2 Resident Gynaecology < 10 hours 1-10 hours 32

3 Resident Gynaecology < 10 hours 1-10 hours 34

4 NA NA NA NA NA

5 Resident Surgery < 10 hours 0 hours 26

6 Specialist Surgery < 10 hours 1-10 hours 32

7 Resident Surgery < 10 hours 0 hours 34

8 NA NA NA NA 29

9 Resident Urology > 30 hours 1-10 hours 32

10 Resident Gynaecology < 10 hours 1-10 hours NA

11 Specialist Surgery < 10 hours 0 hours 30

12 Specialist Surgery < 10 hours 0 hours 20

13 Resident Surgery < 10 hours 0 hours 35

14 Resident Urology > 30 hours >30 hours 37

15 Resident Surgery > 30 hours 10-20 hours 35

16 NA NA NA NA NA

17 Specialist Surgery <10 hours 0 hours 34

18 NA NA NA NA NA

19 NA NA NA NA NA

20 NA NA NA NA NA
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Table 5 continued

Participant 

number

MIMIC dV-Trainer The Intuitive surgical 

da Vinci skills simulator

Pick and 

Place

Pick and 

Place 

clutching 

Attempt 1

Pick and 

Place 

clutching 

Attempt 2

Camera 

Targeting I 

Attempt 1

Camera 

Targeting I 

Attempt 2

Energy 

and Dis-

section II 

Attempt 1

Energy 

and Dis-

section II 

Attempt 2
1 619 334 391 219 842# 10.8 47.1

2 570 259 573 477 474 10.9 81.9

3 NA 633 654 270 286 63.6 82.2

4   NA 232 396 859# 453 49.5 80.2

5 1121# 461 553 855# 900# 55.5 58.1

6 958# 521 497 846# 897# 44.2 67.3

7 1049# 539 553 394   NA 38.3 74.3

8   NA   NA   NA   NA   NA 64.9 78.5

9 1070# 438 687 881# 924# 31.5 51.6

10 1125# 242 296 468 499 21.3 36.9

11 1081# 639 679 497 873#   NA   NA

12 564 594 636 881# 780#   NA   NA

13 619 422 661 748# 492 0 21.9

14 1011# 557 688 940# 939#   NA   NA

15 614 486 571 886#   NA   NA   NA

16 488 183 453 373 735#   NA   NA

17 948# 517 436 510 484   NA   NA

18 471 367 343 499 454   NA   NA

19 490 343 628 869# 900#   NA   NA

20 462 607 560 512 878#   NA   NA
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Table 5 continued

Participant 

number

3D Systems RobotiX Mentor

Total time 

to complete 

exercise 

Attempt 1

Total time 

to complete 

exercise 

Attempt 2

Number of 

dropped 

needles 

Attempt 1

Number of 

dropped 

needles 

Attempt 2

Percentage 

of accurate 

needle 

passages 

Attempt 1

Percentage 

of accurate 

needle 

passages 

Attempt 1

1 526 337 11 0 62.5 100

2 900 371 30 13 95 100

3 NA NA NA NA NA NA

4 1257 282 27 13 70 81.25

5 NA NA NA NA NA NA

6 793 327 16 7 92 100

7 NA NA NA NA NA NA

8 686 213 4 12 92 87.5

9 653 204 23 4 100 100

10 NA NA NA NA NA NA

11 NA NA NA NA NA NA

12 391 302 23 20 90 90

13 594 277 10 5 100 75

14 527 NA 14 NA 100 NA

15 NA NA NA NA NA NA

16 21 24 0 0 0 0

17 802 566 18 11 93.7 100

18 861 NA 15 NA 73 NA

19 NA NA NA NA NA NA

20 NA NA NA NA NA NA
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Discussion 
In this study, we aimed to answer the following research questions: (1) Are novice 
robot surgeons able to accurately estimate their knowledge and dexterity skills after 
initial training? (2) Is it possible to include the basic proficiency requirements for the 
safe use of robotic surgery as developed by the NIVEL in a 1 day training? To answer 
these questions, we analysed the results of a 1-day training programme which includ-
ed BPR. 

To answer if novice robot surgeons are able to accurately estimate their theoretical 
knowledge and dexterity skills the questionnaire results are compared to the results 
from the MIMIC dv-Simulator simulation exercises. Although the questionnaire results 
are based on a self-reported competence judgement by the participants, and not the 
result of a test or simulation exercise, it illustrates participants feel competent to deal 
with the provided situations at the end of training. However, this feeling might not be 
completely justified as the results of the MIMIC dv-Simulator simulation exercises 
were performed proficiently by 0%, 44% and 58% of the participants. Participants 
were kept unaware of their skill simulation scores and the corresponding reference 
scores. Since all participants responded they, in their opinion, mastered the require-
ments corresponding to these simulation exercises this could be a case of over-as-
sessment of their own skill compared to the objective assessment of this skill (over-
confidence biases). This phenomenon has been described in multiple studies.6,12 

Since the questionnaire about the basic proficiency requirements was not filled out 
until after the training, and no pre-training-measurement was performed it is difficult 

to say if this self-reported mastery of the basic proficiency requirements can only be 
attributed to over-assessment of the participants in their skill alone or if the partici-
pants mastery of the simulation exercises is not a valid measurement for the mastery 
of the basic proficiency requirements developed by the NIVEL. Although face validity 
of the questionnaire was investigated using a panel of expert in the field of robotic 
surgery further validation of the questionnaire was not possible since no similar ques-
tionnaires exist and the response was too small to perform statistical validation of the 
questionnaire. 

Participant’s theoretical knowledge was not tested during the training. We assume 
the results of their self-reported evaluation are influenced by the same principle of 
overconfidence bias. To investigate if this is the case testing of theoretical knowledge 
has to be integrated in a further implementation of the training. 

To answer if it is possible to include the basic proficiency requirements for the safe 
use of robotic surgery as developed by the NIVEL in one training the results of the 
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questionnaire and skill simulation results were used. 

The questionnaire results, based on a self-reported competence judgement by the 
participants, show that almost all (32/37) requirements for the safe use of the surgical 
robot are mastered in the opinion of the participants. It is worrying a large proportion 
of the participants feel they did not master critical requirements for the safe use of the 
surgical robot (i.e., how to act in case of a power failure and to undo an emergency 
stop). Although results are based on a small number of respondents, these situations 
need to be addressed more in further implementation of the training. 

Based on the skill simulation results none of the participants were competent in the 
MIMIC dV-Trainer basic skill simulation exercises after 1 day of training, which could 
be the result of the lack of skill simulator experience in most participants. Although 
all participants were instructed to train at least 10 h.10, a large portion of participants 
attended the training without prior simulator experience. Participants do show an 
improvement in the scores of the second repetition of almost all exercises. This could 
also be the result of the warming up effect after the first attempt at the exercise. To 
investigate the origin of this improvement in simulation scores, multiple repetitions of 
the exercise would be required. 

Based on the results presented in this article we are unable to asses if participants 
were proficient in all BPR after the 1-day training programme. We do believe this 
training covers all important aspects of system training (containing different modality’s 
of training, i.e., hands-on training combined with theoretical information) as indicated 
by previous research.14 Although this training was completed by a small group of par-
ticipants who did not all provided their demographic data and answers to the ques-
tionnaires based on the BPR7, this study gave insights into the further development of 
a training based on basic proficiency requirements and the use of simulation scores 
to get more insight in the mastery of the basic proficiency requirements. It remains 
unclear if, with proper preparation, participants could be proficient in all BPR after the 
1-day training programme. 

Although all participants did report they mastered the basic proficiency requirements 
which could be related to the simulation exercises, a majority of participants did not 
achieve a proficient score in the simulation exercises. To investigate if this discrep-
ancy can be attributed to overconfidence bias or if simulation exercises are a valid 
measurement for the mastery the BPR7 further research in larger groups of partici-
pants with a more thoroughly validated questionnaire is needed. 

Based on our observations we may conclude that objective assessment of knowl-
edge and dexterity skills is mandatory and results should be discussed with the train-
ees to tailor further training accordingly. 
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Conclusion 
Results show novice robot surgeons are unable to accurately self-assess their ob-
tained dexterity skills. Since theoretical knowledge was not tested it is impossible to 
conclude if participants are able to adequately asses their theoretical knowledge of 
the basic proficiency requirements. Further testing of both theoretical knowledge and 
dexterity skills is advised in further implementation of the training to asses if it is pos-
sible to incorporate all BPR in a 1-day multi-disciplinary robot surgery training. 
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Abstract

Objective  
To understand the influence of proctored guidance versus Simulator generated guid-
ance (SGG) on the acquisition dexterity skills in novice surgeons learning RAS (Ro-
bot Assisted Surgery). 

Design  
A Prospective non-blinded 3-arm randomised controlled trial (RTC). Exclusion crite-
ria: previous experience in RAS or robotic surgery simulation. The participants were 
assigned to three different intervention groups and received a different form of guid-
ance: (1) proctored guidance, (2) Simulator generated guidance, (3) no guidance, 
during training on virtual reality (VR) simulator. All participants were asked to com-
plete multiple questionnaires. The training was the same in all groups with the excep-
tion of the intervention part. 

Setting
Catharina Hospital Eindhoven, The Netherlands. 

Participants 
A total of 70 Dutch medical students, PhD-students, and surgical residents were 
included in the study. The participants were randomly assigned to one of the three 
groups. 

Results
Overall, all the participants showed a significant improvement in their dexterity skills 
after the training. There was no significant difference in the improvement of surgical 
skills between the three different intervention groups. The proctored guidance group 
reported a higher participant satisfaction compared to the simulator-generated guid-
ance group, which could indicate a higher motivation to continue the training. 

Conclusions
This study showed that novice surgeons. Significantly increase their dexterity skills 
in RAS after a short time of practicing on simulator. The lack of difference in results 
between the intervention groups could indicate there is a limited impact of “human 
proctoring” on dexterity skills during surgical simulation training. Since there is no 
difference between the intervention groups the exposure alone of novice surgeons 
to the robotic surgery simulator could possibly be sufficient to achieve a significant 
improvement of dexterity skills during the initial steps of RAS learning. 
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Introduction 
The advent of robotic surgery has dramatically changed the landscape of minimally 
invasive surgery. The number of robotic procedures performed per year is rapidly 
increasing all over the world with more and more centres equipping with the robot-
ic technology.1 For the Da Vinci surgical systems, a basic robotic surgery training 
with “the introduction to the robotic system” is usually provided by the manufacturer 
to surgeons starting with robot-assisted surgery (RAS). However, not all the novice 
robotic surgeons have the access to this basic training programme which could result 
in a serious gap of knowledge. Moreover, the basic training in robotic surgery is not 
included standard in most of the resident and fellowship curricula. 2,3

In 2010, the Dutch Health Care Inspectorate (IGJ) published a report stating ‘insuf-
ficient carefulness at the introduction of surgical robots. In this report, the IGJ ex-
pressed its concern regarding RAS.2,4 The report stated that in most hospitals, the 
criteria for the training of novice robot-assisted surgeons were either vague or even 
completely lacking.2,3 To clarify criteria for starting robot-assisted surgery, the Nether-
lands Institute for Health Services Research (NIVEL) developed, in cooperation with 
urologists, gynaecologists and surgeons, the ‘Basic Proficiency Requirements for the 
safe use of robotic surgery’ (BPR).5 This provides a guide to ensure that all  surgeons 
who are using a surgical robot have  a minimum required skills for RAS. 

Most of the Dutch urologists agreed that the basics of RAS should be learned in the 
context of well-defined structured training programmes, in order to guarantee  quality 
and safety to  patients and OR-personnel .6 Therefore, it is crucial that novice sur-
geons are appropriately trained before operating on patients.7,8  

Simulation-based education (SBE) has been proven to be an effective method for 
surgical training. SBE is a teaching method where simulation mimics aspects of clin-
ical care and various real-live scenarios are used for learning purposes. This allows 
to save the costs of operating rooms occupancy and avoid the risks related to train-
ing on patients to avoid patients being exposed to a training situation).9–12 Simulators 
have become more sophisticated providing high-fidelity simulation and (video) re-
al-time feedback. The most advanced surgical simulators allow training of advanced 
surgical skill allowing the performance of complete procedures with a stepwise learn-
ing method.13 

Proctoring is a form of training where an experienced trainer supervises the trainee 
during the procedure and provides real-time feedback, in order to guide and assist 
the trainee during the acquisition of new skills. Proctoring is widely used in the oper-
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ating room to train novice surgeons but is scarcely implemented in simulator based 
training due to time consumption and related costs.14–16 

An alternative to human proctoring is the interactive task and procedural guidance 
by the simulator. Simulator generated guidance (SGG) is an option available on the 
newest simulation systems. Procedural guidance is provided by the simulator to  
guide the trainee trough the steps of a surgical procedure using visual cues.17 An ad-
vantage of SGG is the possibility to assess the effect of various training curricula on 
the progress of the surgeon’s surgical skills. It remains unclear if the effect of SGG is 
comparable to proctoring on the learning curve of the novice surgeon. 

The main aim of this study was to investigate the influence of individual personalised 
in-time guidance and feedback (proctored guidance) by an experienced trainer and of 
interactive task and procedural guidance by the simulator SGG on the development 
of dexterity skills (the ability to perform RAS) during the vesicourethral anastomosis. 
Moreover, we assess the satisfaction of the participants during different teaching mo-
dalities. Finally, we investigate the effect of general characteristics of the participants 
on the learning curve of a specific task. 

The research questions are: (1) Are novice surgeons able to learn the skills required 
to perform the vesicourethral anastomosis simulator step of the RARP during a short 
two-hour training session?  (2) What is the influence of individual personalised in-time 
guidance and feedback (proctoring) by an experienced trainer, or interactive task and 
procedural guidance by the simulator (SGG) compared to no guidance on the learn-
ing curve of novice surgeons who were asked to perform the vesicourethral anas-
tomosis step of the RARP on a robotic surgery simulation system? (3) What is the 
influence of individual personalised in-time feedback (proctoring) by an experienced 
trainer, or interactive task and procedural guidance by the simulator (SGG) compared 
to no guidance on the participant satisfaction of novice surgeons who were asked to 
perform the vesicourethral anastomosis step of the RARP on a robotic surgery sim-
ulation system? (4) Is there a difference in the effect of participant’s characteristics 
(i.e. age, gender, laparoscopic surgery experience, surgical experience in general, 
etc.) on the learning curve of novice surgeons?  These questions will be answered by 
performing an intervention study amongst medical students, residents and PhD-can-
didates. 
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Methods

Participants
In this study, Dutch medical students, PhD-students, and surgical residents were 
trained at Catharina Hospital in Eindhoven between January and February 2020. Par-
ticipants were recruited at several medical faculties and hospitals in the Netherlands. 
Those with previous experience in RAS and robot assisted simulation were excluded 
from the study. Considering this we assumed that there were no differences in base-
line robot-assisted surgical skills among the participants.19 To each participant a study 
number was assigned in order to anonymise their data.

Materials 
Robot-assisted surgery simulation system
 The Robotix Mentor simulation system designed by 3Dsystems was used for the 
simulation-based training (Figure 1). This surgical simulator allows to train basic ro-
botic skill exercises needed to approach the real surgical consol. Moreover, it allows 
to train advanced robotic skill exercises including step by step (modular) procedural 
training.  During our training five basic skill exercises were selected because they 
best reflect the skills needed to perform the vesicourethral anastomosis (Figure 3f). 

Figure 1. 3Dsystems Robotix Mentor simulation system. 
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Two barbed sutures were given to the participant to complete the anastomosis be-
tween the bladder neck and the urethral stump. The suturing technique used included 
a running suture starting at the posterior aspect of the bladder neck. The stitches 
through the bladder neck were performed in an outside-in, while the stitches through 
the urethral stump were performed with an inside-out fashion. During the perfor-
mance of the exercise the trainee received feedback by the simulator regarding the 
suturing direction, injuries of the structures within the pelvis and excessive force used 
during suturing. The exercise was finished once the anastomosis was completed.

Simulator-generated guidance 
In one of the intervention groups (the SGG group) the guided version of the vesi-
courethral anastomosis exercise was used (Figure 3g). In this adapted version of the 
exercise the participant was provided with guidance on the place (position) and depth 
of the sutures. This was demonstrated by glowing orbs on the tissue.  The orbs were 
yellow when indicating the location of the needle placement, turned green when the 
needle was placed correctly and turned red in case of incorrect needle placement. 

Proctor guided training (Proctoring)  
In one of the intervention groups the proctoring was provided directly by the trainer. 
The two involved trainers were researchers with a broad experience in simulation and 
training. They have been trained trough several hours of watching surgical videos 
and performing surgical simulation until reaching proficiency. 

No-guidance group
In one of the intervention groups no proctoring or guidance was provided. 

Presentation (lecture)
All participants attended a 15-minute presentation (lecture) given by the trainers. 
During this presentation an overview of the training, the use of the simulator and 
basic simulation exercises were given. A lesson on pelvic anatomy and vesicourethral 
anastomosis technique was carried out including a pre-recorded video performed 
by an expert robotic surgeon (>2100 RARPs). Furthermore, an instructional video of 
the simulator’s manufacturer showing the simulated vesicourethral anastomosis was 
included.

Questionnaires 
During the training, the participants were asked to complete multiple questionnaires. 
The Baseline questionnaire included the general characteristics and surgical ex-
perience of the participants. Personal information consisted of age, gender, faculty 
of medical training, and hospital of employment/training. Information about surgical 
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Figure 2. Examples of the simulation exercises; A) Camera 0, B) Wristed Manipulation 1, C) Wristed 
Manipulation 2, D) Knot Tying, E) Railroad track, F) Freehand vesico-urethral anastomosis, G) Guided 
vesico-urethral anastomosis with the guidance dots (green) around the needle.

a b

c d

e f

g
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experience consisted of completion of surgical rotation, experience with laparoscopy, 
and experience with RAS.

The Participant satisfaction questionnaire was used to have a feedback and ensure 
a high quality of the training programme. The Kirkpatrick’s (KP) model was used to 
assess participant’s satisfaction and it was filled at the end of the training by all the 
participants.

Informed consent 
Although participants were not subjected to any study actions, the Medical Ethics 
Committee deemed the Medical Research Involving Human Subjects Act did not 
apply since no physically and psychological invasive interventions were performed. 
Informed consent was obtained from all participants and the study was granted ap-
proval from the institutional medical committee.  

Procedure
Design 
This prospective non-blinded 3-arm randomised controlled trial investigated different 
methods of teaching RAS using simulation. After a basic skill and an un-guided pro-
cedural simulator training the participants were randomly divided into three different 
intervention groups (proctored guided, simulator-generated guidance and no guided). 
During this phase the participants received a different training and at the end were 
asked to perform again the same task (vesicourethral anastomosis) autonomously. 
All parts of the training were the same for all the trainees with the exception of the in-
tervention phase. During the training all participants were asked to complete multiple 
questionnaires.

Training program
The training program is displayed in figure 2. The training was given in timeslots of 
three hours and a maximum two participants per timeslot were included. A minimum 
of one trainer was present during the training. The proctor guided group received 
individual guidance by one of the two trainers. 

All the participants started with the completion of the baseline questionnaire and with 
the signature of the consent form. 

The randomization was performed using a simple randomization, prior to the start of 
the study a sequence of 72 random numbers ranging 1-3 was created using www.
randomizer.org. The numbers in this sequence automatically received a place marker 
(1-72), this place marker corresponded to a study number (1-72). The study numbers 
were assigned to the participants in numerical sequence once the participant com-
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Figure 3. Study design.
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pleted their informed consent form. 

After this the participants attended the presentation (lecture) on the simulator, the 
simulation exercises and the anatomy of the pelvic region. 

The participants had 30 minutes for the basic simulation training and the following 
exercises were practiced during this time at least once per person:

• Camera 0 (figure 3A): camera control training 

• Wristed manipulation 1 (figure 3B): Endowrist manipulation training

• Wristed manipulation 2 (figure 3C): camera control and Endowrist manipulation 
training

• Knot tying (figure 3D): surgical knot tying training 

• Railroad track (figure 3E): suturing training 

After completing these exercises, the participants were asked to train autonomously 
the vesicourethral anastomosis exercise on the simulator for 30 minutes (pre-inter-
vention phase) (figure 3f). During this phase no additional explanation was provided 
by the trainers and after 30 minutes the training was interrupted also in the case of 
non-completion of the exercise.  

After this initial attempt all groups received a total of 30 minutes to train on the vesi-
courethral anastomosis exercise under different or no guidance according to the 
assigned group. In all cases, the participants received the standard automated feed-
back from the simulator.

The first group was the proctor guided group, this group performed the vesicoure-
thral anastomosis exercise under the guidance of a trainer (proctor) (figure 3F). The 
proctor provided the participants guidance by monitoring the real-life progress of the 
participants on a nearby screen and gave in-time oral feedback during the procedure. 
Tips and tricks were provided by the proctor on how to avoid tissue damage and how 
to safely perform the surgical steps. 

The second group is the simulator-generated guidance group, this group performed 
the vesicourethral anastomosis exercise under the guidance of the simulator (fig-
ure 3G). The simulator provided them with pre-programmed guided feedback which 
mainly helped participants with correct needle placement and the use of appropriate 
force during stitching and tissue handling.  Guidance was automatically disabled 
when the participant repeatedly ignored the simulator’s guidance. In this case the 
participants had to complete the procedure without guidance. The participants were 
informed about this feature by the researchers at the start of the training. 
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The third group was the no-guidance group, this group was asked to train the vesi-
courethral anastomosis exercise (figure 3F) for 30 minutes without guidance. The 
participants did not receive any guidance, both from the proctor and the simulator 

After the intervention, all groups were asked to perform the vesicourethral anastomo-
sis exercise again for 30 minutes without any additional proctoring or guidance by the 
simulator (post-intervention phase). Finally, the participants were asked to complete 
the questionnaire on the participant’s satisfaction and then the training was complet-
ed.

Threshold scores for the vesicourethral anastomosis simulation exercise.
In a recent publication by Harrison et al. threshold scores are published in order to 
pass the vesicourethral anastomosis simulation exercise.13 These scores are repre-
sented in tables 3 and 4.  These threshold scores are based on the mean scores of 
the experts included in the study by Harrison et al.13 The results of our study will be 
compared to these threshold scores in order to investigate if any of our participants 
are able to pass the vesicourethral anastomosis simulation exercise according to 
these standards. Additional analysis will be performed to investigate if baseline char-
acteristics of the participants influence the likeliness of the participant reaching the 
threshold scores. 

Sample size analysis 
The sample size analysis was based on a publication of Shim et-al.3 Their results 
showed that it is possible to detect a difference in populations means of 66 seconds 
on the mean time for completing the task. The time of the procedure is one of the 
threshold scores as set by Harrison et al.13  Using the program PS: Power and Sam-
ple Size Calculation version 3.1.6, a sample size calculation was performed. Using 
0.05 as Alpha, a Power of 0.80, and an effect size of 66, a sample size of 23 patients 
per subgroup would be sufficient for this study. 

Data analysis 
Data analysis was performed using SPSS statistics v24 (IBM, NY). Frequency statis-
tics were used to present categorical variables. Statistical significance in differences 
in categorical variables were calculated using the Pearson Chi-square test, in case of 
small numbers the Fisher exact test was used.  Statistical significance in differences 
in case of continuous variables were calculated using a one-way ANOVA test, in case 
of in-homogeneity of variance the Brown – Forsythe test was used. Significance in 
difference between the three groups were calculated using the Turkey HSD test, in 
case of in-homogeneity of variance the Games-Howell Post-Hoc Test was used. The 
Wilcoxon signed-rank test (in case of non-normal distributed data) or a two-sided 
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t-test for paired samples (in case of normal distributed data) was used to compare 
differences in results between the pre-intervention and post-intervention simulation 
scores. Linear regression analysis was performed in order to identify factors influenc-
ing simulation scores.  Statistical significance was set at p <0.05 based on a two-
tailed comparison. Due to the level of multiple comparisons a Benjamini-Hochberg 
procedure was performed critical value for a false discovery rate of 0.20.
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Results
A total of 70 participants were included in the study. The post intervention data 
of three partici-pants were lost due to a malfunction of the software (two from the 
non-guidance group and one from the SGG group). In some variables data of par-
ticipants were missing in either pre- or post-intervention results (appendix 2), these 
missing data points were evenly distributed among the groups. 

The baseline characteristics of the participants are displayed in Table 1. There was 
no differ-ence in RAS experience between the groups (22 vs 23 vs 22, p=1). The 
majority of the participants were female reflecting the growing number of female med-
ical students and young physicians in the Netherlands (48 vs 29 p=0.148). Most of 
the participants were medical students (n=49), followed by PhD candidates (n=13) 
and residents (n=5). There were no PhD candidates in the no guidance group (0 vs 8 
and 5, p=0,005), while most of the medical students were randomly assigned to the 
no guid-ance group (22 vs 13 and 14, p=0,005). In the simulation trained group more 
participants had pre-vious laparoscopic surgery experience compared to the remain-
ing groups (15 vs 6 and 6, p=0,004). 

Pre-intervention vesicourethral anastomosis simulation exercise 
scores. 
The results of the pre-intervention vesicourethral anastomosis simulation exercise 
showed an overall difference between the three groups in the number of times the tis-
sue was grasped (p=0,018) and in the number of unnecessary needle piercing points 
(p=0,021) (figure 4a, 4b). However, no statistical significative differences were found 

Figure 4: Box and Whisker plots show significant differences in the pre-intervention simulation scores 
between the study groups. A)  number of times the tissue was grasped (p=0,018), B) number of un-
necessary needle piercing points (0,021).  

a b
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between the groups during an in-depth analysis.  (Appendix 1).

Difference in pre-intervention and post-intervention vesicourethral 
anastomosis simulation exercise scores
There were no statistically significant differences in the improvement in surgical skills 
between the three different intervention groups (Table 2). When comparing the over-
all scores results of the pre- and post-intervention simulation no significant differenc-

Table 1. Participants’ baseline characteristics

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group 

vs... Proctor guided group 

P-value N
on-N

o guidance group 
vs... Sim

ulator generated guidance 
group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 

Gender, n 
Male 9 8 3 - - - 0.148# - - -
Female 14 15 19
Occupation, n 
Medical 

Student

22 13 14 - - - 0.005* - - -

Resident 1 1 3
PhD Can-

didate

0 8 5

Age, medi-

an (IQR)

21 

(19-

25)

26 

(24-

28)

25 (23-

28)

9.194@ 2@ 65@ <0.0001@ <0.0001^ 0.004^ 0.789^

Laparoscopic surgery experience, n 
No 17 17 7 - - - 0.004# - - -
Yes 6 6 15
RAS experience, n 
No 22 23 22 - - - 1.000* - - -
Yes 1 0 0
Completed surgical internship, n 
No 15 6 2 - - - 0.004# - - -
Yes 7 7 13

*Fishers exact # Pearson Chi-square @One-way Anova, ^Turkey HSD, DF1 = degrees of freedom 
between groups, DF 2 = degrees of freedom within groups, n = number
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es were found in the number of metrics among participants (Appendix 2). There was 
a significative decrease in number of injuries to the urethra (p=0,0017) (Figure 5a) 
and wound separation (p<0,001) in the post-intervention simulation exercise (Figure 
5a and 5b). Fewer episodes of improper suturing technique (p=0,002) and a lower 
number of unnecessary needle piercing points (p=0,003) were found in the post-inter-
vention exer-cises (Figure 5c and 5d). Interestingly, there was an increase in the total 
number of entrance and exit points of the in the post-intervention exercises (p=0,005) 
(Figure 5c).

 A comparison of the pre- and post-intervention simulation scores for each of 
the interven-tion groups showed significant differences in multiple metrics among the 
groups (Appendix 3).  Among all intervention groups a significant decrease in wound 
separation was found (p=0,001, 0,009 and 0,002) and this decrease was the highest 

in the non-intervention group (Figures 6a-6c). A significant decrease in clutch usage 
(p=0,003), number of times the tissue was grasped (p=0,015) and the number of 
movements of the right-instrument (p=0,011) was observed in the no guidance group 
(Figures 6d-6f). The proctor guided group showed a significative drop in the number 
of inju-ries to both the urethra (p=0,017) and the bladder neck (p=0,016) (Figure 6g-
6h). This group also showed a lower number of unnecessary needle piercing points 
after the intervention (p=0,017) (Figure 6l). 

Figure 5: Box and Whisker plot representing the metrics which showed significant differences when 
comparing the results of the pre-intervention to the post-intervention overall simulation scores   A)  
number of injuries to the urethra (p=0,017), B)  wound separation (p<0,001),  C)  improper suturing 
technique (p=0,002), D)  number of unnecessary needle piercing points (p=0,003),  E)  increase in 
the total number of entrance and exit points through which the needle has passed (p=0,005).

d e

ba c
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Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 
Proctor guided group 

P-value N
on-N

o guidance group vs... 
Sim

ulator generated guidance group 

P-value Proctor guided group vs... 
Sim

ulator generated guidance group 

Time and Economy
Total time (sec) 242.9 

(486.9)
-24.9 
(503.4)

12.5 
(355.9)

0.749@ 2@ 63@ .477@ .445^ .845^ .771^

Number of 
movements - 
left instrument 
(n)

68.0 
(499)

27.5 
(426)

-20.0 
(332)

0.580@ 2@ 63@ .563@ .544^ .751^ .935^

Number of 
movements - 
right instrument 
(n)

188.0 
(542)

-42.0 
(537)

-47.0 
(286)

1.079@ 2@ 63@ .346@ .318^ .637^ .836^

Path length - 
left instrument 
(mm)

1232.3 
(6042)

-290.8 
(4684)

-1249.0 
(3198)

0.245@ 2@ 63@ .783@ .800^ .833^ .997^

Path length - 
right instrument 
(mm)

985.9 
(5569)

1599.9 
(5980)

-849.1 
(3547)

0.661@ 2@ 63@ .520@ .647^ .529^ .982^

Distance by 
camera (mm)

157.9 
(1159)

-14.7 
(1622)

1.1 
(954)

0.665@ 2@ 63@ .518@ .568^ .998^ .594^

Instrument 
collisions (n)

13.0 
(77)

16.0 
(63)

-8.0 
(84)

0.760@ 2@ 63@ .472@ .475^ .620^ .966^

Total path of 
instruments 
traveled out of 
view (mm)

190.3 
(1948)

113.0 
(1995)

-299.8 
(1537)

0.378@ 2@ 63@ .687@ .662^ .912^ .883^

Table 2. Difference between pre- and post-intervention vesicourethral anastomosis simulation exer-
cise scores in the study groups.
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Number of 
times instru-
ments are out 
of view (n)

-3.0 
(55)

-1.0 
(77)

-12.0 
(53)

1.362@ 2@ 63@ .264@ .280^ .956^ .409^

Total time 
instruments 
are out of view 
(seconds)

4.7 
(125.1)

-49.0 
(207.9)

-21.0 
(156.9)

0.600@ 2@ 63@ .552@ .611^ 1.00^ .613^

Clutch usage 
(n)

7.0 
(12)

0.0 
(11)

0.0 (15) 2.240@ 2@ 63@ .115@ .103^ .752^ .350^

Safety and Complications 

Injury to the 
Urethra (n)

3.0 
(13)

4.0 
(10)

2.0 (9) 1.252@ 2@ 63@ .293@ .332^ .986^ .399^

Injury to Blad-
der Neck (n)

0.0 (3) 0.5 (5) -1.0 (6) 2.180* 2* 20.0* .145* .342$ .320$ .053$

Suspected 
injury to the 
Bladder (n)

0.0 (1) 0.0 (0) 0.0 (0) 1.570* 2* 15.3* .252* .462$ .444$ .964$

Suspected 
injury to the 
Neurovascular 
Bundle (n)

0.0 (1) 0.0 (2) 0.0 (1) 0.791@ 2@ 54@ .459@ .758^ .426^ .819^

Suspected inju-
ry to the Ureter-
al Orifices (n)

0.0 (1) 0.0 (1) 0.0 (2) 0.182@ 2@ 57@ .834@ .930^ .819^ .966^

Table 2. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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Suspected 
injury to the 
Endopelvic 
Fascia/Urethral 
Sphincter (n)

1.5 (7) 0.0 (9) 2.0 (10) 0.439@ 2@ 58@ .647@ .623^ .889^ .861^

Wound separa-
tion (mm)

5.2 
(7.9)

3.1 
(6.3)

3.1 
(6.3)

1.706@ 2@ 63@ .190@ .289^ .219^ 987^

Improper sutur-
ing technique 
(n)

0.0 (4) 1.0 (4) 0.0 (2) 0.901@ 2@ 55@ .412@ .413^ .907^ .609^

Needle handling
Percentage of 
stitches within 
optimal depth 
(%)

-1.1 
(44.4)

-3.0 
(50.0)

-14.6 
(37.5)

1.338@ 2@ 63@ .270@ .997^ .329^ .358^

Number of 
unnecessary 
needle piercing 
points (n)

18.0 
(51)

29.5 
(75)

8.0 (38) 0526@ 2@ 63@ .594@ .941^ .789^ .576^

The total num-
ber of entrance 
and exit points 
through which 
the needle has 
passed (n)

-2.0 
(15)

-6.0 
(15)

-4.0 
(16)

0.163@ 2@ 63@ .850@ .852^ .992^ .903^

Table 2. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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Threshold scores achievement during vesicourethral anastomosis simulation exer-
cise.  

Pre-intervention 
The results in Table 3 shows no significant differences in the number of participants 
among the dif-ferent study groups who achieved the threshold scores for the vesi-
courethral anastomosis simula-tion exercise. None of the participants achieved all 
criteria set by Harrison et al. The highest num-ber of achieved threshold scores were 
in the number of movements of the right instrument (68,6%), number of unnecessary 
needle piercing points (54,3%), total time the out of view instru-ments (52,8%) , and 
path length of the right instrument (50%). None of the participants reached the wound 
separation and total time threshold scores. 

Table 2. continued

Suture handling
Excessive 
force - Suture 
breakage (n) 

0.0 (1) 0.0 (0) 0.0 (0) 0.922@ 2@ 63@ .403@ .823^ .742^ .371^

Tissue handling
Number of 
times the tissue 
was grasped 
(n)

3.0 
(18)

6.5 
(16)

-2.0 
(14)

3.000@ 2@ 63@ .057@ .795^ .055^ .204^

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 

@One-way Anova, ^Turkey HSD *Brown – Forsythe test, $ Games-Howell Post-Hoc Test, DF1 = 
degrees of freedom between groups, DF 2 = degrees of freedom within groups, n = number, mm= 
millimeters
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Post-intervention 
The results in Table 4 shows no significant differences in the number of participants 
that achieved the threshold scores for the vesicourethral anastomosis simulation 
exercise. None of the partici-pants reached all criteria set by Harrison et. al.13 The 
highest number of achieved threshold scores were found in the right-handed instru-
ment (72,8%), number of unnecessary needle piercing points (80%), and path length 
of the right-handed instrument (58,6%) . After the intervention some partic-ipants 
were able to reach the minimum scores according to criteria in the wound separa-
tion but rates were similar for all intervention groups (10%). None of the participants 
achieved the total time threshold scores.

Figure 6: Box and whisker plot representing the metrics which showed significant differences when 
comparing the results of the pre-intervention to the post-intervention simulation scores for each 
intervention group. A-C) wound separation in all intervention groups (p=0,001, 0,009 and 0,002), 
D-F) clutch usage (p=0,003), number of times the tissue was grasped (p=0,015) and number of 
movements of the right instrument (p=0,011) in the non-intervention group, G-I) number of injuries to 
the bladder neck (p=0,017), number of injuries to the urethra (p=0,016) and number of unnecessary 
needle piercing points (0,017) in the proctor guided group.

b ca

d e f

g h i
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Factors predicting the achievement of threshold scores during the 
vesicourethral anastomosis simu-lation
Table 5 shows the results of the univariate analysis of factors that could have influ-
enced the gain in surgical skills among all participants. None of the included variables 
had a significant impact on achievement of the threshold scores during the vesicoure-
thral anastomosis simulation among the participants. 

Participant satisfaction
The results of the participant’s satisfaction of the training are shown in Table 6. The 
participants in the no guidance group found the first attempt at the vesicourethral 
anastomosis more useful com-pared to the participants in the SGG group, while, the 
satisfaction of this part of the training of the proctor guided group did not differ signif-
icantly from the other two groups (Appendix 3). The proc-tor guided group found the 
intervention more useful compared to both the non-intervention group and the simu-
lation trained group. The results showed the proctor guided group indicated they felt 

Table 3 Pre-intervention threshold scores achievement during vesico-urethral anastomosis simulation 
exercise among the groups.19

Variable Criteria No guidance 
group Passed 
criteria, n (%)

Proctor guided 
group Passed 
criteria, n (%)

Simulator 
generated 
guidance 
group Passed 
criteria, n (%)

p-value

Number of 
unnecessary 
needle pierc-
ing points

<=74 9 (39.1) 12 (54.5) 17 (70.8) 0.092#

Total time <= 1158 [sec] 0 0 0 n.a.
Instrument 
collision

<= 30 4 (17.4) 4 (18.2) 4 (16.7) 0.991#

Total time in-
struments are 
out of view

<= 120 [sec] 14 (60.9) 13 (59.1) 10 (41.7) 0.345#

Number of 
movements 
right instru-
ment

<= 1321 move-
ments

15 (65.2) 15 (68.2) 18 (75.0) 0.756#

Path length 
right instru-
ment

<= 11428 [mm] 11 (47.8) 10 (45.5) 14 (58.3) 0.644#

Wound sepa-
ration

<= 1 [mm] 0 0 0 n.a.

Passed all 
criteria * 

0 0 0 n.a.

# Pearson Chi-square* excluding total time since all participants were required to practice a total time 
of 30 minutes at the console
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more as if they were really performing the surgical step compared to the non-inter-
vention group. The proctor guided group found the training more appropriate for the 
current learning goals and felt more that there were enough trainers for the training 
compared to the non-intervention group. The overall scores and participant satisfac-
tion were significantly higher in the proctor guided group compared to the simulator 
trained group. The results show there is a statistically significant difference in the 
responses of the participants to the question: ‘The trainers had enough experience in 
medical aspects’ but when comparing the groups separately no significant differences 
were found. 

Table 4 Post-intervention threshold scores achievement during vesico-urethral anastomosis simula-
tion exercise among the groups19

Variable Criteria No guidance 
group Passed 
criteria, n (%)

Proctor guided 
group Passed 
criteria, n (%)

Simulator 
generated 
guidance 
group Passed 
criteria, n (%)

p-value

Number of 
unnecessary 
needle pierc-
ing points

<=74 18 (78.3) 19 (86.4) 19 (79.2) 0.749#

Total time <= 1158 [sec] 0 0 0 n.a.
Instrument 
collision

<= 30 3 (13.0) 3 (13.6) 1 (4.2) 0.485#

Total time in-
struments are 
out of view

<= 120 [sec] 10 (43.5) 8 (36.4) 9 (37.5) 0.869#

Number of 
movements 
right instru-
ment

<= 1321 move-
ments

18 (78.3) 18 (81.8) 15 (62.5) 0.278#

Path length 
right instru-
ment

<= 11428 [mm] 17 (73.9) 12 (54.5) 12 (50.0) 0.212#

Wound sepa-
ration

<= 1 [mm] 1 (4.3) 2 (9.1) 4 (16.7) 0.369#

Passed all 
criteria* 

0 0 0 n.a.

# Pearson Chi-square* excluding total time since all participants were required to practice a total time 
of 30 minutes at the console
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Variable Age of the participant Laparoscopic Experience (Yes)
OR 95% C.I. for 

OR

P-value OR 95% C.I. for 

OR

P-value

Total time (seconds) -.143 -134.900 – 

37.179

.261 .122 -33.034 – 

813.114

.378

Number of movements - right 

instrument (n)

-.145 -86.558 – 

23.235

.253 .067 -265.289 – 

456.390

.598

Path length - right instrument 

(mm)

-.147 -902.242 – 

234.564

.245 .037 -3203.634 – 

4283.458

.774

Instrument collisions (n) -.104 -6.686 – 

2.789

.414 .079 -21.336 – 

40.571

0.537

Total time instruments are out 

of view (seconds)

-.063 -21.987 – 

13.257

.622 .054 -90.596 – 

139.264

.674

Wound separation (mm) -.016 -.402 - .354 .900 .286 .418 – 5.138 .022
Number of unnecessary needle 

piercing points (n)

-.034 -4.161 - 

3.190

.793 .025 -21.606 – 

26.323

.845

Variable Gender (Female) Completed surgical internship 

(Yes)
OR 95% C.I. for 

OR

P-value OR 95% C.I. for 

OR

P-value

Total time (seconds) .071 -437.786 – 

777.4017

.578 -.278 -917.267 – 

16.438

.058

Number of movements - right 

instrument (n)

.091 -247.543 – 

526.752

.474 -.240 -599.745 – 

58.738

.105

Path length - right instrument 

(mm)

.101 -2403.694 – 

5608.870

.427 -.280 -7323.033 – 

102.255 

.056

Instrument collisions (n) .009 -32.198 – 

34.553

.944 -.011 -35.733 – 

33.202

.941

Total time instruments are out 

of view (seconds)

.098 -75.229 – 

171.021

.440 -.217 -217.911 – 

32.523

.143

Wound separation (mm) -.181 -4.487 - .721 .153 .048 -2.376 – 

3.283

.749

Number of unnecessary needle 

piercing points (n)

.043 -21.389 – 

30.102

.736 -.053 -28.325 – 

19.831

.724

Table 5. Factors predicting the achievement of the threshold scores during the vesicourethral anastomosis simula-
tion exercise.19

Table 5. continued
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Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 

Participant satisfaction
The presenta-

tion about the 

project was 

useful

4 (0) 4 (1) 4 (0) 1.241@ 2@ 67@ .296@ .565^ .863^ .274^

The demon-

stration by the 

master trainers 

was useful

4 (5) 4 (1) 4 (0) 1.874* 2* 60.660* .162* .158$ .765$ .385$

The basic simu-

lation exercises 

were useful

5 (1) 5 (1) 5 (1) .791@ 2@ 67@ .457@ .570^ .485^ .991^

The first 

attempt at the 

vesicourethral 

anastomosis 

was useful

4 (1) 4 (2) 4 (3) 4.168* 2* 52.229* .021* .157$ .028$ .426$

The interven-

tion was useful

4 (2) 5 (1) 4 (2) 7.311* 2* 41.126* .002* .004$ .172$ .048$

The question-

naire on the ba-

sic proficiency 

requirements 

for the safe 

use of robotic 

surgery was 

usefull

3 (1) 3 (2) 3 (0) 1.925* 2* 45.847* .158* .204^ .685^ .321^

Table 6. Results of the participant satisfaction questionnaire.
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The learning 

goals were 

clear

4 (0) 4 (1) 4 (1) 1.252@ 2@ 67@ .293@ .355^ .999^ .367^

The interven-

tion will help 

decreasing the 

learning curve

4 (1) 4 (2) 4 (1) .516@ 2@ 67@ .599@ .570^ .852^ .878^

Materials
The presenta-

tions helped 

me to learn 

how to teach 

the simulated 

scenarios

4 (1) 4 (0) 4 (1) .685* 2* 57.336* .508* .380$ .920$ .742$

The simulator 

is a good tool 

to teach RARP 

methods

4 (1) 4.5 

(1)

4 (1) .390@ 2@ 64@ .678@ .982^ .789^ .680^

I understood 

the possibilities 

of the simulator 

before training 

the scenarios

3 (2) 3 (1) 3 (2) 1.524@ 2@ 67@ .225@ .319^ .266^ .995^

Table 6. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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The simulator is 

too complicated 

to use

2 (0) 2 (1) 2 (1) .133@ 2@ 67@ .876@ .895^ .897^ 1.00^

The simulation 

exercises were 

realistic

4 (1) 4 (0) 4 (0) 1.073@ 2@ 67@ .348@ .603^ .887^ .327^

I felt engaged 

during the sim-

ulation exer-

cises 

4 (1) 4 (1) 4 (0) .507@ 2@ 67@ .604@ 1.00^ .661^ .661^

The simulation 

exercises were 

comparable 

with real clinical 

scenarios

3 (2) 4 (1) 4 (1) 1.705@ 2@ 67@ .190@ .320^ .206^ .966^

I performed as 

if I was really 

performing the 

surgical step

3 (2) 4 (2) 4 (1) 6.209@ 2@ 67@ .003@ .002 .242^ .138^

Learning (goals)
The learning 

goals were 

clear at the 

beginning of 

the day

4 (1) 4 (1) 4 (1) 4.626@ 2@ 66@ .013@ .013^ .766^ .070^

Table 6. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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The training 

is appropriate 

for the current 

learning goals

4 (1) 4 (1) 4 (1) 3.367@ 2@ 66@ .041@ .031^ .447^ .339^

The course 

was challeng-

ing enough

5 (1) 5 (0) 5 (1) .979@ 2@ 66@ .381@ .858^ .667^ .356^

The course 

showed my 

strengths

4 (1) 4 (1) 4 (2) .539@ 2@ 66@ .586@ .576^ .750^ .952^

The course 

showed my 

weaknesses

4 (1) 5 (1) 5 (1) .908@ 2@ 57@ .409@ .420^ .920^ .577^

The course fo-

cused too much 

on knowledge

2 (0 2 (0) 2 (1) .146* 2* 52.551* .865* .880$ .866$ .991$

The course 

focused too 

much on tech-

nical skills

3 (2) 3 (1) 3 (1) 2.083@ 2@ 57@ .134@ .497^ .112^ .604^

Table 6. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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The focused 

too much on 

simulation 

exercises

2 (1) 2 (1) 2 (1) .446@ 2@ 57@ .642@ .633^ .743^ .973^

The course is 

practical and 

fits current 

situations of 

patient care at 

my hospital

4 (1) 4 (1) 4 (0) 1.257@ 2@ 57@ .292@ .261^ .663^ .683^

Future trainings 

will equip med-

ical students 

and novice 

surgeons with 

appropriate 

knowledge, atti-

tudes and skills 

of managing 

RARPs.

4 (1) 5 (1) 4 (1) 2.542@ 2@ 57@ .088@ .108^ .873^ .185^

Experts

There were 

enough experts 

for the number 

of learners

4 (1) 5 (1) 4 (1) 3.562@ 2@ 57@ .035@ .027 .327^ .335^

Table 6. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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The trainers 

created a safe 

learning envi-

ronment

5 (1) 5 (1) 5 (1) 1.876@ 2@ 57@ .163@ .166^ .814^ .345^

The trainers 

had enough 

experience in 

medical as-

pects

4 (1) 5 (1) 4 (1) 3.248@ 2@ 57@ .046@ .108^ 1.00^ .064^

Effects of the training
The future 

trainings will 

contribute to 

reducing the 

learning curve 

for RARPs

4 (2) 5 (1) 4 (1) .470@ 2@ 57@ .628@ .602^ .868^ .856^

I would like 

to do simu-

lation-based 

training in the 

future

5 (1) 5 (1) 4 (1) 1.201@ 2@ 57@ .308@ .594^ .925^ .289^

I would rec-

ommend the 

course to other 

colleagues

4 (1) 5 (1) 4.5 

(1)

1.158@ 2@ 57@ .321@ .447^ 1.00^ .359^

Overall satisfaction on the different aspects of the course

Table 6. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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Participant 

satisfaction

8 (2) 9 (2) 8 (2) 3.514@ 2@ 52@ .037@ .129^ .965^ .041^

Materials 8 (1) 9 (1) 8 (2) 2.131@ 2@ 52@ .129@ .581^ .666^ .107^

Experts 8 (1) 9 (1) 8 (1) 1.618@ 2@ 52@ .208@ .459^ .928^ .197^

Effects of the 

training 

8 (2) 8 (1) 8 (2) 1.920@ 2@ 54@ .157@ .811^ .515^ .138^

Overall score 

course

8 (1) 9 (1) 8 (2) 2.954@ 2@ 54@ .061@ .412^ .663^ .049^

Table 6. continued

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 

@One-way Anova, ^Turkey HSD *Brown – Forsythe test, $ Games-Howell Post-Hoc Test, DF1 = 
degrees of freedom between groups, DF 2 = degrees of freedom within groups, n = number, mm= 
millimeters
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Discussion
In this study, we organised a training in robot simulation skills in order to investigate 
the influence of three different educational methods: proctoring, simulation guided 
training and self-study on the training of dexterity skills in novice surgeons. A total of 
70 participants were included in the study. The participants were randomly divided in 
three groups. 

(1) The ability of novice robotic surgeons to learn the skills required 
to perform the vesicourethral anastomosis step of the RARP during 
a 2-hour training session.
When comparing the pre-intervention results to the post-intervention results over-
all, all of the participants grew in their surgical skills during the training. The partic-
ipants showed fewer instances of improper suturing technique and a decrease in 
the number of unnecessary needle piercing points in the post-intervention exercise. 
These metrics show the participants had a greater under-standing of the techniques 
required to perform RAS and especially how to suture using the surgical robot. The 
decrease in number of injuries to the urethra is also a sign of a better understanding 
of the technique required to perform a vesicourethral anastomosis. The participants 
were able to, through better understanding of the simulator and the exercise, in-
crease the total number of en-trance and exit points through which the needle has 
passed which lead to a decrease in separation of the wound (anastomosis) after the 
intervention. This was done in the same period of time which shows the growth the 
participants experienced during the training.  

A separate analysis of the changes in simulation scores per intervention group shows 
some groups showed more growth than others. All groups showed a decrease in 
wound (anastomosis) separation in the post intervention scores compared to the 
pre-intervention scores. The non-intervention group showed a decrease in the clutch 
usage, the number of times the tissue was grabbed and in the number of movements 
with the right instrument.

The proctor guided group showed a decrease in damage to the vital structures (ure-
thra and bladder neck) and a decrease in the number of unnecessary needle piercing 
points. This could be the result of the proctoring since they received direct feedback 
by the proctor on their actions in order to adjust their behaviour accordingly. 

(2) The influence of the intervention on the learning curve of novice 
robotic surgeons.
There was no significant difference in development of surgical skills between the 
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three interven-tion groups. This shows the exposure to the robotic surgery skills sim-
ulator alone could possibly be sufficient to achieve the required dexterity skills when 
approaching RAS.  This could indicate that novice surgeons have little use of proctor-
ing or training by use of simulation guided exercises be-cause they are too focussed 
on learning the basic skills needed for performing robot-assisted sur-gery.  This result 
could be an indication of cognitive overload in the participants. Cognitive overload 
is the point in which the complexity of the task or the combination of external input 
(proctoring or added feedback from the simulator) with the task its self puts too much 
strain (cognitive load) on the learner.18 This cognitive overload could be detrimental to 
the learning process of novice sur-geons.18,19 A study by Andersen et al. shows cogni-
tive overload could lead to an inhibition of the learning process itself.19 Our observa-
tions may therefore indicate that the exercise selected is less suited to the included 
trainee’s experience and further basis skills training is required before em-barking 
on an advanced simulation exercises as  the VU anastomosis exercise. The notion 
is sup-ported by the fact that none of the trainees passed all threshold criteria set 
by Harrison et al during the post-intervention exercise.13 Another explanation could 
be the difference between the groups could lie in other factors not measured by the 
simulator. It is possible analysis of the videos of the simulation exercises could result 
in different findings for example a difference in depth perception, efficiency, force sen-
sitivity and robotic control. 

(3) The influence of the intervention on the participant’s satisfaction 
of novice robotic surgeons
Based on the evaluation of the participant’s satisfaction the proctor guided group felt 
more like they were actually performing a surgical step compared to the non-interven-
tion group, this could also be the effect of the proctoring, as novice doctors are used 
to someone proctoring them during surgery in order to be taught the specific step 
of the surgery, it could be that having someone next to them doing the same during 
simulation exercises helps create a similar atmosphere as in the operating room. The 
learning goals were less clear to the non-intervention group compared to the proctor 
guided group which could also be an effect of added explanation by the proctor dur-
ing the intervention. 

(4) The effect of participants’ characteristics (i.e. age, gender, lap-
aroscopic surgery experience, sur-gical experience, etc.) on the 
learning curve of novice surgeons.
The univariate analysis of the effect of the baseline characteristics on the change in 
simulation scores shows there is no relation between the change in surgical skills 
after the intervention and the individual baseline characteristics, these results are in 
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line with the findings of Meier et al.20 

Strengths and limitations 
The current study is a prospective randomised non-blinded randomized control trail. 
The partici-pants were aware on the existence of other study groups. However, they 
were not aware on the details of the other study groups. One of the challenges of this 
study was the inclusion of partici-pants, even though there are enough interns, PhDs 
and residents in the vicinity of the study loca-tion, it seems the subject of the study or 
the duration of the training (2 hours) had a deterring ef-fect on the participants. After 
multiple reminders the required number of participants was includ-ed. The randomi-
zation was performed using a simple randomization, prior to the start of the study.

The trainers who have been training the participants from the proctor guided group, 
were not ex-pert robotic surgeons. They were researches who received a specif-
ic training including intensive simulation and extensive surgical procedures video 
watching. However due to the high time in-vestment (23 times 2 hours) it was not 
possible to use expert robotic surgeons as proctor in this study. 

The duration of the training was 2 hours, breaks were not included. This could have 
resulted in an excessive tiredness of the participants with a negative impact on the 
performance. At the same time the inclusion of breaks could have had a negative 
impact (distributed practice) on train-ees in particular between the intervention and 
post-intervention phase training 19,21  To our knowledge, in literature there are no 
data regarding the tiredness of surgeons during laparoscopic surgery22,23 and similar 
studies have not been performed either for RAS.  

The sample size was based on a publication of Sung Shim et al.3 They compared dif-
ferent types of simulation (independent learning, proctoring, and video guided learn-
ing) used during a training session focused on the performance of the vesicourethral 
anastomosis.  The main outcome of the study was the time to complete the task and 
when comparing it with the results from Harri-son et al.21 it is noticeable that they are 
significantly different (253.47 vs. 2055.83 seconds). Based on this difference, we 
choose to use a fixed duration for the performance of the vesicourethral anastomosis. 
Based on the results of Harrison et al. a maximum time of 30 minutes per repetition is 
an acceptable timing to perform a vesicourethral anastomosis 
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Conclusion
The results of the present study showed that novice surgeons can significantly in-
crease their dexterity skills (the ability to perform RAS) in a short time of practicing 
advanced robotic surgery skills on a simulator. The proctor guided group reported a 
higher participant’s satisfaction scores compared to the simulation trained group and 
this could indicate a higher motivation to continue their training. The lack of differ-
ence in simulation results between the intervention groups showed that the im-pact 
of proctored guidance and simulator-generated guidance during the initial phase of 
learning robotic assisted surgery (RAS) is limited. Since there is no difference be-
tween the intervention groups, the exposure to the robotic surgery skills simulator 
alone could possibly be sufficient to achieve the required dexterity skills when ap-
proaching RAS. Further research is needed to investi-gate if early skills on simulator 
could represent an indicator for robotic surgery aptitude and talent. 
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Appendix 

Appendix 1. Pre-intervention vesicourethral anastomosis simulation 
exercise scores.

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 

Time and Economy
Total time (sec-

onds)

1739.4 

(307.3)

1709.4 

(275.0)

1597.1 

(566.6)

1.671@ 2@ 66@ 0.196@ 0.643^ 0.623^ 0.169^

Number of 

movements - left 

instrument (n)

1089.0 

(2013.0)

1025.0 

(482.3)

1019.5 

(480.0)

1.207@ 2@ 66@ 0.305@ 0.748^ 0.688^ 0.274^

Number of 

movements - right 

instrument (n)

1250.0 

(759.0)

1053.0 

(549.5)

1151.5 

(451.5)

0.947@ 2@ 66@ 0.393@ 0.909^ 0.624^ 0.380^

Path length - left 

instrument (mm)

11343.3 

(6945.7)

10905.3 

(8368.0)

9276.2 

(4213.0)

1.712@ 2@ 66@ 0.188@ 0.541^ 0.715^ 0.163^

Path length - right 

instrument (mm)

12481.9 

(6854.2)

11578.4 

(8574.2)

10382..7 

(5228.2)

1.454@ 2@ 66@ 0.241@ 0.657^ 0.686^ 0.211^

Distance by cam-

era (mm)

1030.7 

(2004.1)

1003.4 

(1053.3)

847.8 

(871.5)

0.618@ 2@ 66@ 0.542@ 0.809^ 0.878^ 0.511^

Instrument colli-

sions (n)

83.0 

(94.0)

72.0 

(52.8)

74.0 

(72.8)

0.364@ 2@ 66@ 0.697@ 0.854^ 0.678^ 0.954^

Total path of instru-

ments traveled out 

of view (mm)

1214.1 

(3208.9)

1342.9 

(3668.5)

1183.7 

(1476.6)

0.559@ 2@ 66@ 0.574@ 0.778^ 0.929^ 0.551^

Number of times 

instruments are out 

of view (n)

43.0 

(83.0)

47.0 

(64.3)

33.5 

(76.0)

0.008@ 2@ 66@ 0.992@ 1.000^ 0.993^ 0.995^
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Total time instru-

ments are out of 

view (seconds)

82.5 

(267.3)

121.5 

(317.2)

98.3 

(129.5)

0.873@ 2@ 66@ 0.422@ 0.724^ 0.848^ 0.391^

Clutch usage (n) 8.0 (13.0) 4.5 

(15.8)

4.5 (11.8) 0.391@ 2@ 66@ 0.678@ 0.721^ 1.000^ 0.724^

Safety and Complications 
Injury to the Ure-

thra (n)

9.0 (12.0) 11.5 

(14.3)

9.0 (9.5) 0.974@ 2@ 66@ 0.393@ 0.953^ 0.394^ 0.581^

Injury to Bladder 

Neck (n)

2.0 (6.0) 2.0 (4.5) 1.0 (4.0) 1.654@ 2@ 62@ 0.200@ 0.887^ 0.402^ 0.195^

Suspected injury to 

the Bladder (n)

1.0 (2.0) 0.0 (0.0) 0.0 (1.0) 4.011* 2* 24.602* 0.031* 0.078$ 0.189$ 0.502$

Suspected injury to 

the Neurovascular 

Bundle (n)

1.0 (3.0) 1.0 (3.0) 0.0 (1.0) 1.937* 2* 42.173* 0.157* 0.977$ 0.159$ 0.178$

Suspected injury 

to the Ureteral 

Orifices (n)

0.5 (1.3) 0.0 (1.0) 0.0 (1.0) 0.608@ 2@ 56@ 0.548* 0.994^ 0.658^ 0.571^

Suspected injury 

to the Endopelvic 

Fascia/Urethral 

Sphincter (n)

6.0 (7.0) 7.0 

(15.5)

3.0 (8.0) 2.264* 2* 36.198* 0.118* 0.454$ 0.556$ 0.168$

Wound separation 

(mm)

13.6 

(7.3)

13.6 

(4.5)

14.6 

(10.2)

0.746@ 2@ 66@ 0.478@ 0.530^ 0.999^ 0.550^

Improper suturing 

technique (n)

4.0 (5.0) 3.0 (4.0) 1.0 (3.0) 0.635@ 2@ 57@ 0.534@ 0.600^ 0.583^ 0.999^

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 
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Needle handling
Percentage of 

stitches within 

optimal depth (%)

66.7 

(47.1)

50.0 

(25.9)

51.8 

(57.8)

1.731* 2* 58.030* 0.186* 0.304$ 0.232$ 0.869$

Number of 

unnecessary 

needle piercing 

points (n)

78.0 

(45.0)

75.5 

(65.8)

53.5 

(38.0)

3.353@ 2@ 66@ 0.021@ 1.000^ 0.041^ 0.043^

The total number 

of entrance 

and exit points 

through which 

the needle has 

passed (n)

24.0 

(14.0)

18.0 

(16.0)

23.0 

(26.0)

0.083@ 2@ 66@ 0.921@ 0.977^ 0.913^ 0.980^

Suture handling
Excessive force - 

Suture breakage 

(n) 

0.0 (1.0) 0.0 

(0.0)

0 (0.0) 0.446@ 2@ 66@ 0.642@ 0.616^ 0.913^ 0.847^

Tissue handling
Number of times 

the tissue was 

grasped (n)

21.0 

(28.0)

13.0 

(13.3)

13.0 

(14.3)

3.398* 2* 35.710* 0.018* 0.088$ 0.070$ 0.980$

Variable

N
o guidance group (n=23)

Proctor guided group (n=23)

Sim
ulator generated guidance group 

(n=24)

F-value

D
F 1

D
F 2

p-value overall

P-value N
on-N

o guidance group vs... 

Proctor guided group 

P-value N
on-N

o guidance group vs... 

Sim
ulator generated guidance group 

P-value Proctor guided group vs... 

Sim
ulator generated guidance group 

@One-way Anova, ^Turkey HSD *Brown – Forsythe test, $ Games-Howell Post-Hoc Test, DF1 = 
degrees of freedom between groups, DF 2 = degrees of freedom within groups,  n = number, mm= 
millimeters
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Appendix 2. Comparison of the pre-intervention and post-interven-
tion vesicourethral anastomosis simulation exercise overall scores. 
Variable Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

Time and Economy
Total time (sec-

onds)$

66 1714.7 (466.9) 1679.9 (497.3) 81.9 (472.1) -1.409 .159

Number of 

movements - 

left instrument 

(n)$

66 1025.0 (593.0) 1036.0 (404.5) -3.0 (433.0) -0.297 .766

Number of 

movements - 

right instrument 

(n)$

66 133.0 (516.5) 1138.0 (461.0) 8.0 (473.0) -0.866 .387

Path length - 

left instrument 

(mm)$

66 10184.8 

(6776.2)

10782.0 

(5770.6)

-803.2 (4315.6) -0.393 .694

Path length - 

right instrument 

(mm)$

66 11285.7 

(6438.4)

10873.5 

(4801.5)

-403.5 (5853.2) -0.105 .916

Distance by 

camera (mm)$

66 984.65 (1221.8) 762.56 (1446.4) 1.419 (1115.0) -0.719 .472

Instrument 

collisions (n)$

66 74.0 (81.0) 67.0 (54.0) 6.0 (74.0) -1.054 .292

Total path of 

instruments 

travelled out of 

view (mm)$

66 1308.4 (2553.1) 1404.6 (2160.6) -118.2 (2066.9) -0.227 .821

Number of 

times instru-

ments are out 

of view (n)$

66 41.0 (74.0) 46.0 (66.5) -9.0 (61.0) -0.862 .388
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Total time 

instruments 

are out of view 

(seconds)$

66 106.7 (205.5) 154.5 (212.9) -21.0 (135.0) -1.230 .219

Clutch usage 

(n)$

66 5.00 (12.5) 4 (7.3) 1 (11) -1.972 .049

Safety and Complications
Injury to the 

Urethra (n)$

66 9.0 (12.5) 7.0 (12.5) 3.0 (10.0) -2.382 .017

Injury to Blad-

der Neck (n)$

62 2.0 (3.0) 2.0 (2.5) 0.0 (4.0) -0.226 .821

Suspected 

injury to the 

Bladder (n)$

54 0.0 (0.8) 0.0 (0.0) 0.0 (0.0) -0.389 .697

Suspected 

injury to the 

Neurovascular 

Bundle (n)$

54 0.5 (2.0) 0.0 (1.0) 0.0 (1.0) -1.328 .184

Suspected 

injury to the 

Ureteral Orific-

es (n)$

53 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) -0.965 .334

Suspected 

injury to the 

Endopelvic 

Fascia/Urethral 

Sphincter (n)$

60 4.0 (9.5) 5.0 (5.5) 2.0 (7.0) -2.176 .030

Wound separa-

tion (mm) *

66 14.0 (6.3) 11.5 (8.4) 4.2 (7.3) 6.790 <.0001

Improper sutur-

ing technique 

(n)$

52 2.0 (4.0) 1.0 (2.0) 0.0 (3.0) -3.047 .002

Variable Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value
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Needle handling
Percentage of 

stitches within 

optimal depth 

(%) *

66 54.5 (40.5) 63.6 (43.4) -6.2 (46.0) -1.035 .304

Number of 

unnecessary 

needle piercing 

points (n)$

66 69.0 (48.5) 53.0 (28.5) 11.0 (54.0) -2.932 .003

The total num-

ber of entrance 

and exit points 

through which 

the needle has 

passed (n)$

66 22.0 (18.0) 28.0 (16.0) -6.0 (15.0) -2.793 .005

Suture handling
Excessive 

force - Suture 

breakage (n) $

66 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) -0.6113

Tissue handling
Number of 

times the tissue 

was grasped 

(n)$

66 13.0 (17.0) 11.0 (15.5) 2.0 (17.0) -1.254 .210

Variable Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

*two-sided t-test for paired samples, $Wilcoxon Signed Ranks Test 
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Appendix 3a. Comparison of the pre-intervention and post-interven-
tion vesicourethral anastomosis simulation exercise scores for the 
no guidance group

Variable No guidance group
Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

Time and Economy
Total time (sec-

onds)

21 1739.4 (307.3) 1387.5 (594.2) 242.9 (486.9) -1.929 .054

Number of 

movements - 

left instrument 

(n)

21 1089.0 (2013.0) 880.0 (416.0) 68.0 (499) -2.068 0.039

Number of 

movements - 

right instrument 

(n)

21 1250.0 (759.0) 955.0 (522.5) 188.0 (542) -2.538 .011

Path length - 

left instrument 

(mm)

21 11343.3 

(6945.7)

9395.6 (5234.0) 1232.3 (6042.0) -1.199 .230

Path length - 

right instrument 

(mm)

21 12481.9 

(6854.2)

9569.3 (4814.2) 985.9 (5569.0) -1.755 .079

Distance by 

camera (mm)

21 1030.7 (2004.1) 389.9 (1982.9) 157.9 (1159.5) -1.964 .050

Instrument 

collisions (n)

21 83.0 (94.0) 73.0 (54.0) 13.0 (77) -1.668 .095

Total path of 

instruments 

traveled out 

of view (mm)

21 1214.1 

(3208.9)

867.0 

(1202.9)

190.3 

(1948.7)

-1.447 .140

Number of 

times instru-

ments are out 

of view (n)

21 43.0 (83.0) 35.0 (59.0) -3.0 (55) -0.747 .455

Proefschrift 20230318 met bijlagen.indd   97Proefschrift 20230318 met bijlagen.indd   97 30-03-2023   20:2830-03-2023   20:28



98

Chapter 3

Total time in-

struments are 

out of view 

(seconds)

21 82.5 (267.3) 94.3 (224.1) 4.7 (125.1) -0.122 .903

Clutch usage 

(n)

21 8.0 (13.0) 2.0 (4.5) 7.0 (12) -2.939 .003

Safety and Complications
Injury to the 

Urethra (n)

21 9.0 (12.0) 6.0 (16.0) 3.0 (13) -1.383 .167

Injury to Blad-

der Neck (n)

20 2.0 (6.0) 2.0 (4.5) 0.0 (3) -0.208 .835

Suspected 

injury to the 

Bladder (n)

14 1.0 (2.0) 0.0 (3.3) 0.0 (1) -1.913 .056

Suspected 

injury to the 

Neurovascu-

lar Bundle (n)

12 1.0 (3.0) 1.0 (2.0) 0.0 (1) -0.604 .546

Suspected 

injury to the 

Ureteral Ori-

fices (n)

14 0.5 (1.3) 1.0 (1.8) 0.0 (1) -0.979 .327

Suspected 

injury to the 

Endopelvic 

Fascia/Ure-

thral Sphinc-

ter (n)

17 6.0 (7.0) 3.0 (3.5) 1.5 (7) -1.880 .060

Variable No guidance group
Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value
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Wound sepa-
ration (mm)

21 13.6 (7.3) 10.47 (8.4) 5.2 (7.9) -3.375 .001

Improper 
suturing tech-
nique (n)

12 4.0 (5.0) 1.0 (2.8) 0.0 (4) -2.089 0.036

Needle handling
Percentage of 
stitches within 
optimal depth 
(%)

21 66.7 (47.1) 70.0 (42.6) -1.1 (44.4) -0.156 .876

Number of 
unnecessary 
needle pierc-
ing points (n)

21 78.0 (45.0) 63.0 (31.5) 18.0 (51) -2.207 .027

The total 
number of 
entrance and 
exit points 
through which 
the needle 
has passed 
(n)

21 24.0 (14.0) 30.0 (14.0) -2.0 (15) -0.591 .555

Suture han-
dling
Excessive 
force - Suture 
breakage (n)

21 0.0 (1.0) 0.0 (0.5) 0.0 (1) -0.540 .589

Tissue han-

dling
Number of 

times the 

tissue was 

grasped (n)

21 21.0 (28.0) 9.0 (15.0) 3.0 (18) -2.440 .015

Variable No guidance group
Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

Wilcoxon Signed Ranks Test 
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Appendix 3b. Comparison of the pre-intervention and post-interven-
tion vesicourethral anastomosis simulation exercise scores for the 
proctor guided group

Variable Proctor guided group
Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

Total time (seconds)
Number of 

movements - 

left instrument 

(n)

21 1709.4 (275.0) 1733.7 (365.6) -24.9 (503.4) -0.747 .455

Number of 

movements - 

right instrument 

(n)

21 1025.0 (482.3) 1023.0 (496.0) 27.5 (426) -0.017 .986

Path length - 

left instrument 

(mm)

21 1053.0 (549.5) 1197.0 (329.5) -42.0 (537) -0.087 .931

Path length - 

right instrument 

(mm)

21 10905.3 

(8368.0)

11135.9 

(4832.4)

-290.8 (4684.8) -0.122 .903

Distance by 

camera (mm)

21 11578.4 

(8574.2)

11659.2 

(5145.8)

1599.9 (5979.8) -0.017 .986

Instrument 

collisions (n)

21 1003.4 (1053.3) 860.3 (1417.9) -14.7 (1622.5) -0.608 .543

Total path of 

instruments 

traveled out 

of view (mm)

21 72.0 (52.8) 58.0 (40.0) 16.0 (63) -1.304 .192

Number of 

times instru-

ments are out 

of view (n)

21 1342.9 

(3668.5)

1987.1 

(1767.8)

113.0 

(1995.6)

-0.052 0.958
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Total time in-

struments are 

out of view 

(seconds)

21 47.0 (64.3) 53.0 (59.0) -1.0 (77) -1.061 .289

Total time in-

struments are 

out of view 

(seconds)

21 121.5 (317.2) 145.7 (157.9) -49.0 (207.9) -0.400 .689

Clutch usage 

(n)

21 4.5 (15.8) 5.0 (12.5) 0.0 (11) -.087 .931

Safety and Complications
Injury to the 

Urethra (n)

21 11.5 (14.3) 6.0 (10.0) 4.0 (10) -2.401 .016

Injury to Blad-

der Neck (n)

20 2.0 (4.5) 2.0 (1.0) 0.5 (5) -2.389 .017

Suspected 

injury to the 

Bladder (n)

19 0.0 (0.0) 0.0 (0.0) 0.0 (0) -1.732 .083

Suspected 

injury to the 

Neurovascu-

lar Bundle (n)

21 1.0 (3.0) 1.0 (2.0) 0.0 (2) -0.837 .403

Suspected 

injury to the 

Ureteral Ori-

fices (n)

19 0.0 (1.0) 0.0 (1.0) 0.0 (1) -0.489 .625

Suspected 

injury to the 

Endopelvic 

Fascia/Ure-

thral Sphinc-

ter (n)

20 7.0 (15.5) 6.0 (6.0) 0.0 (9) -1.283 .200

Variable Proctor guided group
Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value
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Wound sepa-
ration (mm)

21 13.6 (4.5) 11.519 (6.8) 3.1 (6.3) -2.597 .009

Improper 
suturing tech-
nique (n)

20 3.0 (4.0) 0.5 (2.0) 1.0 (4) -2.108 .035

Needle handling
Percentage of 
stitches within 
optimal depth 
(%)

21 50.0 (25.9) 60.0 (54.0) -3.0 (50.0) 0.000 1.000

Number of 
unnecessary 
needle pierc-
ing points (n)

21 75.5 (65.8) 48.0 (29.0) 29.5 (75) -2.381 .017

The total 
number of 
entrance and 
exit points 
through which 
the needle 
has passed 
(n)

21 18.0 (16.0) 24.0 (14.0) -6.0 (15) -0.898 .369

Suture handling
Excessive 
force - Suture 
breakage (n)

21 0.0 (0.0) 0.0 (0.0) 0.0 (0) -1.000 .317

Tissue handling
Number of 

times the 

tissue was 

grasped (n)

21 13.0 (13.3) 11.0 (11.0) 6.5 (16) -0.785 .433

Variable Proctor guided group
Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

Wilcoxon Signed Ranks Test 

Proefschrift 20230318 met bijlagen.indd   102Proefschrift 20230318 met bijlagen.indd   102 30-03-2023   20:2830-03-2023   20:28



 103

Training novice robot surgeons: Proctoring provides same results as simulator-generated guidance

Appendix 3c. Comparison of the pre-intervention and post-interven-
tion vesicourethral anastomosis simulation exercise scores for the 
Simulator generated guidance group
Variable Simulator generated guidance group

Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

Total time (seconds)
Number of 

movements - 

left instrument 

(n)

24 1597.1 (566.6) 1675.3 (442.2) 12.5 (355.9) -0.286 .775

Number of 

movements - 

right instrument 

(n)

24 1019.5 (480.0) 1089.0 (457.8) -20.0 (332) -1.314 .189

Path length - 

left instrument 

(mm)

24 1151.5 (451.5) 1191.5 (486.0) -47.0 (286) -1.429 .153

Path length - 

right instrument 

(mm)

24 9276.2 (4213.0) 12509.3 

(6156.3)

-1249.0 

(3198.0)

-2.171 .030

Distance by 

camera (mm)

24 10382..7 

(5228.2)

11422.6 

(5964.7)

-849.1 (3547.3) -2.114 .034

Instrument 

collisions (n)

24 847.8 (871.5) 1163.8 (1618.3) 1.1 (954.2) -1.400 .162

Total path of 

instruments 

traveled out 

of view (mm)

24 74.0 (72.8) 69.5 (64.3) -8.0 (84) -0.986 .324

Number of 

times instru-

ments are out 

of view (n)

24 1183.7 

(1476.6)

2069.9 

(2580.5)

-299.8 

(1537.4)

-1.029 .304
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Total time in-

struments are 

out of view 

(seconds)

24 33.5 (76.0) 66.5 (73.0) -12.0 (53) -0.900 .368

Total time in-

struments are 

out of view 

(seconds)

24 98.3 
(129.5)

167.6 
(236.2)

-21.0 
(156.9)

-1.714 .086

Clutch usage 

(n)
24 4.5 (11.8) 4.5 (7.5) 0.0 (15) -0.574 .566

Safety and Complications
Injury to the 

Urethra (n)

24 9.0 (9.5) 8.5 (11.5) 2.0 (9) -0.470 .638

Injury to Blad-

der Neck (n)

22 1.0 (4.0) 2.0 (7.0) -1.0 (6) -2.186 .029

Suspected 

injury to the 

Bladder (n)

21 0.0 (1.0) 0.0 (0.0) 0.0 (0) -1.414 .157

Suspected 

injury to the 

Neurovascu-

lar Bundle (n)

21 0.0 (1.0) 0.0 (1.0) 0.0 (1) -0.990 .322

Suspected 

injury to the 

Ureteral Ori-

fices (n)

20 0.0 (1.0) 0.0 (2.0) 0.0 (2) -1.096 .237

Suspected 

injury to the 

Endopelvic 

Fascia/Ure-

thral Sphinc-

ter (n)

23 3.0 (8.0) 5.0 (6.0) 2.0 (10) -0.593 .533

Variable Simulator generated guidance group

Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value
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Wound sepa-
ration (mm)

24 14.6 (10.2) 11.0 (14.9) 3.1 (6.3) -3.102 .002

Improper 
suturing tech-
nique (n)

20 1.0 (3.0) 0.0 (3.0) 0.0 (2) -0.981 .326

Needle handling
Percentage of 
stitches within 
optimal depth 
(%)

24 51.8 (57.8) 57.3 (43.7) -14.6 (37.5) -1.347 .178

Number of 
unnecessary 
needle pierc-
ing points (n)

24 53.5 (38.0) 53.0 (28.5) 8.0 (38) -0.143 .886

The total 
number of 
entrance and 
exit points 
through which 
the needle 
has passed 
(n)

24 23.0 (26.0) 31.0 (37.0) -4.0 (16) -2.731 .006

Suture handling
Excessive 
force - Suture 
breakage (n)

24 0.0 (0.0) 0.0 (0.8) 0.0 (0) -0.877 .380

Tissue handling
Number of 

times the 

tissue was 

grasped (n)

24 13.0 (14.3) 13.0 (22.0) -2.0 (14) -0.815 .415

Variable Simulator generated guidance group

Number of 

participants 

of which 

data was 

available

Pre-inter-

vention 

score, Medi-

an (IQR)

Post-in-

tervention 

score, Medi-

an (IQR)

Difference in 

score, Medi-

an (IQR)

Z-value$ / 

T-value*

p-value

Wilcoxon Signed Ranks Test 
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Structured robot-assisted surgery training curriculum for residents in Urology and impact on future 
surgical activity 

Abstract

Objective
To gain insight into the availability of training for robot assisted surgery and the pos-
sibility to perform robot assisted surgery during Dutch residency curriculum and to 
analyze the effects on surgical skills of the introduction of an advanced course in 
robot assisted surgery for residents.

Design
A combination of a validated snap shot survey and a prospective cohort study

Setting
Structured advanced RAS training including virtual reality (VR) simulation, dry and 
wet lab facility at ORSI academy (Belgium).

Participants
A snap-shot survey has been sent to all the residents and specialists in Urology grad-
uated during the years 2017, 2018, 2019 and 2020 in Netherlands. Among residents 
only last year residents (5th and 6th year) have been considered for the RAS training 

Results
Although most of the residents (88.2%) and young urologists (95%) were asked to 
follow a basic training or meet basic requirements before starting RAS, the require-
ments set by the educators were different from center to center. Some of them were 
required to attend only an online course on RAS, whereas others were asked to 
achieve threshold scores at VR simulator and participate in a standardized course at 
a training institute. The attendance to a structured advanced course in RAS showed 
a significant increase in surgical skills. The results of this study show 7 out of 10 
trainees are allowed to perform RAS in their own hospital after the course.

Conclusions
Our study shows residents in urology are allowed to perform robot assisted surgery 
during their residency. Criteria for starting RAS differ significantly amongst the teach-
ing hospitals. To guarantee a basic level of skills and knowledge a structured (mul-
ti-step) training and certification program for RAS should be implemented. Residents 
who participated in a structured RAS course show a significant increase in surgical 
skills, after the course a majority of participants were allowed to perform RAS in their 
own hospital. 
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Structured robot-assisted surgery training curriculum for residents in Urology and impact on future 
surgical activity 

Introduction
The introduction of robotic-surgery dramatically changed the approach to the patient 
with urologic pathologies over the last decade.1–7 Initially,  the novice robotic surgeon 
was receiving a short compulsory course in the basics of robotic surgery by the man-
ufacturer. Nowadays the next generation of robotic surgeons have many opportuni-
ties to learn robot assisted surgery (RAS) before operating on patients. Indeed, many 
training methods are available including the possibility of mentoring by an expert 
surgeon during the initial phase of the learning curve. 

A basic robotic surgery training with “the introduction to the robotic system” is usually 
provided by the manufacturer to surgeons starting with RAS. However not all the nov-
ice robotic surgeons have access to this basic training programme which could result 
in a serious gap of knowledge. The Dutch Healthcare Inspectorate (IGJ) published a 
report in 2010 entitled ‘Inadequate preparation in the introduction of surgical robots.’ 
This reports states that the starting criteria were undefined for autonomously perform-
ing robotic surgery and advocates education, proven capability and competency for 
‘robotic surgeons’.2,8 

The lack of a structured curriculum and a defined set of skill-criteria during the res-
idency program, results in an unofficial not certified training based on the own per-
ception of knowledge and surgical skills acquired by the novice surgeon.9–11 This 
results in a burden of non-standardized training pathways that can differ significantly 
from trainee to trainee.12,13 Indeed previous research has shown that novice robotic 
surgeons are unable to accurately self-assess their skills.12 Based on the results of 
this study the objective assessment of dexterity and surgical skills should be included  
and the results  discussed with the trainees to  identify the need of further training ac-
cordingly to the progress of the trainee.12 In earlier research, we investigated whether 
the current specialists agreed that a basic training in to guarantee a basic level of 
skills for all new robot surgeons.3 The majority of robot professionals in the Nether-
lands agreed that robotic surgery should be learned in a structured training program 
to guarantee the surgical quality and safety to the patient.3 

In a recent study by the group of Satava et al, a randomized controlled trial was 
performed amongst inexperienced surgical trainees.14 This study showed that a 
well-structured curriculum where threshold scores are used to assess the participants  
(up to proficiency levels) resulted in a better performance on the avian tissue model 
(transfer test)  compared to the control group which was trained without a structured 
training. This showed that a structured training program is able to contributes signifi-
cantly to surgical skills of novice robot surgeons.14 
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In order to provide a structured training program in robot-assisted surgery the Euro-
pean Robotic Urological Society developed a curriculum (CC-ERUS) focused on the 
performance of robot-assisted radical prostatectomy (RARP).5,6,15,16  After its initial 
conception in 2014, the program has evolved into a structured training  curriculum. 
Indeed, it includes all the aspects of training, from the most basic ones as live case 
observation and table-side assistance, to the most advanced training facilities as vir-
tual reality (VR), dry and wet lab with the most complex and advanced training mod-
els available today. Moreover, it provides six months of modular training at a certified 
host center, and the performance of a full RARP case with the video assessment by 
expert surgeons.15 Currently, this curriculum is available for fellows who train in CC-
ERUS host centers. Since the implementation of training curricula for fellows is a step 
into the right direction, but, the training is demanding and expensive and therefore 
normally not available for residents. An increasing number of residents are allowed to 
train RAS on patients under the supervision of an experienced robotic surgeon during 
internship, however most of them do not have the possibility to receive a well-struc-
tured training and simulation before that. Thus, a structured curriculum during the 
residency program is also needed. For this reason, The Dutch and Belgian Associa-
tion of Urology organize yearly a one-week training at ORSI Academy (https://www.
orsi-online.com/en) in order to provide a structured and supervised training for resi-
dents. The question arises whether residents poses a sufficient background to effec-
tively participate in the course and in order to meet educational goals. 

We therefore asked ourselves the following questions: (1) What is the current availa-
bility of training for robot assisted surgery and the possibility to perform robot assist-
ed surgery during Dutch residency in urology curriculum?  (2) Do residents show a 
significant increase in Simulation-based surgical skills following the curriculum? (3) 
Are residents able/allowed by their trainers to perform robot assisted surgery after the 
curriculum?
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Methods

Study design and participant selection
The study contains two separate study populations for the survey and for the training. 

Snap shot survey study population.
Participants included in this study were residents and young specialists in Urology. A 
snap-shot survey has been sent to all the residents and young specialists in Urology 
graduated in the Netherland during the years 2017, 2018, 2019 and 2020. 

The snapshot survey structure.
The survey was designed to gain insights into the position of robot-assisted surgery 
in the urology curriculum and the manner of training received by the residents be-
fore their first robot-assisted procedure. The questionnaire, developed using Google 
forms (https://www.google.com/forms/about/) was distributed by the Dutch Society of 
Urology via E-mail. The questions are presented in table 1. The questionnaires were 
developed by a group of urologists, the questionnaire was validated using face validi-
ty by a panel of experts in the field of surgical robotics. 

Advanced training course study population.
Residents from the last year of residency program and young Urologists have been 
selected to participate to an advanced course in RAS at ORSI Academy (Belgium). 
The selection process has been performed using a questionnaire and specific criteria 
based on the motivation/interest in RAS, the successful completion of the DaVinci 
online training module, the availability of a supervisor at their institution, and the pos-
sibility to perform RAS after the course,(Appendix 1).

The proposed advanced course in RAS was based on the training curriculum for Ro-
bot-assisted Radical Prostatectomy (RARP) developed by Mottrie et al.  (CC-ERUS 
= Certified Curriculum from the European Association of Urology - Robotic Urology 
Section) (Appendix 2).15  The participants’ surgical skills have been assessed before 
and after the course. Moreover, they have been asked to complete specific question-
naires immediately after and at different follow-up periods after the course.

Advanced training course structure 
The structure of the advanced RAS course (part of the CC-ERUS curriculum) is well 
displayed in Appendix 2. The advanced RAS course is an intensive 5-day course 
performed at ORSI Academy in Belgium. It contemplated VR simulation, dry lab, and 
web lab facility. 
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The first day of the course included a half-day introductory session given by a techni-
cian who explained all the main features of the robotic system in order to familiarize 
with the equipment and face troubleshooting. The remaining part of the day was ded-
icated to VR simulation and dry lab training on specific models as the suturing pad, 
the vesico-urethral anastomosis model and the Venezuelan Chicken.

During the second day, half of the participants attended a live case observation at 
OLV hospital in Aalst. There was the possibility to directly interact with the mentors/
trainers and at the same time, the participants were continuously stimulated watching 
important surgical details. 3D screens and double console were available in order to 
allow the trainees the same vision of the surgical field of the operating surgeon. The 
remaining part of the group had cadaver lab training on canine model. The partici-
pants trained the main steps of the radical prostatectomy and pelvic lymphadenecto-
my under the guidance of an expert trainer.  One dog was available for three partici-
pants. The group who had live case observation during the second day of the course 
received the cadaver lab training on the fourth day of the course and vice versa.

The third day and the fifth (last) day of the course were based on dry lab for all the 
participants. The model used was the living pig model and the trainees had the op-
portunity to train the main steps of the radical prostatectomy and pelvic lymphad-
enectomy under the guidance of an expert trainer. Before starting the participants 
were advised about the main features of the model receiving specific warnings about 
the fragility of the model (bleeding, urine extravasation etc.). One pig was available 
for three participants. 

Surgical skills assessment method
The participants have been assessed before and at the end of the training. The as-
sessment method was based on the performance of pre-selected exercises on virtual 
reality (VR) simulator. 

The exercises were selected based on a publication of Larcher et al.17 

The selected exercises are listed below. 

• Endowrist Manipulation 2- Match Board 2

• Energy and dissection-Energy Switch 2

• Camera and clutching - Ring Walk 3

• Needle Driving - Suture Sponge 2

• Needle Driving - Tubes
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surgical activity 
Questionnaires used during the advanced course 
Prior to the training program, all participants were asked to complete an online 
pre-training questionnaire (table 2). After 6 and 12 months additional online follow-up 
questionnaires (table 3) were sent to the participants to gain insight about the RAS 
exposure of the participants. The questionnaires were sent automatically by the 
self-service function of the Data Management module developed by Research Man-
ager https://my-researchmanager.com/en/home-2/. The questionnaires were devel-
oped by a group of urologists all questionnaires were validated using face validity by 
a panel of experts in the field of surgical robotics. 

Data analysis
Descriptive statistics were calculated for all available variables. Population sample 
size was determined by the logistical and financial aspects of the training provided 
as well as the number of eligible Dutch and Belgian residents. Mean and standard 
deviation or median and interquartile range were reported for continuous variables as 
indicated, depending on the distribution of the variables. Frequencies and proportions 
were used to describe categorical variables. The Wilcoxon signed-rank test (in case 
of non-normal distributed data) or a two-sided t-test for paired samples (in case of 
normal distributed data) was used to compare differences in results between the pre 
and post measurements of the Simulation-based performance scores. Linear regres-
sion analysis was performed in order to investigate the relations between the skills 
simulation scores and post training surgery exposure.  Statistical significance will be 
set at p <.05 based on a two-tailed comparison. Statistical analysis was performed 
with SPSS software v. 24 (SPSS Inc., Chicago, IL, USA)
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Results

Snapshot questionnaire amongst Dutch residents and recently 
graduated specialists in Urology
The questionnaire was sent to a total of 137 residents and 55 specialists in Urology 
who graduated in the year 2017, 2018, 2019, and 2020. 56 (40.1%) residents and 41 
(74.5%) urologists have responded. 

Results of the questionnaire are displayed in Table 1. Most of the young urologists 
who responded to the questionnaire graduated in the years 2018 and 2019 and most 
of them (61%) have a job as a staff member at their hospitals. More than half of them 
had performed or were performing Robot Assisted Surgery (RAS) at the moment of 
the survey.

Table 1 the results of the questionnaire on the availability of training for robot assisted surgery and 
the possibility to perform robot assisted surgery during Dutch residency curriculum. 

Residents, n (%) Urologists, n (%)
Number of respondents 56 (57.7) 41 (42.3)
Age, median (IQR) 32 (3) 36 (3)
Gender 
Male 26 (46.4) 28 (68.3)
Female 30 (53.6) 13 (31.7)
Year of graduation
<2018 - 6 (14.6)
2018 - 13 (31.7)
2019 - 16 (39.0)
2020 - 6 (14.6)
Current job
Staff member - 25 (61.0)
Fellow - 6 (14.6)
Urologist,Temporary position - 10 (24.4)
Currently performing or in the past performed RAS
Yes - 23 (56.1)
No - 18 (43.9)
Year of residency 
1st 8 (14.3) -
2nd 6 (10.7) -
3rd 9 (16.1) -
4th 12 (21.4) -
5th 9 (16.1) -
6th 12 (21.4) -
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Interested in performing RAS as a urologist?
Yes 45 (80.4) -
No 11 (19.6) -
Current type of hospital
Academic hospital 14 (31.1) 6 (26.1)
Teaching peripheral hospital 28 (62.2) 14 (60.9)
Rural hospital 3 (6.7) 3 (13.0)
Surgical robot present at hospital 
Yes 40 (88.9) 19 (82.6)
No 5 (11.1) 4 (17.4)
Dual Console present at hospital
Yes 19 (47.5) 9 (47.4)
No 21 (52.5) 10 (52.6)
Robotic skills simulator present at hospital 
Yes 27 (67.5) 12 (63.2)
No 8 (20.0) 4 (21.1)
Sometimes 5 (12.5) 3 (15.8)
Do you use the Robotic skills simulator 
Yes 23 (71.9) 7 (46.7)
No 9 (28.1) 8 (53.3)
Did you participate in the Advanced Course Robot Assisted Surgery at ORSI Academy?
Yes 7 (15.6) 10 (43.5)
No 36 (80.0) 10 (43.5)
I was rejected 2 (4.4) 3 (13.0)
Were you aloud to perform RAS during your residency?
Yes 17 (37.8) 20 (87.0)
No 28 (62.2) 3 (13.0)
In what year of your residency were you aloud to perform RAS for the first time?
1st 2 (11.8) -
2nd 1 (5.9) -
3rd 3 (17.6) 6 (30.0)
4th 7 (41.2) 8 (40.0)
5th 3 (17.6) 5 (25.0)
6th 1 (5.9) 1 (5.0)
Did you have to follow a basic training or meet basic requirements before starting robot-assisted 

surgery?
Yes 15 (88.2) 19 (95.0)
No 2 (11.8) 1 (5.0)

Residents, n (%) Urologists, n (%)

Table 1 continued
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What basic requirements were set before starting robot-assisted surgery?
Online course developed by the 

manufacturer of the system 

4 (26.7) 4 (21.1)

Simulator, training, not specified 0 2 (10.5)
Simulator, training, own initia-

tive

2 (13.3) 0

Simulator, all exercises. 2 (13.3) 2 (10.5)
Basic robot training NVU 0 1 (5.3)
Standardized course at training 

institute

1 (6.7) 2 (10.5)

Course on technical aspects of 

the robot

1 (6.7) 0

Online course not specified 0 1 (5.3)
Online course by Intuitive + 

instructions at the OR 

0 2 (10.5)

Simulator, all exercises + 

Standardized course at training 

institute

1 (6.7) 1 (5.3)

Online course not specified + 

Standardized course at training 

institute

0 2 (10.5)

Online course by Intuitive + 

Simulator, training, not specified 

1 (6.7) 1 (5.3)

Simulator, training, not specified 

+ Standardized course at train-

ing institute

1 (6.7) 0

Simulator, training, not specified 

+ HOT course

1 (6.7) 0

Course on technical knowledge 

of the robot + Simulator, all 

exercises.

1 (6.7) 0

Anatomy knowledge + Surgical 

movies + 10 surgeries beside 

assisting + Simulator, all exer-

cises. 

0 1 (5.3)

Do you believe that basic robot assisted surgery training should be part of the curriculum?
Yes 10 (66.7) 9 (47.4)
No 5 (33.3) 10 (52.6)

Residents, n (%) Urologists, n (%)

Table 1 continued
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In which year of the curriculum would you implement this training?
3rd 7 (70) 1 (11.1)
4th 2 (20) 4 (44.4)
5th 1 (10) 3 (33.3)
6th 0 1 (11.1)
Would you implement this training for all residents or only for the residents who are subspecializing 

in RAS?
All residents 8 (80) 5 (55.6)
subspecializing in RAS 2 (20) 4 (44.4)
Have you performed robot assisted surgery in the past 6 months?
Yes 12 (70.6) 9 (45.0)
No 5 (8.9) 11 (55.0)
How many robot-assisted procedures have you been allowed to partially operate in the past 6 

months?
<10 8 (53.3) 2 (20)
10-20 5 (33.3) 1 (10)
20-30 1 (6.7) 1 (10)
>30 1 (6.7) 5 (50)
How many robot assisted procedures did you perform as the first surgeon in the past 6 months?
<5 13 (86.7) 4 (40)
5-10 1 (6.7) 0
10-15 1 (6.7) 0
>15 0 6 (60)
Which type of procedures did you perform in the past six months?
Robot Assisted Radical Prosta-

tectomy

5 (33.3) 6 (60.0)

Robot Assisted Radical Cystec-

tomy

1 (6.7) 4 (40.0)

Robot Assisted Partial  Ne-

phrectomy

7 (46.7) 4 (40.0)

Robot Assisted Radical  Ne-

phrectomy

6 (40) 6 (60.0)

Robot Assisted Radical  

Nephro-Ureterectomy

1 (6.7) 1 (10.0)

Robot Assisted Plevic Lymphe 

node Dissection

1 (6.7) 3 (30.0)

Robot Assisted  Pyelo-Plasty 4 (26.7) 1 (10.0)
Other 1 96.7) 1 (10.0)

Residents, n (%) Urologists, n (%)

Table 1 continued
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Of the residents who responded to the questionnaire almost 60% were in their 4th 
year or higher. Most of the residents (80.4%) were interested to perform RAS after 
graduation. More than 80% of the residents who are interested in RAS and urologists 
who were performing RAS had a surgical robot in their hospital. Almost 90% of the 
urologist who are currently performing RAS were allowed to perform RAS during their 
residency, 70% were allowed to perform RAS before their 5th year of residency. Of 
the residents who responded to be interested in RAS less than 40% were involved in 
RAS during their residency program. Of the residents who were allowed to participate 
in RAS 76% did this before their 5th year. Although most of the residents (88.2%) and 
young urologists (95%) were asked to follow a basic training or meet basic require-
ments before starting robot-assisted surgery, the requirements set by the educators 
were different from center to center. Some of them were required to attend only an 
online course on RAS, whereas others were asked to achieve threshold scores at VR 
simulator and participate in a standardized course at a training institute. Most of the 
residents (66,7%) and nearly half of the young urologists (47,4%) agreed that RAS 
training should be included as a standard part within the residency program.

The former claimed it should be included within the 3rd year of the residency pro-
gram (70%) and it should be made available for all residents (80%), while the latter 
sustained that it should be implemented in the 4th (44.4%) or 5th year (33.3%) of the 
residency program and 55.6% of the urologists agree the training should be available 
for all residents. 

The advanced course in Robot Assisted Surgery
A total of 29 participants were selected for the course (6 in 2018, 8 in 2019, and 15 
in 2020). The baseline characteristics of all participants are shown in table 2. The 
72.4% of the residents selected for the course were male (21 participants) and 55.2% 
were Dutch (16 participants). In the Netherlands 61% of the applicants (16/26 appli-
cations) were selected for the course. More than 90% of the participants were resi-
dents at the time of the course, 2 participants just ended their residency program and 
Table 2 Baseline Characteristics, Laparoscopic experience and robot assisted surgery experience for the resi-
dents who were selected for the course with specifications per year of the course.

 2018 (n=6) 2019 (n=8) 2020 (n=15) Overall (n=29)
Age, median 

(IQR)

34 (33-34) 32 (30 - 32) 31 (30 – 32) 32 (30 – 33)

Sex, n (%) 
Male 5 (83.3) 5 (62.5) 11 (73.3) 21 (72.4)
Female 1 (16.7) 3 (37.5) 4 (26.7) 8 (27.6)
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Table 2 continued.

Nationality, n (%)
Belgian 0 4 (50) 9 (60.0) 13 (44.8)
Dutch 6 (100) 4 (50) 6 (40.0) 16 (55.2)
Occupation, n (%) 
Resident 5 (83.3) 8 (100) 14 (93.3) 27 (93.1)
Fellow 0 0 1 (6.7) 1 (3.4)
Urologist 1 (16.7) 0 0 1 (3.4)
Year of Residency, n (%) 
5th 3 (60) 2 (25) 0 5 (18.5)
6th 2 (40) 6 (75) 14 (100) 22 (81.5)
Experience laparoscopic surgery, n (%) 
Surgery on real 

patients

5 (83.3) 7 (87.5) 14 (93.3) 26 (89.7)

Assisted during 

laparoscopic 

surgery

1 (16.7) 3 (37.5) 5 (33.3) 9 (31.0)

Experience laparoscopic surgery on real patients, n (%)
<10 hours 0 0 2 (13.3) 2 (6.9)
10-30 hours 1 (16.7) 2 (25.0) 4 (26.7) 7 (24.1)
30-60 hours 5 (83.3) 3 (37.5) 3 (20.0) 11 (37.9)
60-90 hours 0 2 (25.0) 4 (26.7) 6 (20.7)
>90 hours 0 0 1 (6.7) 1 (3.4)
Experience robot assisted surgery, n (%) 
Assisted during 

robot assisted 

surgery

2 (33.3) 4 (50.0) 4 (46.7) 10 (34.4)

Simulation expe-

rience

3 (50.0) 0 6 (40.0) 9 (31.0)

Surgery on real 

patients

2 (33.3) 5 (62.5) 9 (60.0) 16 (55.2)

No experience 

using the surgical 

robot

0 1 (12.5) 0 1 (3.4)

Experience robot assisted surgery on real patients, n (%) 
0 hours 0 3 (37.5) 6 (40.0) 9 (31.0)
<10 hours 2 (33.3) 0 1 (6.7) 3 (10.3)
10-20 hours 2 (33.3) 1 (12.5) 6 (40.0) 9 (31.0)
20-30 hours 1 (16.7) 4 (50) 2  (13.3) 7 (24.1)
>30 hours 1 (16.7) 0 0 1 (3.4)

 2018 (n=6) 2019 (n=8) 2020 (n=15) Overall (n=29)
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were fellows at the time of the course.  Most of the residents selected for the course 
(81.5%) were attending last year (sixth year). 

Most (89.7%) of the participants had experience in laparoscopic surgery on real pa-
tients (Table 2). More than half of the participants reported to have performed more 
than 30 hours of laparoscopic surgery on patients prior to the training. More than half 
of the participants had experience with RAS on patients, only one participant did not 
have any experience with RAS of Robot-assisted simulation. Of the participants, 58% 
had more than 10 hours or RAS experience on real patients prior to their participation 
in the course. 

Figure 1 Box and whisker plot representing the overall score for all participants on the virtual reality 
da Vinci skills simulator before (light grey) and after (dark grey) the training. 
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Scores on the simulation exercises
The overall scores of the simulation exercises on the VR simulator are represented in 
Appendix 3 and Figure 1. All participants show a significant increase in overall score 
following the training. The highest increase in simulator scores were seen in the 
camera and clutching and needle driving exercises (78.40 vs 87.40, p=0.040). The 
lowest increase was seen in the Endowrist manipulation exercises (93.40 vs 97.65, 
p=0.045). 

Follow-up data of the participants
A total of 11 participants (78,6%) have responded to the follow-up questionnaire 
administered 6 months after the course (Table 3). 10 out of the 11 respondents have 
performed RAS on a real patient in the first six months after the course. More than 
half of the respondents (6 out of 10) have performed 10 or more robot assisted sur-
gery procedures as a first surgeon in this time. Most of the respondents (90%) per-
formed robot assisted radical prostatectomy’s in this period. Some also performed 
robot assisted radical cystectomy’s (36.6%), robot assisted partial nephrectomy’s 
(36.6%) or robot assisted radical nephrectomy’s (27,3%) in the first six months after 
the course. 

A total of 11 participants out of 14 responded to the questionnaire administered 12 
months after the course (Table 5). More than 90% of the respondents have per-
formed robot assisted surgery on a real patient in the first year after the course. Half 
of the respondents (5 out of 10) have performed 10 or more robot assisted surgery 
procedures as a first surgeon in this period. Seven out of 10 respondents performed 
robot assisted radical prostatectomies in the 12 months after the course. Five re-
spondents also performed robot assisted radical nephrectomies, 3 performed robot 
assisted radical cystectomies and 2 performed robot assisted partial nephrectomies.

Factors predicting exposure to robot assisted surgery during fol-
low-up
A total of 10 respondents indicated how many RAS procedures they performed as 
first surgeons during the first 6 months after the course. The results in appendix 4 
show the baseline and final overall scores of the simulation exercises. The scores do 
not predict the chance of a participant performing more than 10 RAS procedures as a 
first surgeon. 
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2018 at 6 months 

(n=6)

2019 at 6 months 

(n=5)

2018 at 12 months 

(n=5)

2019 at 12 months 

(n=6)
Occupation, n (%) 
Resident 3 (50) 1 (20) 3 (60) 2 (33.3)
Urologist 2 (33.3) 1 (20) 1 (20) 3 (50)
Fellow 1 (16.7) 3 (60) 1 (20) 1 (16.7)
Year of Residency, n (%)
5th 3 (100) 1 (100) 3 (100) 0
6th 0 0 0 2 (100)
Sex, n (%) 
Male 5 (83.3) 3 (60) 4 (80) 3 (50)
Female 1 (16.7) 2 (40) 1 (20) 3 (50)
Nationality, n (%)
Belgian 0 3 (60) 0 3 (50)
Dutch  6 (100) 2 (40)  5 (100) 3 (50)
Experience robot assisted surgery, n (%)
Assisted during 

robot assisted 

surgery only

1 (16.7) 2 (40) 0 1 (16.7)

Only simulation 

experience

1 (16.7) 0 0 0

Surgery on real 

patients

6 (100) 4 (80) 5 (100) 5 (83.3)

Robot assisted surgery’s on real patients as first surgeon, n (%) 
< 5 2 (33.3) 0 3 (60) 2 (40)
5-10 1 (16.7) 1 (20) 0
10-15 2 (33.3) 1 (20) 1 (20)
>15 1 (16.7) 2 (40) 1 (20) 3 (60)
Types of Robot assisted surgery, n (%)  
Radical Cystec-

tomy

3 (50) 1 (20) 1 (20) 2 (40)

Radical Prostatec-

tomy

6 (100) 4 (80) 5 (100) 2 (40)

Partial Nephrec-

tomy

2 (33.3) 2 (40) 1 (20) 1 (20)

Radical Nephrec-

tomy

2 (33.3) 1 (20) 2(40) 3 (60)

Table 3 General information and robot assisted surgery experience for the residents who responded 
to the 6 months and 12 months questionnaires
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Discussion
In this study, we combine the results of a snap shot survey amongst Dutch residents 
and recently graduated urologists with the results of residents who participated in an 
advanced course in Robot Assisted Surgery in order to answer the following research 
questions: 

(1) What is the current availability of training for robot assisted surgery and the possi-
bility to perform robot assisted surgery during Dutch residency in urology curriculum?  
(2) Do residents show a significant increase in Simulation-based surgical skills follow-
ing the curriculum? (3)  Are residents able/allowed by their trainers to perform robot 
assisted surgery as first surgeon after the curriculum?

What is the current availability of training for robot assisted surgery 
and the possibility to perform robot assisted surgery during Dutch 
residency in urology curriculum?  
A majority of the residents and more than half of the urologists who responded to the 
questionnaire were interested in the field of robot assisted surgery. 

The results of the questionnaire show the majority of respondents were working in 
hospitals which have a surgical robot available. Almost half of these robots have a 
Dual console attached to them. The presence of a dual console gives the opportu-
nity to learn on site robot assisted surgery in a safe and controlled manner.4,18 Thus 
reducing the risk for the patient and increasing the novice surgeons ability to learn.  

A majority of the urologists were allowed to perform robot assisted surgery during 
their residency. This percentage was lower in the group of residents which could be 
explained by the fact that 25% of the responding residents were in the first two years 
of their residency. None of the urologists performed robot assisted surgery during 
the first two years of their residency. In both the urologist and residents group the 
majority of the respondents was allowed to perform robot assisted surgery before 
their fifth year of residency. This sparks the discussion whether a basic RAS skills 
course should be implemented in an earlier stage of the urological curriculum (i.e. in 
year 3 or 4) in order to provide the residents with a basic understanding of RAS and 
the robot system. This basic RAS skills course could consist of the basic aspects of 
the robot system (i.e., hands-on training, combined with theoretical information) and 
basic surgical skills for RAS (i.e. draping and docking and simulation training).

Even though almost all respondents who were allowed to perform robot assisted 
surgery during their residency had to pass some form of basic requirements before 
being allowed to perform parts of the surgery. The level of these requirements var-
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ied significantly from an online training course developed by the manufacturer of the 
system to the requirement to pass all skills simulator exercises and participate in a 
standardized course at a training institute (i.e. ORSI academy). These results are in 
line with the results of Brinkman et al.3 and show there is a need for implementation 
of structured robot assisted surgery training during the residency. The implementation 
of a multi-step training and certification divided in online knowledge training, basic 
skills training (i.e. basic skills training, draping and docking, patient positioning, and 
general safety issues) and procedure-specific training could prepare the residents to 
safely take their first steps in robot assisted surgery thus reducing the risks for the 
patients.3 Most of the residents and almost half of the urologists agree robot assisted 
surgery training should be implemented in the residency of urologist.    

The advanced course in Robot Assisted Surgery
A total of 29 participants with varying experience with both laparoscopic and robot as-
sisted surgery completed the training curriculum. Results show most participants had 
extensive experience in laparoscopic surgery prior to the start of the training. The lev-
el of robot assisted surgery experience varied amongst participants, more than half of 
the participants had more than 10 hours of robot assisted surgery clinical experience 
as first surgeon prior to the start of the course of Robot Advanced Surgery. 

During the advanced course in Robot Assisted Surgery the dog and pig models were 
used. The dog cadaver is an excellent anatomical model because the dog’s prostate 
is quite similar to human regarding shape and size and the anatomical structures are 
easily recognizable. It is also good for training on constructing the urethro-vesical 
anastomosis. The length of its urethra, and the possibility to perform leakage-test, 
are important added values. Lymph nodes are easy detectable as they appear as 
agglomerated beans, clearly distinguishable from fatty tissue. A disadvantage of this 
dog cadaver model is absence of the seminal vesicles, and the absence of bleeding 
and peristalsis of the ureters. 

When the live-pig model is used, the life-threatening maneuvers must be carefully 
avoided. This makes the training on the pig model more challenging and closer to 
real surgery compared to the dog model. The live-pig model, in comparison to the 
cadaver-dog model, presents large seminal vesicles which permits proper dissection 
training. However, it also presents disadvantages. The prostate gland is tiny, and 
its shape is different in comparison to the human one. For this reason, the prostate 
dissection in the pig is less didactic than in the dog model. Moreover, a leakage test 
cannot be performed because of the impossibility to insert a catheter. Lastly, the pig’s 
bladder must be repeatedly and carefully emptied to avoid urine leakage and reab-
sorption. Excessive reabsorption of urea can result in the animal’s death.
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Do residents show a significant increase in Simulation-based surgi-
cal skills following the curriculum? 
Even though the baseline skills simulation results of the current study are high, the 
participants were still able to show a significant increase in overall scores of all skills 
simulation exercises during the final assessment. When comparing this increase to 
the study of Larcher et al.17 the increase in skills simulation exercise scores in the 
current study is 7 - 11 % lower, only in the Suture sponge 2 exercise was the median 
increase in skills simulation exercise scores in this study approximately 3% high-
er.17 This difference in increase in scores could be the results of high baseline skills 
simulation results of the participants in the current study which leaves less room to 
increase in simulation skills. Since the participants in the current study received the 
same training in ORSI as the participants in the study by Larcher et al. this could not 
be of influence on the increase in scores on the skills simulation exercises.17 

Are residents allowed by their trainers to perform robot assisted 
surgery after the curriculum?
The results of the follow-up data show residents were allowed by their trainers to 
perform robot assisted surgery after participating in the current course. At 6 and 12 
months after the course, almost all respondents were allowed to perform robot assist-
ed surgeries as first surgeon. More than half of the respondents were able to do 10 
or more surgeries in the first 12 months after the course. All of the participants were 
able to do Robot Assisted Radical Prostatectomies six months after the course, at 12 
months after the course 7 out of 10 were allowed to perform Robot Assisted Radical 
Prostatectomies. Some of the participants were allowed to do other urological surger-
ies using the robot i.e. nephrectomies, partial nephrectomies and cystectomies. This 
shows that even though the course was designed to train the participants in the skills 
needed for Robot Assisted Radical Prostatectomy, the participants were able to apply 
the skills they learned to different types of surgery. This is in line with the follow-up of 
the fellows of the CC-ERUS fellowship.19 

Analysis shows the baseline skills simulation exercise scores and final skills simula-
tion exercise scores cannot be used to predict the chances of a participant to perform 
10 or more robot assisted surgeries in the first 6 months after the course. This could 
be explained by the fact that there is some discussion on the transference of simu-
lator skills to real life situation.20 Although there are multiple studies showing expert 
robotic surgeons have a shorter learning curve21 or higher overall scores in simulator 
exercises21–24, only limited studies have proven the transference of skills learned dur-
ing simulator training to real life situations.25,26 Despite this, the fact that most resi-
dents from the training group continued with robotic surgery in the period right after 
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their training supports the chosen timing of the course in the residents curriculum. Of 
course, the possibility to perform robot assisted surgery is also dependent on exter-
nal factors such as the availability of the surgery’s and competition for OR time with 
other residents or fellows. 

Strengths and limitations 
The results of the snapshot questionnaire give insight into the current state of train-
ing for robot assisted surgery and the possibility to perform robot assisted surgery 
during Dutch residency curriculum. Although the group studied was a selection (50 
%) of all Dutch residents in urology and recently graduated urologist, they do show 
the implementation of robot assisted surgery training and the requirements set by the 
educators before the residents are allowed to take their first steps in robot assisted 
surgery. At several steps some of the respondents were directed to the end of the 
questionnaire based on their responses, for example residents who are not interested 
in performing robot assisted surgery and urologists who never performed robot as-
sisted surgery were sent to the end of the questionnaire, this explains the reduction 
of the number of responses during the questionnaire. The goal of the questionnaire 
is to provide an overview of the availability of robot assisted surgery training and the 
possibility to perform robot assisted surgery during Dutch residency curriculum, the 
addition of participants who don’t find robot assisted surgery interesting or who never 
performed robot assisted surgery does not add to the strengths of the results. 

The performance of residents during a structured Advanced Course in Robot As-
sisted Surgery at ORSI academy combined with the 12-month follow-up of the par-
ticipants provides information on the usefulness of the course and the chances of 
performing robot assisted surgery after completing the course. Although only a small 
number of residents participated in the course and some did not respond to the 
questionnaires the results do give a unique insight into the opportunities for residents 
to perform robot assisted surgery. A limitation of the follow-up using questionnaires 
could be an over representation of the success rate of the course, since it could be 
possible some of the participants of the course who did not responded were unable 
to perform robot assisted surgery and thus do not wish to respond to the question-
naires. 

Although participants show an increase in simulation-based surgical skills the ques-
tion remains whether these results translate to real life surgery. It remains unclear 
if participants of a structured training program as provided in this study show sig-
nificantly better postoperative outcomes (both functional outcome and complication 
rates) compared to colleagues who did not participate in this type of course. Addition-
al research into the long-term effects of a structured training program should answer 
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this question. 

nificantly better postoperative outcomes (both functional outcome and complication 
rates) compared to colleagues who did not participate in this type of course. Addition-
al research into the long-term effects of a structured training program should answer 
this question. 
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Conclusion
The results of our study show residents in urology are allowed to perform robot as-
sisted surgery during their residency whilst criteria for starting RAS differ significant-
ly amongst the teaching hospitals. In order to guarantee a basic level of skills and 
knowledge a structured (multi-step) training and certification program for RAS should 
be implemented. To ensure patient safety, reduce the risks for patients, and prepare 
the resident for his or her first attempt at surgery on a real patient. The option of an 
advanced structured course equipped with all training models showed to be attrac-
tive for enthusiastic novice RAS surgeons. The participation to a well-structured 
advanced training course in robotic surgery implies an improvement of surgical skills 
and permits most of the senior residents and young specialists in Urology to perform/
practice/continue their career in RAS at their hospitals after the course.
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Appendix

Appendix 1: Criteria for participation in the Robot assisted surgery 
course for residents.  
1. A document signed by your University supervisor, stating that you are in your last 

year of residency.

2. A letter of recommendation by one of your former or current (onco/robot) supervi-
sors.

3. A statement by the person who will be your supervisor after the course, which 
confirms that you will have access to robotic surgery in the near future (ideally you 
should be able to take part in at least 9 robotic procedures in the next 3 months). 
We will ask you to log these procedures.

4. A certificate or other proof that you attended at least one practical course in ro-
botic surgery (such as ESRU Starter’s package, ESU/ERUS Hand-on training in 
Robotic surgery, WRSE24, other).

5. A letter of motivation that explains why you apply for this course.

6. Successful completion of the online training module for the Da Vinci Xi (attach 
certificate). Link: https://www.davincisurgerycommunity.com/Clinical/Urology-
?tab1=CL
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Appendix 2 advanced course in Robot Assisted Surgery curriculum

Duration 5 days
Day 1
• Introduction of the training program

• System overview of the Da Vinci Xi and X; Docking, port placement

• Simulator exercises and tests of the ERUS Curriculum

• Simulation training and docking exercises

• Exercises on the Pelvic Model & suturing pad, vesico-urethral anastomosis kit

• Venezuelan Chicken model & vesico-urethral anastomosis exercises

Day 2
Half group Half group
All steps of the prostatectomy on a ca-
nine cadaver

Live Case Observations

Radical prostatectomy

• Endopelvic fascia incision and pre-pros-
tatic adipose tissue removal

• Bladder neck incision

• Ductus deferentes identification and 
section

• Denonviller’s fascia detachment and 
sparing

• Prostatic vascular pedicles sparing

• Urethro-vescical anastomosis

• Pelvic Lymphadenectomy

• Dissection of pelvic arteries and veins

• Fat tissue removal

• Ureter re-implantation

• Ureter isolation and section

Location: OLV hospital Aalst, Moorsel-
baan 164, 9300 Aalst

Live case observations with dual bay con-
sole. Procedures and techniques that will be 
used during the training week are demon-
strated. Logistical organization of the surgery 
room is highlighted.

Surgery program dependent on planning 
hospital. Minimum 4 procedures.
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Day 3
All steps of the prostatectomy on a living pig model

Radical prostatectomy

• Endopelvic fascia incision and pre-prostatic adipose tissue removal

• Bladder neck incision

• Seminal vesicles identification and dissection

• Denonviller’s fascia detachment and sparing

• Urethro-vesical anastomosis

• Pelvic Lymphadenectomy

• Dissection of pelvic arteries and veins

• Fat tissue removal / Ureter re-implantation

• Ureter isolation and section

• Urethro-vesical anastomosis

Day 4
Half group Half group
Live Case Observations All steps of the prostatectomy on a ca-

nine cadaver
Location: OLV hospital Aalst, Moorsel-
baan 164, 9300 Aalst

Live case observations with dual bay con-
sole. Procedures and techniques that will be 
used during the training week are demon-
strated. Logistical organization of the surgery 
room is highlighted.

Surgery program dependent on planning 
hospital. Minimum 4 procedures.

Radical prostatectomy
• Endopelvic fascia incision and pre-pros-

tatic adipose tissue removal
• Bladder neck incision
• Ductus deferentes identification and 

section
• Denonviller’s fascia detachment and 

sparing
• Prostatic vascular pedicles sparing
• Urethro-vescical anastomosis
• Pelvic Lymphadenectomy
• Dissection of pelvic arteries and veins
• Fat tissue removal
• Ureter re-implantation
• Ureter isolation and section

Proefschrift 20230318 met bijlagen.indd   135Proefschrift 20230318 met bijlagen.indd   135 30-03-2023   20:2830-03-2023   20:28



136

Chapter 4

Day 5
All steps of the prostatectomy on a living pig model

Radical prostatectomy

• Endopelvic fascia incision and pre-prostatic adipose tissue removal

• Bladder neck incision

• Seminal vesicles identification and dissection

• Denonvillier’s fascia detachment and sparing

• Urethro-vesical anastomosis

• Pelvic Lymphadenectomy

• Dissection of pelvic arteries and veins

• Fat tissue removal / Ureter re-implantation

• Ureter isolation and section

• Urethro-vesical anastomosis

Simulator exercises and tests of the ERUS Curriculum
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Appendix 3 The baseline, final and difference in overall score for all 
participants on the virtual reality da Vinci skills simulator

Exercise

M
etric

N
um

ber of participants 

of w
hich data w

as available

Baseline Final Difference in 

score

P-value

Z score

M
edian

25th  - 75th

 percentile

M
edian

25th  - 75th

 percentile

M
edian

25th  - 75th

 percentile

Endow
rist M

anip-

ulation 2- M
atch 

Board 2

O
verall score (%

)

24 94.00 84.25 

-98.00

98.60 89.43 - 

100.00

2.50 .03 - 

7.68

0.043 -2.024

Energy and dis-

section-Energy 

Sw
itch 2

O
verall score (%

)

24 93.40 85.20 – 

97.80

97.65 92.55 – 

98.90

1.75 -2.25 – 

12.48

0.045 -2.000

C
am

era and 

clutching - R
ing 

W
alk 3

O
verall score (%

)
24 78.40 58.28 – 

92.40

87.40 77.18 – 

94.78

11.95 -0.93 – 

20.83

0.040 -2.057

N
eedle D

riving - 

Suture Sponge 2

O
verall score (%

)

25 74.40 63.00 – 

86.10

87.80 81.65 – 

94.05

10.30 2.20 – 

22.10

0.002 -3.054

N
eedle D

riving - 

Tubes

O
verall score (%

)

24 78.75 63.68 – 

85.90

88.50 76.15 – 

94.98

6.10 0.55 – 

26.35

0.010 -2.572

Average  overall 

scores

O
verall score (%

)

22 82.15 76.52 – 

87.59

89.14 83.60 – 

93.86

6.65 1.43 – 

15.82

0.002 -3.068
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Appendix 4 Univariate analysis of factors predicting the chance of 
performing 10 or more robot assisted surgery procedures as a first 
surgeon in the first 6 months

 OR 95.0% C.I. for OR P-value
Endowrist Manipulation 2- Match Board 2 exercise - base-

line overall score

0.943 0.758 – 1.174 0.600

Energy and dissection-Energy Switch 2 exercise - baseline 

overall score 

0.937 0.866 – 1.094 0.651

Camera and clutching - Ring Walk 3 exercise - baseline 

overall score

1.074 0.982 – 1.176 0.119

Needle Driving - Suture Sponge 2 exercise - baseline over-

all score

1.021 0.954 – 1.092 0.550

Needle Driving – Tubes exercise - final overall baseline 

overall score

1.041 0.957 – 1.133 0.352

Endowrist Manipulation 2- Match Board 2 exercise - final 

overall score

 1.304 0.708 – 2.403 0.394

Energy and dissection-Energy Switch 2 exercise - final 

overall score 

3.724 0.386 – 35.906 0.256

Camera and clutching - Ring Walk 3 exercise - final overall 

score

1.108 0.912 – 1.346 0.302

Needle Driving - Suture Sponge 2 exercise - final overall 

score

1.083 0.958 - 1.224 0.203

Needle Driving – Tubes exercise - final overall score 1.114 0.922 – 1.347 0.263
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Abstract
A web-based survey was delivered to European Robotic Curriculum (CC-ERUS) Fel-
lows in order to gain insights into the experiences of the participants during and after 
the fellowship. Frequency and proportions were used to describe the outcome of the 
survey. Overall, 63% completed the survey. Over 90% of respondents still perform 
robot assisted surgery after the fellowship. Of these, 91% still perform Robot assisted 
radical prostatectomy (RARP), 36% are performing Robot assisted radical cystec-
tomy (RARC), 42% are performing Robot assisted partial nephrectomy (RAPN). All 
respondents recommended ccERUS to peers. Overall, almost two-thirds are unaware 
of functional postoperative results of the patients treated with RARP. One-third of 
respondents are unaware of the oncological results of the patients after RARP. Ad-
ditional focus should be put on the benefits of results awareness for surgeons dur-
ing the fellowship program and on follow-up surveys to monitor need to continuous 
education.

Patient summary
A web-based survey was performed amongst participants of a robot assisted surgery 
course. We observed that most participants still perform robot assisted surgery after 
completion of the course. All participants would recommend the course to their col-
leagues. 
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Introduction
With the introduction of Robot assisted surgery there is an impending need to devel-
op structured training in order to assist naïve surgeons during their learning process 
and improve patients outcomes.1–8  in response to this call multiple short courses 
have been designed to train (novice) surgeons in different urological procedures.9–11 

The European Association of Urology Robotic Urology Section (ERUS) has devel-
oped the first long term structured and validated curriculum in urology that specifically 
focuses on Robot assisted radical prostatectomy (RARP).5,6,12,13 After its initial con-
ception in 2014 the program has evolved into a structured training program including 
live case observation and table-side assistance, an advanced robotic skills course 
(CC-ERUS), three or six months modular training at a host centre, and an expert 
assessment of the video of a full RARP performed by the fellow.12 With the specific 
intent to expand such paradigm also to other setting in which clinical outcomes are 
importantly affected by surgeon’s14, the ERUS Curriculum for robot-assisted partial 
nephrectomy15 and for robot-assisted radical cystectomy were further developed.16 
However, to validate the benefit of such structured training programs, the clinical 
outcomes of patients treated after the training program by the surgeons involved in 
the ERUS Curricula deserves special attention. The aim of the current study was to 
investigate and report the experiences of the RARP fellowship. 
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Method
A web-based survey was developed by a group of six experts in urology. Participants 
who participated in the 5-Day advanced Robotic Skills Course for the RARP at ORSI 
Academy were contacted. Since it is possible to participate in this course as part of 
a fellowship at a CC-ERUS Host centre and as a standalone course all participants 
were contacted in order to not miss any CC-ERUS fellows. 

A survey was sent in order to assess their learning process and their present ro-
botic practices. The survey was divided into three modules containing 62 questions 
(Supplementary data). The questionnaires were sent to the participants using the 
self-service function of the Data Management module developed by de Research 
Manager (https://my-researchmanager.com/en/home-2/). Mailing lists were verified 
with EAU-membership data.  All participants in the 5-Day advanced Robotic Skills 
Course (CC-ERUS) received the survey. After a period of 4 months the survey was 
closed and results were analysed. Frequency and proportions were used to describe 
the outcome of the survey. Data analysis was performed using SPSS statistics v24 
(IBM, NY).  
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Results
A total of 143 people received the survey. Overall, 63% (n=90) responded and 50% 
of these respondents underwent CC-ERUS RARP fellowship. Almost 50% of the 
respondents were residents in training at the start of the CC-ERUS fellowship. Of the 
remaining fellows more than half have less than 2 years of experience as a certified 
urologist. 49% and 71% of the respondents had no experience as a first surgeon in 
laparoscopic and robotic surgery, respectively. Most of the participants (55.6%) had 
a clinical fellowship of more than six months, 8.9% had a clinical fellowship of three 
months. 

During the fellowship, 76% of the respondents were 3 or more days a week in the 
operating room. 47% of the respondents performed more than 5 robotic cases per 
week, not all of these cases were RARP (table 1). Almost all respondents (96%) 
felt there was enough progression in difficulty in the steps of the RARP they were 
allowed to perform. 73% of the respondents performed or assisted in more than 45 
cases during their fellowship. Almost all participants (86.7%) were able to perform a 
complete RARP case during their fellowship. Overall, 20 and 8.9% of the responders 
were able to perform a complete RAPN and RARC case, respectively (table 1). 

Table 1 Activities of the respondents during their clinical fellowship

Number of participants %
Number of robotic cases in an average week during the clinical fellowship
1 case per week 5 11.1
2-5 cases per week 19 42.2
>5 cases per week 21 46.7
Number of RARP cases in an average week during the clinical fellowship
1 case per week 6 13.3
2-5 cases per week 24 53.5
>5 cases per week 15 33.3
Number of RARC cases in an average week during the clinical fellowship
1 case per week 40 88.9
2-5 cases per week 4 8.9
>5 cases per week 1 2.2
Number of RAPN cases in an average week during the clinical fellowship
1 case per week 33 73.3
2-5 cases per week 11 24.4
>5 cases per week 1 2.2
participants who had the opportunity to perform a complete case 
RARP 39 86.7
RARC 4 8.9
RAPN 9 20.0
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At the end of the fellowship the participants were asked to provide a full case video 
to evaluate by certified independent examiners in blind-review process. A total of 28 
(62%) handed in an index video for review, of these only 12 (43%) received a score 
from the experts. All respondents would recommend the CC-ERUS fellowship to their 
colleagues. 

The results in table 2 show the activities of the respondents after their clinical fellow-
ship. Less than half of the fellows were able to stay in the institute of their training 
after the fellowship. After the fellowship 93% of the respondents had access to a 
Table 2 Activities of the respondents during and after their clinical fellowship

Number of participants %
Number of participants who stayed in their training institute after the fellowship
No 23 51.1
Yes, less than 3 months 1 2.2
Yes, more than 3 months 21 46.7
Number of participants who had 

access to a surgical robot after 

the fellowship

42 93.3

Currently performing robot as-

sisted surgery

41 91.1

Currently performing RARP 39 86.7
Currently performing RARC 16 35.6
Currently performing RAPN 19 42.2
Currently performing Laparo-

scopic prostatectomy

5 11.1

Currently performing Open 

prostatectomy

8 17.8

surgical robot, of these 91% are currently still performing robot assisted surgery. Thir-
ty-nine respondents (91%) are performing RARP surgery, 16 (36%) are performing 
RARC and 19 (42%) are performing RAPN surgery. 

A minority of the respondents are performing open (18%) or laparoscopic prostatecto-
my (11%). 

Table 3 shows the functional and oncological outcomes of the most recent surger-
ies performed by the fellows involved in the CC-ERUS RARP fellowship. More than 
50% of the participants to the fellowship are unaware of the continence and erectile 
function recovery of the patients treated in the last six months. The participants were 
more aware of the positive surgical margins in their last 10 pT2 and pT3 patients 
(Table 3). 
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Number of participants %
Percentage of patients that use more than one inlay/diaper per day of surgeries performed in the last 

6 months
1-10% 10 22.2
11-20% 7 15.6
21-30% 1 2.2
31-40% 1 2.2
unknown 26 57.8
Percentage of patients that have adequate erectile function of surgeries performed in the last 6 

months
11-20% 3 6.7
21-30% 2 4.4
31-40% 5 11.1
41-50% 5 11.1
51-60% 2 4.4
71-80% 1 2.2
unknown 27 60.0
Number of patients with a positive surgical margin in the last 10 pT2 cases
0 patients 5 11.1
1 patient 5 11.1
2 patients 11 24.4
3 patients 8 17.8
4 patients 2 4.4
Unknown margins 14 31.1
Number of patients with a positive surgical margin in the last 10 pT3 cases
0 patients 12 26.7
1 patient 13 28.9
2 patients 6 13.3
3 patients 2 4.4
unknown 12 26.7

Table 3 Functional and oncological outcomes of the most recent surgeries performed by the fellows
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Discussion 
Although not all fellows responded to the survey, the results of this questionnaire 
give insights into the experiences of the respondents during and after the CC-ERUS 
fellowship. Many of the respondents were resident at the start of the CC-ERUS 
fellowship. Although almost two-thirds of the respondents participated in the video 
review at the end of the course not even half of them received a score on their vid-
eo. All respondents recommend the CC-ERUS fellowship to their colleagues.  Most 
of the respondents to this survey continue to practice robot assisted surgery, this is 
in line with earlier research on this subject which showed most of the participant still 
performed robot assisted surgery based on short term (14 months) and long term (up 
to 3 years post training) follow-up data.17,18 Even though the course was designed 
to train the fellows in RARP some respondents have gained experience in RAPN and 
RARC surgery during and after the fellowship. This endorses the need for specialized 
fellowship programs for both RAPN and RARC procedure in order to provide a struc-
tured training program for urologists.  Remarkably results show almost two thirds of 
the respondents are unaware of the functional outcomes of their patients. One third 
of the respondents were unaware of the oncological outcomes of their surgeries. 
We recommend to have a more rigorous follow-up of trainees in surgical fellowship 
to improve elements of the fellowship program and monitor the need for continuous 
education after the fellowship.

Conclusion
Results of this survey show additional focus should be put on both functional and on-
cological outcomes during the fellowship. Most respondents are still practicing robot 
assisted surgery. Specialized fellowship programs for both RAPN and RARC proce-
dure should be developed in order to provide structured training in these procedures. 
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Linking surgical skills to postoperative outcomes: a Delphi study on the robot assisted radical prosta-
tectomy

Abstract 

Objective 
To develop an assessment instrument for the evaluation of surgical videos to elu-
cidate the association between surgical skills and postoperative outcomes after a 
robot-assisted radical prostatectomy (RARP).

Design 
A Delphi study consisting of two consecutive online surveys and a consensus group 
meeting.

Setting 
Urology departments of general, teaching and university hospitals in the Netherlands. 

Participants 
All Dutch urologists with a specialization in RARP.

Results 
Of 18 invited experts, 12 (67%) participated in the first online survey. In the second 
round, 9 of the 18 invited experts participated (50%). The Delphi meeting was attend-
ed by 5 of the 18 (27%) invited experts. The panel identified seven surgical steps 
with a possible association to postoperative outcomes. The experts also expected an 
association between adverse postoperative outcomes and the frequency of camera 
removals, the number of stitches placed, the amount of bleeding, and the extent of 
coagulation. These factors were incorporated into an assessment instrument.

Conclusions 
Experts in the field of RARP achieved consensus on 7 surgical steps and 4 aspects 
of the RARP procedure that may be related to adverse postoperative outcomes. The 
resulting assessment instrument will be tested in future research to determine its 
validity. 
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Introduction 
In the Netherlands, approximately 2500 radical prostatectomies are performed annu-
ally of which 90% are performed using the surgical robot, i.e. robot-assisted radical 
prostatectomy (RARP). The RARP is a complex but highly standardized operation 
to cure local prostate cancer. However, RARP is hampered by serious side-effects1–3 
such as urinary incontinence, which occurs in 4 to 26% of the patients4–6, and erectile 
dysfunction, which occurs in 14 to 90% of the patients.7,8 

Previous research has shown that greater surgical experience is associated with 
better postoperative outcomes.9-11 Therefore, the Dutch Society of Urology (NVU) 
increased the minimally required number of annual RARP per hospital from 50 to 100 
procedures to improve functional results and reduce complications. However, at the 
moment there is no minimum annual number of procedures per surgeon. 

Various authors suggested that systematic evaluation of skills, both technical (sur-
gical) and non-technical (communication and teamwork) may be more effective in 
improving the surgeons’ skills than a quota alone.12,13 Thorough analysis of surgical 
videos can possibly elucidate which steps or facets of surgery may be related to dis-
advantageous results such as postoperative complications (i.e. bleeding and leakage 
of the vesico-urethral anastomosis) and adverse functional outcomes (i.e. erectile 
dysfunction, incontinence).12,14 

To standardize video analysis, a detailed description of all the separate surgical 
steps is needed. In the past, different assessment instruments containing individual 
steps of the RARP have been defined15–17, but these methods are mostly intended for 
providing feedback during training of new robotic surgeons or to evaluate the skills of 
more experienced robotic surgeons by means of video analysis. So far, no specific 
method has been developed to investigate how a surgeon’s skills and surgical events 
as assessed on video are related to adverse postoperative outcomes of RARP. 

The present Delphi study is designed to evaluate whether experts in the field of 
RARP can identify the surgical and non-surgical factors in RARP that are potentially 
associated with negative aspects of postoperative outcomes. 

The following key questions were to be answered: which steps of the RARP and 
which peri-operative events (i.e. bleeding, usage of coagulation, usage of haemo-
static clips and suturing) are most likely associated with postoperative complications 
(i.e. bleeding and leakage of the vesicourethral anastomosis) and adverse functional 
outcomes (i.e. erectile dysfunction, incontinence)? How can these steps of the RARP 
and these peri-operative events be incorporated in an RARP assessment instru-
ment? 
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Methods 
During a focus group consisting of three Dutch urologists, one urologist in training, 
and one cognitive task analysis expert a list of statements was created, describing 
the surgical steps and possible peri-operative events of the RARP procedure as well 
as their possible association with (1) direct postoperative complications and (2) func-
tional outcomes. 

These statements were formulated in order to investigate which steps of the surgery 
and which peri-operative events should be included in an instrument for video analy-
sis. This assessment instrument will form the basis for further research on the possi-
ble associations between surgical skills and adverse postoperative outcomes. 

Expert panel 
The expert panel for the Delphi study was selected based on recommendations of 
three separate independent urologists who are experts in the field of robotic surgery. 
Based on these recommendations, 18 experts in the field of robot-assisted radical 
prostatectomy were selected. In this group, multiple proctors and educators of differ-
ent fellowships in robotic surgery were included since they have intricate knowledge 
of the possible origins of complications in surgeons with all levels of experience. The 
experts were invited by e-mail. If no response was given the experts were contacted 
by telephone to ask whether they were interested to participate in the Delphi study. 

Consensus procedure 
To achieve consensus, a two-step procedure was used (figure 1): the first step was 
an online two-round Delphi Survey involving Dutch urologists experienced in RARP. 

Fig 1. Visual representation of the Delphi survey.
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The second step was a consensus group meeting with the same Dutch urologists 
to discuss the results of the online survey and to identify the aspects of the surgery 
and the perioperative events which might be associated with postoperative adverse 
outcomes. The steps of the Delphi process are based on protocols for consensus 
finding.18–21 

Online two‐round Delphi Survey 
The results of the initial focus group were used to define seven domains in which the 
statements could be categorized. The domains were organized as follows: 

1. The relation of the statement to postoperative complications; 

2. The relation of the statement to functional results;

3. Surgical steps associated with complications (i.e. bleeding and leakage of the 
vesico-urethral anastomosis);

4. Surgical steps associated with postoperative erectile dysfunction;

5. Surgical steps associated with postoperative urinary incontinence;

6. Factors that play a role in the origins of postoperative complications;

7. Elements that should certainly be included in the training of novice surgeons. 

The statements were used to design a two-round online Delphi Survey to obtain con-
sensus on identifying the relevant steps of the RARP procedure and their possible 
causal relation to postoperative complications and adverse functional outcomes. 

The panel members were asked to rate the relevance of each statement using a 
9-point Likert scale according to the discriminatory power of each surgical step to 
correspond with the specified postoperative complication. A rating of 1 was defined 
as “extremely disagree” and a rating of 9 was defined as “extremely agree”. As de-
scribed in the RAND/ UCLA 

Appropriateness Method22, for each item, the median agreement score, lower limit 
inter-percentile range (IPR), and upper limit IPR and Disagreement Index (DI) were 
calculated. A median agreement score of 1.0–3.0 was considered to be “disagree”, 
3.1–6.9 as “uncertain”, and 7.0–9.0 as “agree”. A DI value above one (> 1) indicated 
a lack of consensus among the participants regarding the association between the 
statement and the postoperative complication. 

In addition to the consensus statements, seven general questions were included in 
the first online survey to assess the experts opinions on the project and their willing-
ness to cooperate in further research. In the first round, the participants were invited 
to suggest additional items that should be included in the second-round survey. The 
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second survey consisted of the consensus statements. After each round, the scores 
for each item were anonymized to a mean ranking score for the whole group and 
reported back to the participants. 

Consensus group meeting 
During a consensus panel meeting, the statements on which consensus had been 
reached in the two-round online survey were reviewed and statements on which 
no consensus had been reached were discussed and voted on. The meeting was 
chaired by a urologist of the Dutch Cancer Institute, Amsterdam (HvdP). 

The statements from the online survey were presented to the panel, and participants 
were asked to motivate their opinions on each of the statements for which no con-
sensus had been reached previously. The list of approved steps and aspects was 
then categorized to develop an initial RARP assessment instrument for evaluating the 
surgical procedure on video. This assessment instrument was subsequently judged 
on face validity by the 12 experts who participated in the Delphi process. 

Informed consent 
All procedures followed were in accordance with the ethical standards of the respon-
sible committee on human experimentation (institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 2013.23 Informed consent was obtained 
from all participants for being included in the study.
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Results 

Delphi Survey 
The results of the preliminary focus group meeting were used to formulate 72 state-
ments on surgical steps and possible peri-operative events of the RARP procedure 
and their possible association with (1) direct postoperative complications and (2) 

Table 1 Domains of statements used in the online Delphi Survey and consensus meeting

Domain

Statem
ents in Survey (n)

C
onsensus in Survey (n)

C
onsensus Survey (%

)

Statem
ents in D

elphi panel 

(n)

C
onsensus D

elphi panel (n)

C
onsensus D

elphi panel (%
)

C
onsensus com

bined D
elphi 

survey and panel (%
)

The relation of the statement to post-

operative complications

14 9 64 6 3 50 79

The relation of the statement to func-

tional results

14 7 50 7 2 29 64

Steps of the surgery associated with 

complications

11 9 82 2 0 0 82

Steps of the surgery associated with 

postoperative erectile dysfunction

11 9 82 2 1 50 91

Steps of the surgery associated with 

postoperative urinary incontinence

11 8 73 3 2 66 91

Factors that play a role in the origins 

of postoperative complications

4 4 100 - - - 100

Elements that are essential for the 

training of novice surgeons

7 7 100 - - - 100

functional outcomes. These statements were divided over seven domains and incor-
porated in an online survey (Table 1). 

A total of 18 Dutch experts in robot-assisted radical prostatectomy (RARP) were 
identified and invited to participate in the two-round online Delphi Survey. In the first 
round, 12 of the 18 (67%) invited experts participated in the survey. Of these 12 
participants, 10 experts responded to all statements, and two participants reported 
difficulties with the survey resulting in a partial response to the statements. 
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In the first round, participants did not propose any additional statements. Of the 72 
statements reviewed in the first round, 18 statements on which a clear consensus 
had been reached (i.e. a median agreement score of 1 or 9) were excluded from the 
second round. The remaining 54 statements were incorporated in the second online 
survey round. 
 Table 2 Results of general questions about video analysis, registration of postoperative outcomes, 
and intention to participate in the analysis of RARP videos

Question Percentage of respondents (n)
Do you believe that it is useful to analyse surgical factors in order to improve the outcomes of pa-

tients (several options possible)
yes, because we can learn from mistakes made 83,33 (10)
yes, because we can develop new and better 

surgical techniques.

83,33 (10)

no, because there is a chance that the consider-

ations of the surgeon and patient selection play a 

more important role than the actual operation

8,33 (1)

Is it possible in your view to predict possible peri-operative and postoperative complications by 

means of video assessments?
Yes 75 (9)
Is it possible in your view to predict postoperative (functional) outcomes by means of video assess-

ments?
Yes 83,33 (10)
Is it possible in your view to reduce the risk of complications by means of data obtained by video 

analysis?
Yes 92% (11)
Are you prepared to participate in the analysis of surgical videos?
Yes 100% (11)
Do you record the Robot-assisted radical prostatectomy procedure on videos?
Yes 80% (8)
Do you have the option to correlate outcome data such as complications and functional outcomes to 

surgical videos?
Yes 90,1% (10)

In the second round, nine of the 12 participants of the first round participated in the 
survey. Of these nine participants, eight completed the survey and one reported diffi-
culty with the survey resulting in a partial response to the questionnaire. 

General questions 
Results of the general questionnaire (Table 2) show that 83.0% of the experts believe 
that patient outcome can be improved by analysis of critical surgical factors. 

According to 75.0% and 83.3% of the experts who participated in this study, video 
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assessment is suitable for predicting complications and functional patient outcomes, 
respectively. According to 92.0% of the experts, the use of video assessment could 
reduce the risk of complications. All experts were interested in participating in the 
analysis of surgical videos. Most experts had the means to record surgical videos 
(80.0%) and can link these videos to surgical data (90.1%). 

Table 3 consensus meeting participants and their institute, occupation and voting status

Participant Institute Occupation Voting status
H. van der Poel Antoni van Leeuwenhoek Hospital, 

Amsterdam/ Netherlands Cancer 

Institute, Amsterdam

Urologist Voting

R. Meijer University Medical Centre Utrecht Urologist Voting
H. Beerlage Jeroen Bosch Hospital, Den Bosch Urologist Voting
M. Busstra Erasmus Medical Centre, Rotterdam Urologist Voting
C. Wijburg Rijnstate Hospital, Arnhem Urologist Voting
A. Hendrikx Catharina Hospital, Eindhoven Urologist N.P Non-voting
J. van Merienboer Maastricht University Educational Expert Non-voting
W. Brinkman Erasmus Medical Centre, Rotterdam Urologist in training Non-voting
A. Beulens Catharina Hospital, Eindhoven / 

Netherlands institute for health ser-

vices research (NIVEL), Utrecht

PhD -student Non-voting

Table 4 Results of the first and second online Delphi survey and combined consensus results after 
Delphi meeting. *MAS = Median agreement Score

Statement MAS* Consensus MAS* Consensus Combined 

Consensus after 

Delphi meeting

Round 1 Round 1 Round 2 Round 2 

The relation of the statement to postoperative complications
Operating quickly results in better out-

comes for the patient (speed is related 

to insight and therefore a good meas-

ure) in terms of complications

5 no 6 no no

Shorter operating times result in fewer 

complications

6,5 no 7 agree agree

The use of as few different instruments 

as possible lead to fewer complica-

tions

3 disagree 3 disagree disagree

Not to using the 3rd arm of the robot 

leads to fewer complications.

1 disagree disagree
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Table 4 continued

Zooming in more on the operation field 

is better (closer gives better vision) as 

it leads to fewer complications.

5 no 5 no no

More zooming out of the operating 

field is better (further away gives better 

overview and less dirt on the camera 

lens) as it leads to fewer complica-

tions.

3 disagree 3 disagree disagree

The suture material used has an influ-

ence on the development of complica-

tions.

4,5 no 5 no no

Fewer camera movements result in 

fewer complications.

5 no 3 disagree disagree

Fewer instrument movements result in 

fewer complications

5 no 6 no agree

A lower estimated blood loss results in 

fewer complications.

5 no 6 no agree

A shorter duration of coagulation re-

sults in fewer complications

6 no 7 agree agree

Placing fewer stitches results in fewer 

complications.

3 disagree 3 disagree disagree

Placing fewer clips results in fewer 

complications.

3 disagree 4 disagree disagree

Inspection of the abdomen leads to 

fewer complications

7 agree 8 agree agree

The relation of the statement to func-

tional results
Operating quickly results in better 

functional outcomes for the patient 

(speed is related to insight and there-

fore a good measure) 

4 no 5 no no

Shorter operating times results in im-

proved functional results.

4 no 5 no no

Statement MAS* Consensus MAS* Consensus Combined 

Consensus after 

Delphi meeting

Round 1 Round 1 Round 2 Round 2 
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Table 4 continued

The use of as few different instruments 

as possible leads to better functional 

results

3,5 no 3 disagree disagree

Not to using the 3rd arm of the robot 

leads to better functional results.

2 disagree 2 disagree disagree

Zooming in more on the operation field 

is better (closer gives better vision) as 

it leads to better functional results.

7 agree 7 agree agree

More zooming out of the operating 

field is better (further away gives better 

overview and less dirty of the camera 

lens) as it leads to better functional 

results

4 no 2,5 disagree disagree

The suture material used has an influ-

ence on the functional results

6 no 6 no no

Fewer camera movements result in 

improved functional results

3 disagree 5,5 no no

Fewer instrument movements result in 

improved functional results

5 no 6,5 no agree

A lower estimated blood loss results in 

improved functional results.

4 no 6 no no

A shorter duration of coagulation re-

sults in improved functional results

7 agree 7 agree agree

Placing fewer stitches results in im-

proved functional results.

4 no 4 no disagree

Placing fewer clips results in improved 

functional results

5 no 3 disagree disagree

Inspection of the abdomen results in 

improved functional results 

3 disagree 2,5 disagree disagree

Steps of the surgery associated with complications
Abdominal cavity approach/port place-

ment

5 no 6 no no

Statement MAS* Consensus MAS* Consensus Combined 

Consensus after 

Delphi meeting

Round 1 Round 1 Round 2 Round 2 
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Table 4 continued

Retropubic space approach/mobilisa-

tion of Retzius

3 disagree 2 disagree disagree

Pelvic floor muscle exposure/opening 

of the endopelvic fascia

5 no 5,5 no no

Bladder neck dissection 7 agree 7,5 agree agree
Ligation of prostate pedicles 7,5 agree 8,5 agree agree
Nerve preservation 8 agree 8 agree agree
Management of prostate apex/urethra 8 agree 8,5 agree agree
Prostate removal 3 disagree 2,5 disagree disagree
Urethro-vesical anastomosis 8 agree 8 agree agree
Lymph node dissection 7,5 agree 8 agree agree
Wound closure and specimen removal 7,5 agree 7 agree agree
Steps of the surgery associated with postoperative erectile dysfunction
Abdominal cavity approach/port place-

ment

1 disagree disagree

Retropubic space approach/mobilisa-

tion of Retzius

1 disagree disagree

Pelvic floor muscle exposure/opening 

of the endopelvic fascia

6 no 6,5 no no

Bladder neck dissection 3 disagree 2,5 disagree disagree
Ligation of prostate pedicles 8 agree 8 agree agree
Nerve preservation 9 agree agree
Management of prostate apex/urethra 9 agree agree
Prostate removal 1 disagree disagree
Urethro-vesical anastomosis 7 agree 7 agree agree
Lymph node dissection 4,5 no 4 no agree
Wound closure and specimen removal 1 disagree disagree
Steps of the surgery associated with postoperative urinary incontinence
Abdominal cavity approach/port place-

ment

1 disagree disagree

Retropubic space approach/mobilisa-

tion of Retzius

1 disagree disagree

Pelvic floor muscle exposure/opening 

of the endopelvic fascia

7 agree 7 agree agree

Bladder neck dissection 6,5 no 6.5 no no

Statement MAS* Consensus MAS* Consensus Combined 

Consensus after 

Delphi meeting

Round 1 Round 1 Round 2 Round 2 
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Consensus group meeting 
Of the 18 invited experts, five participated in the consensus group meeting. In total, 
this meeting was attended by nine participants, whose occupation and voting status 
are presented in Table 3.

Final consensus statements 
Table 4 shows the statements on which consensus was reached, organized per do-
main. The results of the Delphi Survey and the consensus group meeting were used 
to develop the assessment instrument PROTEST (PRostatectomy video Observation 
to Evaluate and Score Technical skill) (Table 5). This instrument contains the seven 

Ligation of prostate pedicles 5 no 4,5 no disagree
Nerve preservation 7 agree 6,5 no agree
Management of prostate apex/urethra 9 agree agree
Prostate removal 1 disagree disagree
Urethro-vesical anastomosis 8,5 agree 9 agree agree
Lymph node dissection 2 disagree 3 disagree disagree
Wound closure and specimen removal 1 disagree disagree disagree
Factors that play a role in the origins of postoperative complications
Teamwork 9 agree agree
Communication between the surgeon 

and the surgical team

9 agree agree

Surgical skills of the surgeon 9 agree agree
Patient factors (i.e. Age, BMI, tumour 

size)

8 agree 7,5 agree agree

Elements that are essential for the training of novice surgeons 
Theoretical education 8 agree 8,5 agree agree
Simulator training, practice on virtual 

reality simulators

8 agree 8,5 agree agree

Wetlab practice, training on animals 8 agree 8 agree agree
Cadaver training 7 agree 7 agree agree
Drylab training, practice on models 7 agree 7 agree agree
Supervised practice on real patients 9 agree agree
Fellowship 9 agree agree

Statement MAS* Consensus MAS* Consensus Combined 

Consensus after 

Delphi meeting

Round 1 Round 1 Round 2 Round 2 

Table 4 continued
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steps of the RARP surgery and the peri-operative measurements that are considered 
to be most likely to be related to complications and adverse postoperative outcomes

The relation between the statements and postoperative complica-
tions 
Consensus of ‘agreement’ was reached on three out of 14 statements (Table 2) 
regarding the relation of the statement to postoperative complications. Consensus 
of ‘disagreement’ was reached on six out of 14 statements, one of which received a 
unanimous ‘disagreement’ score (i.e. median score of 1 and disagreement index = 0). 

No consensus was reached on the five remaining statements. The panel agreed on 
the following statements: “Shorter operating times result in fewer complications” and 
“Shorter duration of coagulation results in fewer complications”. All participants disa-
greed with the statement “It is better not to use the third arm of the robot when look-
ing at complications”. 

The relation between the statements and functional results 
The participants of the Delphi Survey reached consensus of ‘agreement’ on two 
out of 14 statements concerning functional results (Table 2). The panel reached a 
consensus of ‘disagreement’ on five out of 14 statements. None of the statements 
received a unanimous score. No consensus was reached on the seven remaining 
statements. The panel agreed on the following statements: “Zooming in more on the 
operation field provides better vision as it leads to better functional results.” and “A 
shorter duration of coagulation results in improved functional results.” 

Steps of the surgery associated with complications 
During the Delphi Survey, consensus of ‘agreement’ was reached on seven out of 11 
statements regarding the steps of the surgery that might be associated with compli-
Table 5 PROTEST Assessment instrument

PROTEST assessment instrument

Pelvic floor muscle expo-

sure

Surgical Skill 1 = Uncoordinated 2 3 4 5 = Perfect coordination
1 = Inaccurate 2 3 4 5 = Perfectly accurate

Total time step (sec)
Time bleeding (sec)
Time coagulating (sec)
Time suturing (sec)
Number of times camera removal (n)
Comments
Events
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Bladder neck dissection Surgical Skill 1 = Uncoordinated 2 3 4 5 = Perfect coordination
1 = Inaccurate 2 3 4 5 = Perfectly accurate

Total time step (sec)
Time bleeding (sec)
Time coagulating (sec)
Time suturing (sec)
Number of times camera removal (n)
Comments
Events

Ligation of prostatic 

pedicles

Surgical Skill 1 = Uncoordinated 2 3 4 5 = Perfect coordination
1 = Inaccurate 2 3 4 5 = Perfectly accurate

Total time step (sec)
Time bleeding (sec)
Time coagulating (sec)
Time suturing (sec)
Number of times camera removal (n)
Comments
Events

Nerve preservation Surgical Skill 1 = Uncoordinated 2 3 4 5 = Perfect coordination
1 = Inaccurate 2 3 4 5 = Perfectly accurate

Total time step (sec)
Time bleeding (sec)
Time coagulating (sec)
Time suturing (sec)
Number of times camera removal (n)
Comments
Events

Management of prostatic 

apex/urethra

Surgical Skill 1 = Uncoordinated 2 3 4 5 = Perfect coordination
1 = Inaccurate 2 3 4 5 = Perfectly accurate

Total time step (sec)
Time bleeding (sec)
Time coagulating (sec)
Time suturing (sec)
Number of times camera removal (n)
Comments
Events
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Vesico-urethral anasto-

mosis

Surgical Skill 1 = Uncoordinated 2 3 4 5 = Perfect coordination
1 = Inaccurate 2 3 4 5 = Perfectly accurate

Total time step (sec)
Time bleeding (sec)
Time coagulating (sec)
Time suturing (sec)
Number of times camera removal (n)
Comments
Events

Lymph node dissection

 (If applicable) 

Surgical Skill 1 = Uncoordinated 2 3 4 5 = Perfect coordination
1 = Inaccurate 2 3 4 5 = Perfectly accurate

Total time step (sec)
Time bleeding (sec)
Time coagulating (sec)
Time suturing (sec)
Number of times camera removal (n)
Comments
Events

Was bladder neck preservation attempted (Y/N)
Where both ureteral orifices in sight during preparation of the bladder neck? (Y/N)
Was the capsula damaged during nerve sparing? (Y/N)
Was there a tear in the vesiculae during preparation? (Y/N)
Was the diathermia used during transection of the plexus of Santorini? (Y/N)
Was the diathermia used during transection of the urethra? (Y/N)
Was the colliculus in sight during transection of the urethra? (Y/N)
Was a bladder neck reconstruction performed? (Y/N) 
Was the Rocco stitch (median fibrous raphe) reconstruction used? (Y/N)
Was a barbed suture used for the bladder/urethra anastomosis? (Y/N)
How many stitch throws were used in the anastomosis (n)
Total Time surgery (sec)
Total Time Bleeding (sec)
Total Time coagulation (sec)
Total Time Suturing (sec)
Total number of camera removals (n)
Total number of events (n)
Average score surgical skills 
2d/3d images
Nerve sparing
BMI
Date of surgery
Age of patient
Tumour stage
Prostate size
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cations. The panel reached consensus of ‘disagreement’ on two out of 11 statements 
(Table 2). No statements received a unanimous score. No consensus was reached 
on two remaining statements. 

The panel agreed that the following steps of the surgery might be associated with 
complications: “Bladder neck dissection”, “Ligation of prostate pedicles”, “Nerve pres-
ervation”, “Management of prostate apex/urethra”, “Vesico-urethral anastomosis”, 
“Lymph node dissection”, and “Wound closure and specimen removal”. 

Steps of the surgery associated with postoperative erectile dys-
function 
The Delphi Survey panel reached a consensus of ‘agreement’ on four out of 11 state-
ments regarding the steps of the surgery that might be associated with postoperative 
erectile dysfunction (Table 2). 

The experts unanimously agreed that “Nerve preservation” and “Management of 
prostate apex/ urethra” might be associated with the incidence of postoperative erec-
tile dysfunction. A consensus of ‘disagreement’ was reached on five out of 11 state-
ments, four of which received a unanimous ‘disagreement’ score. No consensus was 
reached on the two remaining statements. 

Steps of the surgery associated with postoperative urinary inconti-
nence 
During the Delphi Survey, the panel reached a consensus of ‘agreement’ on two out 
of 11 statements (Table 2) regarding steps of the surgery that might be related to 
postoperative urinary incontinence. The panel reached a consensus of ‘disagree-
ment’ on five out of 11 of these statements. No consensus was reached on the four 
remaining statements. A unanimous consensus of ‘agreement’ was reached on one 
of these steps, and a unanimous consensus of disagreement was reached on three 
of these steps. 

The panel agreed that the following steps of the surgery might be associated with 
postoperative urinary incontinence: “Pelvic floor muscle exposure/opening of the en-
dopelvic fascia”, and “Vesico-urethral anastomosis”. 

Factors that play a role in the origins of postoperative complica-
tions 
Both the Delphi Survey and the consensus meeting reached a consensus of ‘agree-
ment’ that all (four out of four) the proposed factors (Table 2) could play a role in 
the origins of postoperative complications. The experts unanimously agreed on the 
relevance of the following factors: “Teamwork”, “Communication between the surgeon 
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and the surgical team”, and “Surgical skills of the surgeon”. 

Elements that are essential for the training of novice surgeons 
The participants of both the Delphi Survey and the consensus meeting reached a 
consensus of ‘agreement’ that all (seven out of seven) proposed elements of train-
ing (Table 2) are essential for the training of novice surgeons. There was unanimous 
agreement on the need to implement the following training assessment methods: 
“Supervised practice on real patients”, and “Fellowship”. 
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Discussion 
The aim of this study was to develop an assessment instrument for the evaluation of 
surgical videos to elucidate the association between surgical skills and postoperative 
outcomes after a robot-assisted radical prostatectomy (RARP). To investigate this as-
sociation, we invited all Dutch experts in RARP to participate in a standardized Del-
phi procedure in order to identify surgical and non-surgical factors in RARP that are 
potentially associated with an adverse postoperative course and to assess whether 
any of these parameters may be worth evaluating for the prediction of postoperative 
outcomes. 

We found that the majority of Dutch urologists specialized in RARP are interested in 
an instrument for video analysis of their surgical skills in relation to the postoperative 
outcomes. These urologists indicated that they were interested to participate in the 
current study because they considered video analysis to be useful for the improve-
ment of surgical skills and the subsequent reduction of postoperative complications. 

Consensus group meeting 
During the consensus group meeting the panel members agreed that the duration 
of the surgical procedure and the duration of coagulation could be causally related 
to the rate of postoperative complications. They advised to investigate whether such 
a causal relation exists. The panel also agreed there could be a causal relation be-
tween the duration of coagulation and the level of adverse postoperative functional 
results. 

The panel agreed that postoperative complications, postoperative erectile dysfunc-
tion and postoperative urinary incontinence could result from events during the fol-
lowing steps of the RARP procedure: “Pelvic floor muscle exposure/opening of the 
endopelvic fascia”, “Bladder neck dissection”, “Ligation of prostate pedicles”, “Nerve 
preservation”, “Management of prostate apex/urethra”, “Vesico-urethral anastomo-
sis”, “Lymph node dissection”, and “Wound closure and specimen removal”. The 
panel agreed that these steps should be incorporated in an assessment instrument to 
investigate whether they are related to adverse postoperative outcomes. 

PROTEST assessment instrument 
Based on the consensus reached during the Delphi Survey and the consensus meet-
ing, the PROTEST assessment instrument was developed (Table 5). This instrument 
can be used to assess the skills of a surgeon through analysis of a video recording of 
the surgery. 

This assessment instrument was developed with the input of the panel members and 
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was reviewed by all panel members in order to give them the opportunity to refine 
and clarify the assessment instrument. One item, “Wound closure and specimen re-
moval”, was not included in the PROTEST assessment instrument, because this step 
is not recorded on surgical videos. 

When comparing the results of the current Delphi study to existing assessment in-
struments15,24,25, the developed PROTEST assessment instrument shows a combina-
tion of subjective surgical skills assessment and objective metrics of procedural steps 
and events. The developed PROTEST assessment instrument is different from the 
GEARS assessment instrument where the focus lies solely on the subjective scor-
ing of 5 technical domains of surgical skill, with no objective measurements.23 The 
GERT assessment instrument comparable to the PROTEST assessment instrument 
as it focusses on different features of the surgery (i.e. clipping, suturing, use of the 
retractors and use of suction), but it only gives feedback on possible errors whilst per-
forming this feature, there is no room to score subjective surgical skills.24 The PACE 
assessment instrument is similar to the GERT assessment instrument as it evaluates 
specific steps of the RARP procedure, similar to the PROTEST assessment instru-
ment, but only gives feedback based on errors whilst performing these steps and 
there is no room for subjective surgical skill analysis.15 

Implications of study findings for clinical practice and research 
This Delphi procedure resulted in an overview of possible origins of complications 
after RARP and in a new assessment instrument that can be used to objectively as-
sess a surgeon’s skills. 

The PROTEST assessment instrument gives detailed insight into the proficiency of 
the surgeon on each of the individual surgical steps of the RARP. It combines the 
answers to two general subjective questions with multiple objective measurements in 
order to provide detailed feedback to the surgeon. 

Future studies should explore whether the factors identified in this Delphi process are 
indeed causally related to postoperative complications and whether video assess-
ments by means of the PROTEST instrument can help in the training of novice sur-
geons and improving the skills of RARP surgeons. 

Limitations 
A limitation of this study is that we consulted all the urologists specialized in RARP 
who are registered in the Netherlands. Future studies with larger panels and interna-
tional participants might add other factors that could contribute to complications after 
RARP. 
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A second limitation is that the answers to the general questions might be subject to 
participation bias and hence they cannot be generalized to the total group of Dutch 
urologists. Finally, the responses of panel members could have been influenced by 
the fact that the consensus meeting was not led by an independent chair. 
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Conclusion 
Dutch experts in the field of RARP have reached consensus on seven surgical steps 
and four aspects of the RARP procedure that may be related to postoperative com-
plications after RARP. The resulting assessment instrument, PROTEST, can be used 
to assess surgical skill. The resulting assessment instrument will be tested in future 
research to determine its validity for assessing the relationship between surgical skills 
and adverse postoperative outcomes after RARP. 
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Abstract:

Introduction and Hypotheses

valuation of surgical skills, both technical and non- technical, is possible through 
observations and video analysis. Besides technical failures, adverse outcomes in 
surgery can also be related to hampered communi- cation, moderate teamwork, lack 
of leadership, and loss of situational awareness. Even though some surgeons are 
convinced about nontechnical skills being an important part of their professionalisa-
tion, there is paucity of data about a possible relationship between nontechnical skills 
and surgical outcome. In robot-assisted surgery, the surgeon sits behind the console 
and is at a remote position from the surgical field and team, making communication 
more important than in open surgery and conventional laparoscopy. A lack of struc-
tured research makes it difficult to assess the value of the different analysis methods 
for nontechnical skills, particularly in robot-assisted surgery. Our hypothesis includes 
the following: (1) introduction of robot-assisted surgery leads to an initial decay in 
nontechnical skills behaviour during the learning curve of the team, (2) nontechnical 
skills behaviour is more explicitly expressed in experienced robot-assisted surgery 
teams than in experienced open surgery teams, and (3) introduction of robot-assisted 
surgery leads to the development of different forms of nontechnical skills behav- iour 
compared with open surgery.

Design
This study is a prospective, observational, multicentre, nonrandomised, case-control 
study including bladder cancer patients undergoing either an open radical cystecto-
my or a robot-assisted radical cystectomy at the Catharina Hospital Eindhoven, the 
Netherlands, or at the Netherlands Cancer Institute, Antoni van Leeuwenhoek Hos-
pital Amsterdam. All patients are eligible for inclusion; there are no exclusion criteria. 
The Catharina Hospital Eindhoven, the Netherlands, performs on average 35 radical 
cystectomies a year. The Netherlands Cancer Institute, Antoni van Leeuwenhoek 
Hospital Amsterdam, performs on average 100 radical cystec- tomies a year.

Protocol Overview
The choice of treatment is at the discretion of the patient and the surgeon. Patient 
results will be obtained prospectively. Pathology results as well as complications oc-
curring within 90 d following surgery will be registered. Surgical complications will be 
registered according to the Clavien-Dindo system.
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Measurements 
Nontechnical skills will be observed using five different methods: (1) NOTSS: Non-
technical Skills for Surgeons; (2) Oxford NOTECHS II: a modified theatre team non-
technical skills scoring system; (3) OTAS: Observational Team- work Assessment for 
Surgery; (4) Interpersonal and Cognitive Assessment for Robotic Surgery (ICARS): 
evaluation of nontechnical skills in robotic surgery; and (5) analysis of human fac-
tors. Technical skills in robot-assisted radical cystec- tomy will be analysed using two 
different methods: (1) GEARS: Global Evaluative Assessment of Robotic Skill and (2) 
GERT: Generic Error Rating Tool.

Safety criteria and reporting
Formal ethical approval has been provided by Medi- cal research Ethics Committees 
United (MEC-U), The Netherlands (reference num- ber W19.048). We hope to pres-
ent the results of this study to the scientific community at conferences and in peer-re-
viewed journals.

Statistical Analysis
Frequency statistics will be calculated for patient demograph- ical data, and a Shap-
iro-Wilk test with p > 0.05 will be used to define normal distribution. Univariate anal-
ysis will be conducted to test for statistically significant differences in observation 
scores between open radical cystectomy and robot- assisted radical cystectomy 
cohorts across all variables, using independent sample t tests and Mann-Whitney U 
testing, as appropriate. A variable-selection strategy will be used to create multivari-
ate models. Binary logistic regression will be conducted to calculate odds ratios and 
95% confidence intervals for significant predictors on univariate analysis and clinically 
relevant covariates. Statistical significance is set at p < 0.05 based on a two-tailed 
comparison.

Summary 
This study uses a structured approach to the analysis of nontechnical skills using 
extracorporeal videos of both open radical cystectomy and robot- assisted radical 
cystectomy surgeries, in order to obtain detailed data on nontech- nical skills dur-
ing open and minimally invasive surgeries. The results of this study could possibly 
be used to develop team-training programmes, specifically for the introduction of 
the surgical robot in relation to changes in nontechnical skills. Additional analysis of 
technical skills using the intracorporeal footage of the surgical robot will be used to 
elucidate the role of surgical skills and surgical events in nontechnical skills.
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Introduction and Hypotheses
Qualification and certification of surgical skills performance are still in a preliminary 
phase within all surgical specialties, including urology. There are, however, urgent 
calls from the government and patient organizations for well-defined proficiency 
standards to safeguard the quality of care.1,2 Also, professionals themselves are in-
creasingly interested to define their qualifications and to improve skills.3 

Multiple research groups are investigating the relation between surgeons’ technical 
skills and postoperative outcome.4–6 With the introduction of laparoscopy and the sur-
gical robot new and improved  assessment tools of  surgical skills have been devel-
oped.5,7–9 

Although the analysis of technical surgical skills in robot assisted surgery can lead 
to major improvements of postoperative outcomes10, the possible influence of 
Non-Technical-Skills on postoperative outcomes also merits attention  

The Non-Technical Skills needed for a successful Robot Assisted Radical Cystecto-
my probably differ from the Non-Technical Skills needed for Open Radical Cystecto-
my. 

Even though several general assessment methods have been developed for both the 
entire team11–13 and individual team members14–16 the question remains if these  tools 
can accurately assess Non-Technical Skills in such complex robot assisted surgeries 
as Robot Assisted Radical Cystectomy. With the introduction of the Interpersonal and 
Cognitive Assessment for Robotic Surgery (ICARS)17, adaptation to the robot assist-
ed surgical setting has started. 

The introduction of the surgical robot has totally changed the traditional set-up of 
the operating room, since scrub nurse and surgeon are no longer on opposite sides 
of the patient. In robot assisted surgery the surgeon is located in a separate control 
console during most of the surgery, and therefore direct communication with the team 
members could be hampered. It is conceivable that loss of non-verbal communication 
can influence the work-flow and therefore the quality of the performance including 
patient’s safety. 

Two systematic reviews have been published concerning studies of  Non-Technical 
Skills in minimal invasive surgery (i.e. conventional laparoscopy and robot assisted 
surgery).18,19 A  wide variety in assessments of Non-Technical Skills was  used which 
makes comparison of tools difficult.18,19

Van der Vliet et al.19 advises additional Non-Technical Skills research to be performed 
in  the different surgical approaches (open, laparoscopic, robot-assisted) . Moreover, 
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it is advised to use of multiple trained observers to assess audio-visual recordings 
of the surgical environment to identify and quantify possible inter-observer reliability. 
The group of Gjeraa et al18. advises the systematic identification of Non-Technical 
Skills skills in minimal invasive surgery in order to develop effective, evidence-based 
team training programs for minimal invasive surgeries. 

The present study aims to perform a structured evaluation of Non-Technical Skills in 
both open and robot assisted complex surgery. To investigate the manner in which 
the introduction of the surgical robot influences both Non-Technical Skills and out-
comes surgical outcome during the first year of Robot Assisted Radical Cystectomy 
compared to Open Radical Cystectomy.

In addition, technical skills analysis in Robot Assisted Radical Cystectomy will be 
performed to evaluate the possible relation between technical skills and Non-Techni-
cal Skills. The radical cystectomy was chosen for this analysis because it is a lengthy, 
complex and demanding surgery for surgeon and other team members. 

Since radical cystectomy surgeries takes many hours, a long-term and detailed anal-
ysis is possible per procedure. The radical cystectomy is traditionally performed open 
(Open Radical Cystectomy) at the Catharina hospital Eindhoven, but recently a shift 
is made to Robot Assisted Radical Cystectomy. This shift enables us to investigated 
in which manner Non-Technical Skills changes during the introduction of Robot As-
sisted Radical Cystectomy. The Non-Technical Skills during learning curve of Robot 
Assisted Radical Cystectomy in the Catharina Hospital Eindhoven will be compared 
to the Non-Technical Skills during the Open Radical Cystectomy in the same hospital 
as well Non-Technical Skills of an experienced Robot Assisted Radical Cystectomy 
team in the Antoni van Leeuwenhoek Hospital. 

These analyses will be performed in order to investigate in which matter Non-Tech-
nical Skills change during the introduction of the Robot Assisted Radical Cystectomy 
and which factors contribute to the learning curve. Results obtained during this study 
could be beyond Robot Assisted Radical Cystectomy since the changes in OR setup 
and the loss of non-verbal communication are universal when making the shift from 
open to robot assisted surgery.  
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Our hypothesis are:
1. The introduction of Robot assisted surgery leads to an initial decay in Non-Techni-

cal Skills behaviour during the learning curve of the team.

2. In experienced robot assisted surgery teams Non-Technical Skills behaviour is 
more explicitly expressed compared to experienced open surgery teams. 

3. The introduction of Robot assisted surgery leads to the development of different 
forms of Non-Technical Skills behaviour compared to open surgery.

The results of this study could possibly be used to develop team-training pro-
grams specifically for the introduction of the surgical robot in relation to changes 
in Non-Technical Skills. Additional technical skills analysis using the intra-corporal 
footage of the surgical robot will be used to elucidate the role of surgical skills and 
surgical events on Non-Technical Skills. 

Design
The present study is a prospective observational multicentre non-randomised case 
control study that will include all patients undergoing either an Open Radical Cys-
tectomy (Open Radical Cystectomy) or Robot Assisted Radical Cystectomy (Robot 
Assisted Radical Cystectomy) in Catharina Hospital Eindhoven and in Antoni van 
Leeuwenhoek Hospital. 

Time line
The inclusion will be from January 2021 until August 2022 in both hospitals simulta-
neously (figure 1). The video collection will start once the first patient is included and 
will continue until the last patient has had his surgery. Follow-up data collection will 
start in February of 2021 and will continue until December of 2022. Data analysis will 
start in January 2022.  

Figure 1 timeline of the study
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Study population
The surgical team on the OR will be the study population. Individual permissions will 
be obtained from all members of the surgical team, i.e. urologists, OR nurses, and 
anaesthesiologists. The surgeries will be performed by three urologists, one surgeon 
will perform all open radical cystectomy’s (Open Radical Cystectomy), one surgeon 
will perform all Robot Assisted Radical Cystectomy’s in the Catharina Hospital Ein-
dhoven, and one surgeon will perform all Robot Assisted Radical Cystectomy’s and 
Open Radical Cystectomy’s in the Antoni van Leeuwenhoek hospital. The OR nurses 
for each Open Radical Cystectomy and Robot Assisted Radical Cystectomy in the 
Catharina Hospital Eindhoven will be selected based on shift schedules from the ex-
perienced dedicated team of six urology OR nurses. The OR nurses for each surgery 
in the Antoni van Leeuwenhoek hospital will be selected from the experienced dedi-
cated team of six urology OR nurses. The anaesthesiologists will be randomly select-
ed for each surgery form the total number of anaesthesiologists who have signed an 
informed consent form. All team members have worked together before. 

After five Robot Assisted Radical Cystectomy procedures a survey based on the sur-
vey developed by McBride, et al.24 (appendix 1) will be held with the OR nurses in the 
Catharina Hospital Eindhoven in order to investigate the view of the OR nurses on 
the potential benefits of Robot assisted surgery. All surgeons will be asked what level 
of prior experience/training they have prior to the start of the study. 

Inclusion criteria
Patients who will undergo either an Open Radical Cystectomy (Open Radical Cystec-
tomy) or Robot Assisted Radical Cystectomy (Robot Assisted Radical Cystectomy) 
in Catharina Hospital Eindhoven or Antoni van Leeuwenhoek hospital are eligible for 
this study. The choice of treatment is at the discretion of the patient and the surgeon.

For study inclusion, the following criteria must be met:

- Patients must be at least 18 years of age. 

- patients must be able to understand and sign an informed consent. 

- Patients who will undergo either an Open Radical Cystectomy (Open Radical Cys-
tectomy) or Robot Assisted Radical Cystectomy (Robot Assisted Radical Cystectomy) 
in Catharina Hospital Eindhoven or Antoni van Leeuwenhoek hospital. 

- Indication for the radical cystectomy must be urothelial cell carcinoma of the blad-
der.
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- Informed consent of the patient to gather data and perform observations during 
surgery.

Exclusion criteria
No exclusion criteria will be used for this study.

Recruitment and consent
Informed consent from both patient and OR staff will be obtained allowing observa-
tion of the surgical procedure and obtaining patients data. 

Withdrawal of individual subjects/employee
Both the subject of the surgery and all employees present during the surgery can 
always withdraw their consent to the use of their personal data/recording of the sur-
gery. The data collected up to the moment of withdrawal of consent and the recording 
of the surgery will be destroyed after consent has been withdrawn. Consent can be 
withdrawn up to 6 months after surgery in order to have the recorded surgery de-
stroyed. After 6 months, the recorded surgery will be automatically destroyed

Centre details
Based on prior data, on average a total of 35 ORCs is performed yearly in the Catha-
rina Hospital Eindhoven. Since the Robot Assisted Radical Cystectomy has just been 
introduced the total number of Open Radical Cystectomy will be divided over the 
Open Radical Cystectomy and the Robot Assisted Radical Cystectomy modalities, it 
is expected that half of the radical cystectomies will be performed robot assisted. In 
the Antoni van Leeuwenhoek hospital, on average a total of 50 RARCs and 50 ORCs 
are performed each year. It is possible to include further hospitals in the future.

Protocol Overview
Patient results will be obtained prospectively. Pathology results will be registered as 
well as complications occurring within 90 days following surgery. Complication will be 
registered according to the Clavien Dindo system surgery.

Measurements 
Non-technical skills will be observed using five different methods.
1. NOTSS: Non-Technical Skills for Surgeons.16 

2. Oxford NOTECHS II: A Modified Theatre Team Non-Technical Skills Scoring Sys-
tem.11,12

3. OTAS: Observational Teamwork Assessment for Surgery.20
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Figure 2 overview of the video analysis software Digital Video Coach.

Level 1 labels 
Level 2 labels 

4. ICARS: non-technical skills evaluation in robotic surgery.17

5. Human factors analysis21

Technical skills in Robot Assisted Radical Cystectomy will be analysed 
using two different methods:
Since no intra-corporal videos of the Open Radical Cystectomy can be recorded due 
to blocking of the image by the surgeons and the OR lights, and difficulty getting a 
clear view into the surgical area in the pelvic region from a distance. The technical 
skills analysis will only be performed on the Robot assisted radical prostatectomy 
videos. This method of analysis will be performed to investigate the influence of robot 
assisted surgery experience on Non-technical skills and outcome of the surgery. 

1. GEARS: Global Evaluative Assessment of Robotic Skill.7 

2. GERT: Generic Error Rating Tool.5 

Data Collection and handling 
Data collection will consist of video capturing and analysis of patient records.  Two 
trained observers (observer 1 and 2 bot have a background in medicine), with orien-
tation and training in both Non-Technical Skills and technical assessment methods, 
will independently observe surgical videos. All video’s will be analysed by both re-
searchers. In case of disagreement a third independent expert with a psychology and 
leadership assessment background (observer 3) will be asked to perform a third anal-
ysis. Interrater reliability will be analysed using Cohens Kappa. 

The surgical video will be assessed in multiple phases, in each phase an Non-Tech-
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nical Skills-assessment method will be used to assess non-technical skills. The 
surgical videos will be analysed using a customizable video analysis software “digital 
Video Coach” developed by ZEAL IT (figure 2).

The video analysis software “Digital Video Coach” makes it possible to register the 
occurrence of Non-Technical Skills behaviour and peri-operative events (i.e. people 
entering or leaving the OR, phone calls, etc.) Two sets of labels will be created in 
order to define the different Non-Technical Skills behaviour and peri-operative events 
present during the surgery. The selection of one of the labels automatically marks the 
time code corresponding to the moment the label was pressed. This makes it possi-
ble to measure the duration of the Non-Technical Skills behaviour and peri-operative 
events. The labels used for this analysis will be Non-Technical Skills-assessment 
method specific. 

Training of the two observers (observer 1 and 2) will be performed using the NOTSS 
introductory course and advanced course (NOTSS for Trainees and NOTSS in a 
Box) as developed by the Royal College of Surgeons of Edinburgh.23 Further training 
in the remaining analysis methods will be performed by a specialist in Non-Technical 
Skills assessment (observer 3).  

The technical skills assessment training will be performed by an expert on technical 
skills analysis with expert knowledge of the procedure and Robot Assisted Surgery 
(observer 4, is a surgeon who has performed over 200 Open Radical Cystectomy 
and Robot Assisted Radical Cystectomy procedures and a trainer of new and experi-
enced surgeons). Observer 4 will act as independent expert in case of disagreement 
between the two observers (observer 1 and 2). 

The videos will be recorded using three cameras installed in three different point in 
the OR. Objects which should be in view are: the OR table, in case of robot assist-
ed surgery the robot console, the anaesthesiology equipment, the OR door to the 
non-sterile area of the OR complex, the OR door to the sterile area of the OR. Re-
cording from three different angles in the OR will assure there will be a 360-degree 
view of the proceedings in the OR. The cameras used have a 170-degree image 
angle with high definition imaging so maximum coverage can be achieved. 

Voice data will be collected using personalized voice recorders per staff member 
present in the OR. The audio feed on the cameras is strong enough to get a general 
view of the conversations during the surgery, for detailed analysis the recording of 
personal voice recorder will be used to gain insight into the orders given during diffi-
cult of abnormal phases of the surgery.

Surgeon specific data will be recorded at the start of the OR, these include but are 
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not limited to: Age of the surgeon, Gender, right or left handedness, gaming experi-
ence and prior surgical and robot assisted surgery experience. If multiple surgeons 
will operate during the same surgery all will be asked to complete the above-men-
tioned questionnaire, changes in lead surgeon will be recorded during the surgery. 

Cases will be de-identified and labelled with study codes. Patient data will be record-
ed during regular follow-up visits by an oncology nurse or the patient’s physician. 
Since all outcome measures are standard data recorded for these surgeries, no addi-
tional strain will be put on the participating patients. This study was granted approval 
from the institutional medical committee. 

Data from the anaesthesiologist continuous monitoring is automatically saved in the 
patients’ medical file. This data will be used to identify moments in which the patient 
is in distress, i.e. a sudden decrease of blood pressure, a sudden increase in heart 
rate, a sudden decrease in oxygen saturation of the patient. These moments will be 
of special interest to the observers in order to observe the reaction of the team to 
sudden adverse events during surgery. 

Data will be handled strictly confidential and will be coded during the extraction of 
either patient characteristics or video analyses. It will be stored in a secure and en-
crypted database (research manager) and code lists will exclusively be stored at the 
hospital of consultation or treatment until video analysis results and patient charac-
teristics have been matched. Afterwards they will be destroyed. The video and audio 
data will be stored for a maximum period of 6 months. 

Statistical Analysis
Frequency statistics will be calculated for patient demographical data, and a Shap-
iro-Wilk test with p > 0.05 will be used to define normal distribution. Univariate anal-
ysis will be conducted to test for statistically significant differences in observation 
scores between Open Radical Cystectomy and Robot Assisted Radical Cystectomy 
cohorts across all variables, using Independent Sample T-Tests and Mann–Whitney 
U testing as appropriate. A variable-selection strategy will be used to create multivari-
ate models. Binary logistic regression will be conducted to calculate odds ratios (OR) 
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and 95% confidence intervals (CIs) for significant predictors on univariate analysis 
and clinically relevant covariates. Statistical significance is set at p < 0.05 based on 
a two-tailed comparison. Statistical analyses will be performed using SPSS Statistics 
version 24 (IBM, NY).

Primary outcome measurements
The following outcomes will be reported. 

Non-technical skills will be observed using five different methods.
1. NOTSS: Non-Technical Skills for Surgeons.16 

The focus of the NOTSS assessment method lies on the following aspects of 
Non-Technical Skills:

- Situation Awareness: Developing and maintaining a dynamic awareness of the 
situation in operating theatre based on assembling data from the environment, under-
standing what they mean, and thinking ahead about what may happen next. 

- Decision Making: Skills for diagnosing the situation and reaching a judgement 
in order to choose an appropriate course of action. 

- Communication and Teamwork: Skills for working in a team context to ensure 
that the team has an acceptable shared overview of the situation and can complete 
tasks effectively. 

- Leadership: Leading the team and providing direction, demonstrating high 
standards of clinical practice and care, and being considerate about the needs of 
individual team members. 

2. Oxford NOTECHS II: A Modified Theatre Team Non-Technical Skills Scoring Sys-
tem.11,12

The focus of the NOTECHS II assessment method lies on the following aspects of 
Non-Technical Skills:

- leadership and management

- teamwork and co-operation

- problem-solving and decision-making

- situation awareness

3. OTAS: Observational Teamwork Assessment for Surgery.20
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The focus of the OTAS assessment method lies on the following aspects of 
Non-Technical Skills:

- communication

- coordination

- cooperation and back up behaviour

- leadership

- team monitoring and situational awareness

4. ICARS: non-technical skills evaluation in robotic surgery.17

The focus of the ICARS assessment method lies on the following aspects of 
Non-Technical Skills:

- checklist and equipment

- interpersonal skills (communication and team skills & leadership)

- cognitive skills (decision-making & situational awareness)

- resource skills (stress and distractors)

5. Human factors analysis.21

Human factors analysis consists of 4 levels of system failure: unsafe acts, precondi-
tions for unsafe acts, unsafe supervision, and organizational influences. 

6. Peri-operative events (i.e. people entering or leaving the OR, phone calls, etc.) 

Technical skills in Robot Assisted Radical Cystectomy will be analysed 
using two different methods:
1. GEARS: Global Evaluative Assessment of Robotic Skill.7 

The focus of the GEARS assessment method lies on general robot surgical princi-
pals, i.e. Depth perception, bi-manual dexterity, efficiency, force sensitivity, autonomy, 
and robotic control  

2. GERT: Generic Error Rating Tool.5 

The focus of the GERT assessment method lies on the capture and analysis of tech-
nical errors and resulting events during laparoscopic procedures.

Secondary outcome measurements
Age, WHO performance status, Charlson comorbidity index, neoadjuvant chemother-
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apy, prior local treatment, prior radiation therapy in the surgical field, diagnosis, prior 
abdominal and/or pelvic surgery, the indication of surgery, per-operative complica-
tions, postoperative complications according to the Clavien-Dindo system22, length of 
hospital stay, ICU stay, blood loss, PREMS, PROMS, method of surgery, and onco-
logical outcome (Surgical margins and number of resected lymph nodes, and pathol-
ogy results) will be registered prospectively. Patient follow-up will be at least 30 days. 
Surgeon specific data will be recorded (i.e. Age of the surgeon, Gender, right or left 
handedness, gaming experience and prior surgical and robot assisted surgery expe-
rience)

Regulation statement
As this is a prospective observational non-invasive study, participants will not be 
subject to any study treatments or actions. Even though, the Medical Research 
Involving Human Subjects Act (in Dutch: Wet Medisch-wetenschappelijk Onderzo-
ek met Mensen) does not apply informed consent will be obtained. This study will 
be conducted in accordance to the “Code Goed Gebruik” (January 2002).  Formal 
ethical approval has been provided by Medical research Ethics Committees United 
(MEC-U), Nieuwegein, reference number W19.048. The study protocol is registered 
at the Netherlands Trail Registry under reference number NL8537.

Privacy
Observations will be performed during surgery by two members of the urology in-
house staff (Medically trained researchers with training in both Non-Technical Skills 
and Technical skills analysis) none of the observers have a hierarchical relationship 
with any of the team members. 

As discussion of planned surgeries are part of daily staff meetings there are no addi-
tional privacy concerns. 

The observations do not contain the name of the patient, nor the date and time of 
surgery. This is in accordance with the General Data Protection Regulation, GDPR. 

Handling and storage of data and documents
Data will be handled strictly confidential and will be coded during the extraction of pa-
tient characteristics and video analysis. It will be stored in a secure and encrypted da-
tabase (research manager) and code lists will exclusively be stored at the hospital of 
consultation or treatment until video analysis results and patient characteristics have 
been matched. The data will be stored for a maximum period of 6 months. Afterwards 
they will be destroyed
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Appendix 1: Survey on potential benefits of Robot assisted 
surgery developed by McBride, et al.24
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Robot-Assisted Radical Prostatectomy: A survery on the influence of postoperative results analysis 
and surgical video review on postoperative complications and functional results. 

Abstract

Objective
To investigate the experiences and opinions of surgeons in the field of Robot-assisted 
Radical Prostatectomy (RARP) on the influence of video reviews and postoperative 
results analysis on postoperative complications and functional results (i.e. urinary 
continence and erectile function). 

Design, Setting, and Participants
RARP surgeons who were expected to perform video reviews and postoperative re-
sults analysis were identified. A total of 93 RARP surgeons were invited to participate 
in this survey. Online questionnaires were distributed. 

Outcome Measurements and Statistical Analysis
The questionnaire contained the following domains: background information of the 
RARP surgeons, evaluation of the use of postoperative results analysis and surgical 
video review, and future recommendations.

Results and Limitations
A total of 30 RARP surgeons responded to the questionnaire. 27 respondents organ-
ized periodical results analyses, 17 of them reviewed edited videos as part of stand-
ard clinical practice in their hospital. Most respondents recommend video review, 
and are convinced it improves outcomes through self-reflection, feedback from a 
colleague, or from seeing different techniques and ‘tricks’. The reviewed videos were 
watched in a group of surgeons, the videos had various subjects: outlined complica-
tions, salvage treatments, unusual/important findings or specific phases of surgery. 
The respondents agreed on the effect of the various phases of RARP on complica-
tions and postoperative outcomes. Their opinion of the influence of some surgical 
steps was ambiguous. 

Conclusion
RARP surgeons have accepted the implementation of postoperative results analysis 
and surgical video review as forms of quality assurance and self-reflection. They use 
edited surgical videos during team meetings in order to gain insight into the specific 
facets (surgical steps) of RARP related to postoperative complications and functional 
outcomes (i.e. urinary continence and erectile function).    
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Introduction
In the USA, approximately 90% of the radical prostatectomy surgeries are performed 
using the surgical robot,1 i.e.  Robot-Assisted Radical Prostatectomy (RARP). The 
influence of the surgical skills during RARP on surgical complications and functional 
outcomes has been investigated, but the specific surgical steps influencing urinary 
continence and erectile function remain unclear so far.1–3 

In general, laparoscopic and robotic surgery provides the possibility to evaluate sur-
geons’ skills based on intra-corporal surgical videos.4,5 Analysis of these videos offers 
the opportunity to gain insight into past performance and to relate intra-operative 
events to adverse postoperative outcomes to learn for the future.6–9 

Effective training and assessment of performance are fundamental to ensuring that 
surgeons reach their intended goal and operate safely with maximum preservation of 
functions.7,10,11 The field of video review and postoperative results analysis is focused 
on predicting postoperative results and reducing complications.1,2,12,13 Even though 
multiple groups have investigated the possibility of video review it is unclear if video 
review has found its place in daily clinical practice. Earlier research of our group has 
shown Dutch experts are willing to participate in surgical video review.1 Results have 
shown 92% of the respondents assume the use of surgical video review leads to 
recognition of errors and identification of possible improvements which can result in 
an improvement in surgical technique which can, in turn, contribute to the reduction 
of postoperative complications.1

To gain insight into the use, extent and possible effect of postoperative results anal-
ysis and surgical video review in daily clinical practice, a survey was performed 
amongst international RARP surgeons. The following key questions had to be an-
swered: 

Is postoperative results analysis and surgical video review implemented in daily prac-
tice RARP surgeons? 

What different strategies of postoperative results analysis and surgical video review 
are used by the RARP surgeons?  

Do these surgeons assume postoperative results analysis and surgical video review 
to be useful in improving daily practice and reduce complications? 

Can RARP surgeons indicate which factors have their interest during postoperative 
results analysis and surgical video review related to improvement of postoperative 
functional outcomes and reduction complications? 
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Method 
To obtain information on the experienced influence of video reviews and postop-
erative results analysis on complications and postoperative functional outcome, a 
questionnaire (supplementary data 1) was sent to investigate the opinions of RARP 
surgeons. 

Surgeon panel
The surgeons were identified based on a multitude of factors: expected to perform 
video reviews and postoperative results analysis, have a known scientific interest 
in RARP through publications, have a high caseload, recommendation by an expert 
(HvdP), being a proctor or educator of a robotic fellowship, or being a staff member in 
one of the CC-ERUS-EAU host centers. Based on these (soft) criteria 93 RARP sur-
geons were invited to participate in this survey. Informed consent was obtained from 
all participants included in the study.

Questionnaire
The questionnaire (supplementary data 1) contained questions on: background infor-
mation about the respondents, evaluation of the use of postoperative results analysis, 
evaluation of the use of surgical video review, the influence of postoperative results 
analysis and surgical video review on daily practice, and future recommendations on 
postoperative results analysis and surgical video review. The questionnaire was sent 
using the self-service function of the Data Management module developed by Re-
search Manager https://my-researchmanager.com/en/home-2/. 
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Statistical analysis
In this descriptive study, data was presented as frequency distribution with percent-
ages. Data was analysed with SPSS v25 (IBM Corp., Armonk, NY, USA).  

Results
A total of 30 RARP surgeons (32%) responded to the survey, two responses were in-
complete (figure 1). A total of 24 (80%) had at least five (or more) years of experience 
(Table 1). A total of 22 (73%) participants performed more than 500 RARPs in their 

Figure 1. Flow diagram of response

career. The hospitals of 14 (47%) respondents were part of a combination of medical 
centers that work together in the field of prostate cancer care. The surgeons originat-
ed from all over the world (Table 1). Of the respondents 19 (63%) worked in a ERUS 
Robotic Certified Host centre.  

The use of postoperative results analysis and surgical video review 
in daily practice 
All respondents record surgical videos of their cases. Twenty-seven of the 30 (90%) 
respondents organized periodical postoperative result analysis meetings, of whom 17 
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Table 1. Respondent characteristics

Question n (%)
Total respondents (%/invitees) 30 (32)
Occupation*
Fellow 1 (3.3)
Urologist 29 (97)
Professor 12 (40)
Chief 9 (30)
Trainer 9 (30)
Years of experience
0 to 5 6 (20)
6 to 10 4 (13)
11 to 15 10 (33)
16 to 20 8 (27)
More than 20 2 (6.7)
RARPs performed personally
<500 8 (27)
501 to 1000 4 (13)
1001 to 1500 3 (10)
1501 to 2000 5 (17)
2001 to 2500 5 (17)
2501 to 3000 3 (10)
>3500 2 (6.7)
RARPs performed in centre/network yearly
<500 20 (67)
501 to 1000 5 (17)
1001 to 1500 1 (3.3)
1501 to 2000 2 (6.7)
2501 to 3000 1 (3.3)
>3500 1 (3.3)
Urologists performing RARP in your centre/network
1 to 3 9 (30)
4 to 6 17 (57)
7 to 9 3 (10)
10 to 12 1 (3.3)

(56%) included surgical video review (Table 2). One respondent was in the process 
of including surgical video review in their clinic.  The postoperative results analyses 
were held at various intervals. Two respondents analysed and reviewed the data 
alone. Twenty-five (83%) respondents held the meetings in a team, of which eight 
only with urology staff, 13 with urology staff and residents, and four held one-on-one 
meetings. None invited nurses or operating room staff to the review meeting. 
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Different strategies of postoperative results analysis and surgical 
video review 
All of the respondents who incorporated video review showed either fast-forwarded 
or edited videos (i.e. specific phases of the surgery of fast-forwarded videos). Re-
spondents reported several limitations of video review: lack of storage capacity, lack 
of structured video database, no structured analysis of videos, lack of time to edit and 
view videos, and privacy issues. Three respondents reported no limitations and one 
respondent stated they have staff editing the video material and have extra servers to 
store video cases. Other respondents would tackle stated limitations by clearing time 
schedule of staff and residents to view videos, hiring staff to edit videos to only see 
the relevant frames, creating a structured database with easy storage and acces to 
videos that meets privacy standards.

All but one respondents (96%) recommended implementation of video review, even 
those who did not yet practice it. They assumed it improves outcomes through 
self-reflection, feedback from a colleague who might see details they did not, or from 
observing different techniques and ‘tricks’ of a colleague. The participants stated it 
is important for both residents and staff to take a step back and view their own and 
others’ techniques. It made them realize their limitations and where to focus their 

Country of origin
Belgium 4 (13)
Great Britain 4 (13)
Italy 4 (13)
Germany 3 (10)
France 3 (10)
The Netherlands 3 (10)
Australia 1 (3.3)
Greece 1 (3.3)
India 1 (3.3)
Spain 1 (3.3)
Turkey 1 (3.3)
Czech Republic 1 (3.3)
United States 1 (3.3)
Sweden 1 (3.3)
Switzerland 1 (3.3)

Question n (%)

Table 1. continued 

*Seven respondents had multiple occupations.

*Three respondents were professor, chief and trainer. Two respondents were professor and chief. 
One respondent was professor and trainer. One respondent was chief and trainer. 
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improvement. The respondents believe video reviewing improves skills such as dex-
terity, speed, tissue handling. One respondent who incorporated video reviewing in 
the training program of residents stated ‘’Changes [in skills] happen in real time. I see 
the benefits of their efforts with each succeeding case.’’ The respondents advised 
similar formats: choose videos of complications or specific surgical steps, periodically 
review and discuss these videos in a panel of experts/colleagues or with mentor and 

Table 2. Organization of postoperative result analysis

Question n (%)
Do you organize postoperative result analysis? 
Yes 27 (90)
Interval 
Once a month 7 (26%)
Once every two months 1 (3.7)
Once every three months 9 (30)
Twice a year 9 (30)
Once a year 3 (11)
Setting
Alone 2 (7.4)
Group meeting, staff only 8 (30)
Group meeting including residents 13 (48)
One on one 4 (15)
Do you include video reviews?
Always 7 (41)
75% of the time 7 (41)
50% of the time 2 (12)
25% of the time 1 (5.9)
In what way are videos shown?
Edited videos, only certain phases 11 (65)
Fast forwarded video's 6 (35)
Are videos shown of one surgeon or multiple surgeons
One surgeon 3 (18)
Multiple surgeons 14 (82)
Provision of background information during video reviews
Blind 1 (5.9)
Yes case information after preliminary discussion 1 (5.9)
Yes, case information only 4 (24)
Yes, case information and surgeon information 11 (65)
Provision of feedback based on video review
Yes, at a later time one-on-one verbally 4 (24)
Yes, during the meeting 11 (65)
No 2 (12)
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residents, be open-minded to feedback and apply the feedback to improve daily clin-
ical practice. Some participants suggested virtual messenger based groups to share 
short, deidentified videos with other experts or to send a video to an expert for re-
viewing. Future recommendations to improve the video review process were: stand-
ardized measurements (definition of failure), standardized reporting system, relating 
errors and complications to functional outcomes, relating specific surgical steps to 
outcomes.

The use of postoperative results analysis and surgical video review in improving daily 
practice and reduction of complications.

All respondents intended to adapt daily practice based on their periodical postopera-

Question n (%)
Total respondents answering the following questions 17
Which of the surgical steps are of interest to you when looking at continence?

(multiple answers possible)
Abdominal cavity approach/port placement 1 (5.9)
Retropubic space approach/mobilisation of Retzius 4 (24)
Pelvic floor muscle exposure/opening of the endopelvic fascia 10 (59)
Bladder neck dissection 12 (71)
Ligation of prostate pedicles 4 (24)
Nerve preservation 14 (82)
Management of prostate apex/urethra 16 (94)
Prostate removal 2 (12)
Urethro-vesical anastomosis 15 (88)
Lymph node dissection 3 (18)
75% of the time 7 (41)
50% of the time 2 (12)
25% of the time 1 (5.9)
Which of the surgical steps are of interest to you when looking at erectile function? (multiple an-

swers possible)
Pelvic floor muscle exposure/opening of the endopelvic fascia 9 (53)
Bladder neck dissection 4 (24)
Ligation of prostate pedicles 11 (65)
Nerve preservation 17 (100)
Management of prostate apex/urethra 14 (82)
Urethro-vesical anastomosis 5 (29)
Lymph node dissection 4 (24)
Retropubic space approach/mobilisation of Retzius 1 (5.9)

Table 3. Respondents’ perception of the influence of surgical steps on outcomes
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tive results analysis. Two respondents required their urologists and urologists in train-
ing to perform RARP under guidance through a dual console Da Vinci robot, either at 
random or when they do not meet self-constructed quality criteria. Eight respondent 
(26%) specifically stated they adapted the surgical approach and postoperative care 
based on postoperative result analysis, video review and team discussions. They 
adapted surgical techniques in specific steps of the surgery, rejected techniques of 
limited benefit and analysed the results after a set number of months to create a con-
tinuous feedback loop. This has also led to changes in patient selection, due to the 
fact that some techniques are less suitable for specific cases.  

During the meetings, topics of interest were challenging cases (such as patients with 
high BMI, large prostate volumes), margin status, functional outcomes and surgical 
complications based on Clavien Dindo classification. When assessing functional 

Beneficial Detrimental
Lower age Higher age
Narrow bladder neck Overweight
Moment of surgery Comorbidity
Patient positioning Prior abdominal surgery
Surgical technique Previous transurethral resection of the prostate 

or Salvage prostatectomy
Surgeon experience Pelvic radiation
Peri-operative checks e.g. bladder filling to check 

for leakage

Surgical errors

Peri-operative anesthesiologic planning Pelvic lymph node dissection
Expertise of and communication with bedside 

assistance

Extensive blood loss

Postoperative care Coagulation during ‘management of prostate 

apex/urethra’, ‘urethro-vesical anastomosis’ and 

‘nerve preservation

Table 4: Factors associated with complications and outcomes

outcomes, most respondents reviewed those cases with optimal and bad outcomes 
and compared the surgical techniques on the videos. The reviewed cases had vari-
ous subjects: outlined surgical complications, salvage treatments, unusual/important 
findings or specific phases of surgery. 

Factors of interest in postoperative results analysis and surgical video review related 
to improvement of postoperative functional outcomes and reduction complications

 Seventeen participants answered the following questions (Table 3). When asked 
what steps of the RARP possibly influence postoperative continence, 16 (94%) re-
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spondents answered ‘management of prostate apex/urethra’ and ‘urethro-vesical 
anastomosis.’  Fourteen (82%) respondents assumed ‘nerve preservation’ to influ-
ence recovery of continence. Twelve (71%) thought that ‘bladder neck dissection’ 
and 15 (88%) thought that ‘urethro-vesical anastomosis’ influences continence. All 
respondents believed ‘neurovascular bundles preservation’ and 14 (82%) believed 
that ‘management of prostate apex/urethra’ influences postoperative erectile function. 
Four (24%) respondents regard ‘bladder neck dissection’ and 11 (65%) regarded 
‘ligation of prostate pedicles’ as important steps in preservation of erectile function. 
Factors regarded as being positively or negatively associated with complications and 
outcomes are represented in table 4.
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Discussion
A survey was performed amongst international RARP surgeons to gain insight into 
the use, extent and possible effect of postoperative results analysis and surgical vid-
eo review in daily clinical practice.

The use of postoperative results analysis and surgical video review 
in daily practice 
Results of this study show both postoperative results analysis and surgical video re-
view are used in the daily practice of most experts surveyed. Most of the respondents 
select cases for video review based on the postoperative results. Those respondents 
who have not yet implemented surgical video review are interested in implementation 
of video review in their practice. Three respondents did not use postoperative results 
analysis or surgical video review in their practice. 

Different strategies of postoperative results analysis and surgical 
video review 
Although the frequency and structure of these meetings vary, results of this study 
show RARP surgeons assume video analysis benefits postoperative results. Most 
RARP surgeons do not use entire videos but only use phases of videos during the 
video review. They edit the video to only show phases that the RARP surgeons feel 
are of interest concerning the outcome of the specific case. During the review meet-
ings in the clinics of the surgeons included in this study, most teams show videos of 
different urologists of their centre whilst discussing data of the patient and surgeon. 
In one clinic, case information is presented without identifying the surgeon. In most 
clinics, feedback on the surgical techniques observed in the videos is given during 
these meetings. 

The use of postoperative results analysis and surgical video review 
in improving daily practice and reduction of complications.
All surgeons included in this study think surgical video review should be implement-
ed not only for trainees but also as a form of self-reflection for established surgeons. 
This is in agreement with the results of our previous publication.1 RARP surgeons 
feel the implementation of postoperative results analysis and surgical video review 
could reduce complications and improve outcomes, this is similar to the results of the 
study by Schlomm et al.8 and Cathcart et al.9 

Multiple RARP surgeons use the postoperative results analysis and surgical video re-
view as a manner to evaluate their surgical results and check the effects of changes 
in surgical approach. Two respondents use a dual console of the robot to perform live 
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reviews of random surgeries as a form of quality assurance. 

Factors of interest in postoperative results analysis and surgical video review related 
to improvement of postoperative functional outcomes and reduction complications

Results of the current study may be compared to the results of an earlier Delphi study 
performed by our group.1 The results of the current study are in contrast to our earlier 
study in which ‘management of prostate apex/urethra’ and ‘nerve preservation’ are 
not mentioned as a factor influencing postoperative urinary continence.1 In both stud-
ies agreement was reached on the role perceived quality of the ‘urethro-vesical anas-
tomosis’ concerning postoperative recovery of urinary continence.1 Goldenberg et al. 
evaluated the influence of surgical skills on functional outcomes using GEARS15, an 
assessment tool scoring surgical performance with a 5-point Likert scale in six do-
mains (perception, dexterity, efficiency, force sensitivity, autonomy, robotic control). 
They found significantly higher GEARS scores for the steps ‘bladder neck dissection’ 
and ‘urethro-vesical anastomosis’ in continent vs... incontinent patients2. 

Factors indicated to influence complications and outcomes by the surgeons in this 
study match the results of our earlier Delphi study in a group of Dutch experts.1 This 
study adds insight into how video review can be used to learn how to influence these 
factors in order to improve outcome. Earlier research by Birkmeyer et al. has shown 
it is possible to use surgical videos to predict complications and postoperative out-
come.6 

A possible influence to the use of postoperative results analysis and surgical vid-
eo review in daily practice not raised by the RARP surgeons could be the new and 
more stringent General Data Protection Regulation (GDPR) in the European Union.16 

Systems should be put in place to assure safe data storage and privacy protection 
of the patient. Further investigation into the influence of the new GDRP on the use of 
postoperative results analysis and surgical video review should be performed. One 
solution is the anonymization of both surgical video and patient data but this makes 
correlation of additional follow-up information to the peri-operative data and the surgi-
cal video impossible. 

Limitations
The relatively low overall response rate (32%) may reflect the interest in this topic in 
the urological field. Whereas the responders were generally positive towards data 
review, the majority of surveyed centers did not respond. If this observation reflects 
reduced time availability for data review this is reason for concern given the positive 
effects of structured data review. The results of this study give the first insights into 
the experienced value of postoperative results analysis and surgical video review in 
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the daily practice of RARP surgeons worldwide and a significant number of urologists 
were invited for the survey.  Although the experts originated from 15 different coun-
tries, the majority of surgeons who completed the questionnaire came from west-
ern European country’s. Although it is possible that we missed urologists who use 
postoperative results analysis and surgical video review, we expect that, since the 
responses of these participants were homogenous, the results in this study represent 
a near complete overview on the topic. Potentially, 63 more respondents could have 
given their insight into video review analysis. Two respondents did not fully answer 
the video review questions. 

Suggestions for future research
Although there is some discrepancy between the results of this study and the results 
of our previous Delphi survey amongst Dutch experts1, the results of the present 
study give additional insights into the acceptance of postoperative results analysis 
and surgical video review amongst European experts in RARP. The level of detail in 
the surgical and anatomical factors indicated by the experts gives more insight into 
which specific factors experts assume to be associated with surgical complications 
and negative functional outcomes. This information can give rise to additional fields 
of research such as the training of artificial intelligence to recognize surgical errors 
and events in order to help in the selection of surgical videos for review. Additionally, 
factors identified by the experts could be used to train human observers or Machine 
learning algorithms to observe and analyse the surgical videos, and to evaluate 
whether the relation between postoperative outcomes and the factors identified by 
the experts could be objectified.  
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Conclusion
The majority of interviewed RARP surgeons have adopted the implementation of 
postoperative results analysis and surgical video review in their daily practice as a 
form of quality assurance and as a form of self-reflection. Since only a minority of 
surgeons responded to the survey this raises concern on the application of data re-
view in daily practice in non-responders. Most of the responding surgeons use edited 
surgical videos during team meetings to discuss RARP cases and gain insights into 
surgical handling and postoperative results. The information provided in this survey 
gives information on the best method of implementation of video review and gives 
rise to additional fields of research on the origins of surgical complications and ad-
verse postoperative functional results. 
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Abstract

Background
Surgical technique in robot assisted radical prostatectomy (RARP) may determine 
in a significant extent the postoperative recovery of urinary continence and erectile 
function. This raises the question whether an experienced urologist can predict these 
functional outcomes based on the observation of the used surgical technique by vid-
eo analysis.

Our research questions are: (1) Are expert surgeons able to predict postoperative uri-
nary continence of RARP by performing surgical video analysis of the nerve sparing 
technique, apical dissection, and construction of the vesico-urethral anastomosis? (2) 
Can results of the templated assessment methods (GEARS, PACE and PROTEST) 
be related to postoperative urinary continence? 

Methods
Two subgroups of patients were selected from an institutional database, the sub-
groups were matched based on their postoperative reported urinary continence levels 
(continency group; continency vs. incontinence).  Surgical skills were measured by 
a single trained assessor using three different templated assessment methods; the 
global evaluative assessment of robotic skill (GEARS), the Prostatectomy Assess-
ment and Competence Evaluation (PACE), and the PROTEST method. As a fourth 
assessment method the videos were analysed by two expert surgeons, and they 
were asked to predict postoperative continence levels in all surgeries. 

Results
The different aspects of GEARS, PACE, and PROTEST methods showed no differ-
ences in the continency and potency groups. Expert 1 was able to correctly assess 
continence in 66.7% (8/12 patients) of the patients. Expert 2 was able to correctly 
assess continence in 33.3% (4/12 patients) of the patients. 

Conclusion
Results of this study show the prediction of continence levels by expert surgeons 
gives insight into peri-operative factors which according to expert opinion influence 
postoperative urinary continence. 
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Introduction
The introduction of laparoscopy and robot assisted laparoscopy facilitates the record-
ing of intra-corporal surgical videos.1,2 Analysis of these videos offers the opportunity 
to gain insight into past performance and review previous adverse postoperative out-
comes to learn for the future.3,4 Effective training and assessment of performance are 
fundamental  ensuring that surgeons reach their intended goal and operate safely.4,5 

Different template-based video assessment methods have been developed in order 
to assess surgical skill in Robot Assisted Radical Prostatectomy (RARP). The Prosta-
tectomy Assessment and Competency Evaluation (PACE) developed by the group of 
Hussein et al.6 has its focus on objective and procedure specific assessment of skills.  
The Global Evaluative Assessment of Robotic Skill (GEARS) method can be used to 
evaluate both live surgeries and videos of (robot assisted) laparoscopic surgery. The 
Generic Error Rating Tool (GERT) can be used to score intra-operative errors made 
by the surgeon. Most of these assessment methods are currently used to assess the 
effectiveness of training (PACE 7) or the basic surgical skill (GEARS/GERT 8). 

Multiple groups are performing different types of analysis into surgical skills in order 
to improve postoperative outcome and reduce complications.9–13 The group of van 
Basten et al. reviews surgical videos in order to learn from past performance  by ex-
pert surgeons as part of their cyclical quality improvement analysis in order to reduce 
complications and improve postoperative outcome11. 

The group of Goldenberg et al. used the GEARS8 assessment method and (generic 
error rating tool) GERT14 to assess specific sections of the RARP in order to evaluate 
if there is a possible correlation between surgical skills and postoperative outcome, 
mainly the early continence after RARP.9 

The group of Hung et al. have used kinematic and events data (automated perfor-
mance metrics) in order to evaluate surgical skills.10,15,16 In a recent study Hung et al. 
used automated performance metrics to train Machine Learning algorithms in order to 
predict clinical outcomes.10 

The PRostatectomy video Observation to Evaluate and Score Technical skill (PRO-
TEST) assessment method was developed by our research group using a Delphi 
method. It can be used to assess both surgical skill and peri-operative events. So, it 
may help individual surgeons to improve their skills.17 The correlation between  the 
different video assessment methods (GEARS/GERT, PACE, and PROTEST) and 
postoperative outcome could give more insight into the possible origins of adverse 
postoperative outcome. 

Moreover, to gain more insight into which aspects of the surgical skills as assessed 
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by the different assessment methods could be related to specific postoperative out-
comes the following research questions will be investigated: (1) Are expert surgeons 
able to predict postoperative urinary continence by performing surgical video analysis 
of the preservation of the neurovascular bundles, apical dissection, and vesico-ure-
thral anastomosis phase of the RARP?  (2) Can aspects of task performance as 
measured by either GEARS, PACE or PROTEST assessment methods be related to 
postoperative urinary continence? These questions will be answered by performing 
an exploratory study. 

Proefschrift 20230318 met bijlagen.indd   232Proefschrift 20230318 met bijlagen.indd   232 30-03-2023   20:2830-03-2023   20:28



 233

Identifying surgical factors predicting postoperative urinary continence in robot-assisted radical pros-
tatectomy

Method

Subject selection
Patients who underwent a robot assisted radical prostatectomy in the Antoni van 
Leeuwenhoek Hospital in Amsterdam between June 2009 and February 2017, the 
Netherlands, were eligible for this study. All of the selected patients were operated 
by the same expert robotic surgeon (HvdP), who had performed over 200 RARP’s 
using the daVinci Si surgical robot by Intuitive in June 2009 and over 1400 RARP’s in 
February 2017.

An initial selection was made based on available Patient-reported outcome measures 
(PROMS) records of the patients. In 227 patient’s complete PROMS data were avail-
able at 6 or 12 months postoperative. Two groups of patients (continency and inconti-
nency) were selected and matched (figure 1).

Figure 1 study design

Power analysis
Since this is a pilot study a power analysis was performed based: on the measures 
from one of the methods (GEARS) used during this study. The sample size analysis 
was based on a publication of Volpe et al.18 in this study both experts and fellows 
were observed during a RARP using the GEARS score in order to determine their 
ability to perform a RARP. The results show a significant higher score for the experts 
compared to the fellows. 
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These results show it is possible to detect a difference in sample means of 2.65 on 
the total GEARS score. 

For this study we assume the GEARS score in the incontinent patients is similar to 
that of a fellow and the GEARS score in the continent patients is similar to that of an 
expert.  Based on a power calculation using .05 as Alpha, a Power of .80, and an 
effect size of 2.65 a sample size of 6 patients per subgroup would be sufficient for the 
main objective of this study.

Selection and Matching
The patients were selected based on the patients’ pre-operative and post-operative 
urinary continence as measured using the International Consultation Incontinence 
Modular Questionnaire-short form (ICIQ-SF-score). The ICIQ-SF is a Patient-re-
ported outcome measures (PROMS) questionnaire which registers the patient’s 
urinary incontinence on three domains, the frequency of urine leakage (0-5 points), 
the amount of leakage according to the patient (0-6 points), and the interference of 
the urine leakage with everyday life (0-10 points). An additional question which asks 
in which situation the urine leaks gives more insight into the type of incontinence. 
The cumulative scores of the three question (0-21 points) represent the patient’s 
experience of urinary incontinence. In this study an ICIQ-SF score of 0 at 6 and 12 
months postoperative was defined as continent, whilst and ICIQ-SF of >10 at 6 and 
12 months postoperative was defined as incontinent. Exclusion criteria were urinary 
incontinence prior to surgery, and surgical procedures where no or incomplete video 
material was available. 

The patients in the continency group were matched according to the date of the 
surgery, the age of the patient, BMI of the patient and the preoperative intentions 
of saving the neurovascular bundles during surgery. All incontinent patients were 
manually compared to the continent patients by the researcher (AB). Based on the 
number of variables in which the pairs matched a matching score of zero to four was 
given to the patients, each matched variable resulted in a point in the total matching 
score. The patients were matched based on age (difference of <5 years = 1 matching 
point), BMI (difference <3 points = 1 matching point), date of the surgery (difference 
<3 months = 1 matching point), and preoperative intentions of saving the neurovas-
cular bundles during surgery on both sides (NVB sparing the same in both patients = 
1 matching point). A matching score of 4 was the best possible match.  Based on the 
matching scores the best matched patient pairs were selected for analysis, since al-
most no perfect matches existed (Appendix 1a). If matched pairs with similar match-
ing scores existed a definitive choice was made based on the variable on which the 
patients matched (appendix 1a). 
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Prediction of continence by the surgeon who performed the surgery 
and the independent expert surgeon
The videos were evaluated by two expert surgeons (the surgeon who performed 
the surgery (HvdP, self-assessment, hereafter called Expert 1) and an independent 
expert in RARP (JPvB, expert assessment, hereafter called Expert 2)). The experts 
were blinded for the patients’ postoperative status and were asked to evaluate all pro-

Figure 2 overview of the video analysis software Digital Video Coach.

cedures. The predictions were performed on the prostate apical dissection phase and 
vesico-urethral anastomosis phase of the RARP procedure for continency prediction, 
and neurovascular bundle dissection for potency prediction. The experts were asked 
to predict the likely postoperative outcome of the patient in absolute terms of conti-
nency/incontinence. Additional information concerning the basis of this prediction was 
asked during analysis of the surgical video. After prediction the results of the experts 
were compared with the postoperative status of the patients. 

Figure 3 overview of the labels used in the PROTEST analysis using software Digital Video Coach

Surgical skills analysis using different methods of video assess-
ment templates.
Surgical videos were analysed by a single rater (AB) with training in surgical video 
analysis and expertise of the surgical procedure. This rater performed the surgical 
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video analysis using GEARS, PACE and PROTEST. Since we did not expect any 
sequence effects due to the differences in focus in the assessment methods no coun-
terbalancing or randomisation of assessment methods was performed. 

1. Videos were evaluated using the Global Evaluative Assessment of Robotic Skill 
(GEARS).8 The focus of the GEARS assessment method lies on general robot sur-
gical principals, i.e. depth perception, bi-manual dexterity, efficiency, force sensitiv-
ity, autonomy, and robotic control.8 The GEARS assessment method is scored on 
5 aspects of surgical skills (Depth perception, Bi-manual dexterity, Efficiency, Force 
sensitivity, Robotic control) using a 5-point Likert scale; minimum score is 5 the maxi-
mum score is 25. 

2. Videos were evaluated using the Prostatectomy Assessment and Competence 
Evaluation (PACE).6 The PACE assessment method focusses on surgical skills using 
specified steps of the RARP procedure. This method is mainly used to define deficits 
in the surgeon’s skills in order to provide surgeon specific training to improve surgi-
cal skill. The PACE assessment method consists of assessment of six domains with 
10 sub-domains which are scored on 5-point Likert scales; minimum score is 10 the 
maximum score is 50. 

3.  Videos were evaluated using the PRostatectomy video Observation to Evaluate 
and Score Technical skill (PROTEST) Assessment method developed by this re-
search group.17 The PROTEST assessment method  gives detailed insight into the 
proficiency of the surgeon on each of the individual surgical steps of the RARP. It 
combines the answers to two general subjective questions with multiple objective 
measurements in order to provide detailed feedback to the surgeon.

The process of surgical video analysis 
The surgical video was assessed in two phases, first the PROTEST assessment 
was performed for the entire surgical video using customizable video analysis soft-
ware “digital Video Coach” developed by ZEAL IT (figure 2). Secondly the PACE and 
GEARS assessments were performed simultaneously by reviewing the surgical video 
in a normal media player. The GEARS score was calculated for the entire surgery. 

The video analysis software “Digital Video Coach” made it possible to measure the 
length of the phases of the surgery and the length of the different peri-operative 
events.  Two sets of labels were created in order to define the different phases of 
the surgery and the different peri-operative events. The selection of one of the la-
bels automatically marked the time code corresponding to the moment the label was 
pressed. This made it possible to measure the duration of the phases and peri-oper-
ative events. The labels used for this analysis are given in figure 3. The steps cor-
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respond to the different steps in the PROTEST assessment method17. The second 
category encompassed peri-operative events which could be related to postoperative 
outcomes. These events were defined in the PROTEST Assessment method.17 

Data analysis 
Data analysis was performed using SPSS statistics v24 (IBM, NY). Frequency sta-
tistics were calculated for patient demographic data and surgeon scores. Correlation 
between observed scores on the one hand and postoperative functional outcome 
on the other hand were calculated using a Spearman Rho test. Odds ratios (OR) 
and 95% confidence intervals (CIs) were calculated. The Wilcoxon signed-rank test 
was used to compare differences in results between the matched patient groups. 
The McNemar’s test was used in order to compare differences in results between 
the matched patient groups in case of dichotomous variables. The predictions by the 
experts were correlated with the postoperative status of the patients using a crosstab, 
to determine any significant correlations between variables the Pearson chi square 
or fishers’ exact tests were used. Inter-observer agreement was calculated using 
Cohen’s kappa, which was interpreted using the guidelines from Landis & Koch19,20. 
Statistical significance was set at p <.05 based on a two-tailed comparison. 

Due to the retrospective nature of the study, participants were not subjected to any 
study treatments or actions. Surgical videos and medical information used were 
registered as standard of care in the patients’ medical file. Therefore, the Medical 
Research Involving Human Subjects Act does not apply and no informed consent 
was obtained. However, during the screening of patients, the medical records will be 
carefully checked for objection to medical research. This study was granted approval 
from the institutional medical committee. 
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Results
In the continence group 191 of the 227 patients were eligible for inclusion. Based on 
selection criteria 79 patients were included in the continent subgroup, 10 patients in 
the incontinent subgroup.

Matching and selection 
Based on the matching criteria for the continency group the 10 incontinent patients 
were manually matched with the 79 continent patients. Based on the power calcula-
tion 6 pairs were selected based on the date of the surgery, BMI, age, and preopera-
tive intention of saving the neurovascular bundles during surgery on both sides (see 
appendix 1).  A total of 12 individual patients were selected for analysis. 

Table 1: Baseline characteristics of the selected patients

Characteristics Postoperative incon-

tinent patients (n=6) 

Median (min - max)

Postoperative continent 

patients (n=6) Median 

(min - max)

P-value Z-Value

Age (years) 64 (57 - 67) 62.5 (53 - 66) 0.674 -0.420
Body Mass Index (kg/

m2)

26.86 (20.45 – 32.55) 25.99 (22.50 – 32.11) 0.917 -0.105

Prostate size (ml) 50 (39 - 81) 38 (35 - 82) 0.225 -1.214
Gleason score 7 (6 - 8) 6 (6 - 7) 0.157 -1.414
Membranous urethral 

length (mm)

11.07 (8.69 – 13.10) 13.58 (10.48 – 16.15) 0.273 -1.095

Surgery date, median 

(IQR)

15-02-2014 (02-02-

2013 – 15-03-2015)

27-04-2014 (06-12-2012 

– 29-01-2015

0.600 -0.524

Preoperative IPSS score 3 (0 - 7) 2.5 (0 – 8.5) 0.892 -0.135
6 months postoperative 

IPSS score

15 (0 - 19) 3 (0 - 5) 0.042 -2.032

12 months postoperative 

IPSS score

10 (6 - 16) 2 (0 - 5) 0.043 -2.023

Preoperative ICIQ score 0 (0 - 0) 0 (0 - 0) 1.000 0.000
6 months ICIQ score 15 (11 - 20) 0 (0 - 0) 0.027 -2.207
12 months ICIQ score 14 (12 - 17) 0 (0 - 0) 0.026 -2.232

Baseline characteristics
When comparing the 6 and 12 months postoperative IPSS scores, postoperative 
ICIQ scores, and postoperative EORTC QLQ-PR25 scores, the continent subgroup 
had significantly lower IPSS scores, ICIQ scores, and EORTC QLQ-PR25 scores 
than the incontinent subgroup (Table 1). 
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Prediction of continence by the surgeon who performed the surgery 
and the independent expert surgeon
The predictions of both Expert 1 and Expert 2 were related to the actual patient out-
comes for continence.  This analysis has been performed for the 12 patients select-
ed. Figure 4a shows a picture of the urethral stump of a continent patient, figure 4b 

a b

Figure 4 (a) picture of the urethral stump of a continent patient (patient # 35) which both experts 
judged as continent. (b) shows the urethral stump of an incontinent patient which expert 1 judged as 
incontinent and expert 2 judged as continent (patient # 82).

Table 2: Results of the video evaluation by two experts in the field of RARP, presenting the prediction 
of continence based on apical dissection and urethero-vesical anastomosis. P-value calculated using 
Fisher’s Exact Test.

Patients included,, n=12 (%) P-value
Expert 1 correct assessment 8 (66.7) 0.048
Expert 1: undetermined 3 (25.0)
Expert 2: correct assessment 4 (33.3) 1.000
Expert 2: undetermined 3 (25.0)

shows the urethral stump of an incontinent patient. 

The results in table 2 show the results of the analysis of continence group.  These 
results show Expert 1 was able to correctly predict the postoperative continence in 
88.9% (8 out of 12 patients (p-value = .048)) of the patients. Expert 1 was undeter-
mined in case of three patients. 

Expert 2 was able to correctly predict the postoperative continence in 33.3 % (4 out 
of 12 patients) of the patients. Expert 2 was undetermined about three patients. For 
the continency group, Cohens Kappa level of inter-observer agreement on predicted 
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continence between Expert 1 and Expert 2 was slight at .087

Factors predicting continency and potency according to the analy-
sis of two expert surgeons
The experts predicted the expected continency in all patients. They were able to 
identify some factors in patients which they felt had an influence on continence of the 
patients. 

In case of continence the length and thickness of the urethral stump (a longer and 
wider stump predicted better continency according to the experts), level of coagula-
tion during the apical dissection (more coagulation predicted less continency accord-
ing to the experts), and bladder neck preservation/reconstruction were mentioned 
as factors influencing the level of postoperative continence in patients (appendix 2). 
The presence of a short urethral stump was mentioned in most patients in which the 
experts were undetermined.

Surgical skills analysis using different methods of video assess-
ment templates.
The GEARS, PACE and PROTEST assessment methods were used to determine 
whether aspects of task performance as measured by either assessment templates 
can be related to postoperative outcomes. 

Using the GEARS Assessment method aspects of depth perception, bi-manual dex-
terity, efficiency, force sensitivity, autonomy and robotic control were assessed. The 
results of the comparison between incontinent and continent patients (continency 
group) can be found in supplementary data 1, no significant differences in the as-
pects of the GEARS assessment method were found. 

The results of the PACE assessment are shown in supplementary data 2. No signifi-
cant differences between groups in PACE scores were found.  

The results of the general aspects of the PROTEST assessment method showed 
no significant differences between continency group (supplementary data 3a).  The 
results of the in-depth analysis of different phases of the surgery according to the 
PROTEST assessment method for continency group can be found in supplementary 
data 3b, in these results no significant differences were found between incontinent 
and continent patients.  
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Discussion
In this study we investigated whether the assessment of surgical videos is useful to 
predict functional outcomes after prostatectomy. Existing scoring methods were com-
pared to expert surgeons’ opinion by video-analysis of RARP surgeries of the pros-
tate apical dissection phase, and vesico-urethral anastomosis phase and assessment 
of the neurovascular bundles? 

Are expert surgeons able to predict postoperative functional out-
comes by performing surgical video analysis?  
This study shows both experts were able to predict potency in most patients. Expert 
1 was able to predict the postoperative continence status in 66.7% of the patients. 
This is represented in the almost perfect level of agreement between the postopera-
tive status and the results of Expert 1. Expert 2 was able to predict the postoperative 
continence status in 33.3% of the patients. Especially the prediction of incontinence 
in patients seemed more difficult for Expert 2.  The self-assessment of Expert 1 and 
independent assessment of Expert 2 reached a slight level of agreement between 
their assessments.  

In case of continency both experts agree a good length and thickness of the urethral 
stump could be associated with increased chances of continence. Although the in-
fluence of the urethral length on postoperative continence has been reported in both 
MRI and pathological studies 21–24 this relation has not yet been investigated using 
surgical video assessment. 

In addition, Expert 2 felt the use of thermal dissection during the dissection of the ure-
thra could negatively influence the continence of patients. Expert 1 focussed more on 
the level of bladder neck preservation and/or reconstruction in patients, a narrower 
bladder neck/bladder neck reconstruction prior to anastomosis could be associated 
with higher incidences of continence.  

The fact that Expert 1 was better able to correctly predict both incontinence and con-
tinence in patients could be due to the fact that this type of assessment is a type of 
self-assessment, although the most recent surgery was of July 2016 (with an average 
of 200 surgery’s per year), Expert 1 could recognise some surgical techniques which 
could help him in predicting the continence status of the patients. Another reason for 
the success of Expert 1 could be due to the fact that he looked at different peri-op-
erative factors than expert 2.  This could indicate a higher influence of a narrower 
bladder neck/bladder neck reconstruction25,26 on the level of continence compared to 
the influence of thermal dissection during the dissection of the urethra. It is difficult to 
prove this statement based on the results of this study due the small size of the study 
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population.

The comments from the experts to the relatively accurate prediction of continence 
outcome learned that urethral length and urethra thickness were considered when 
continence was scored by experts.  Urethral sphincter length as assessed by MUL 
assessed on MRI and in the removed prostate specimens was found a strong predic-
tor of post-prostatectomy continence21–23. Therefore, objectively measuring intra-oper-
ative urethra stump length may improve prediction and is subject of further study. The 
results of  these assessment methods combined with intra-operative measurements 
and automated performance metrics analysis developed by Hung et.al.10 could be 
used to improve surgeons’ skills and improve the patient’s postoperative outcome. 
A combination of patient and surgeon data could be used to develop a personalized 
prediction model for both continence and potency after RARP. 

The group of Stern et.al. have performed a study into a single surgeon’s prediction 
of continence based on the quality of bladder neck preservation, cavernous nerve 
sparing, urethral length, quality of anastomosis, striated sphincter thickness, quality 
of posterior reconstruction, and quality of bladder neck plication stitch.27 The surgeon 
was asked to score each factor directly after the surgery with either the verdict “bad”, 
“average” or “good”. They did not find any correlation between the investigated fac-
tors and postoperative continence. Since the assessment of the surgeon was directly 
postoperative and not based on the revision of the surgical video the verdict of the 
surgeon could have been influenced by other factors, for example, distracting factors 
in the operating room, rather than solely the factors analysed during the surgery. 

Surgical video assessment templates
The second objective of this study was to investigate whether results of the GEARS, 
PACE and PROTEST assessment methods could be related to postoperative out-
come defined as continence and erectile function. Although the GEARS, PACE, and 
PROTEST analysis can be used to assess surgical skills, results showed no signifi-
cant difference between the incontinent and continent patients nor between impotent 
and potent patients. The factors assessed by the experts are not included in either 
templated assessment method, addition of factors in the templated assessment 
methods such as assessment of the urethral length could increase their use in the 
prediction of postoperative outcome.

Although the results of this study do not show it, the factors analysed in the differ-
ent assessment methods have been found to be of influence in other studies in the 
origins of poor postoperative outcome. The group of Goldenberg et al. have reported 
the mean overall GEARS scores as an independent predictor of postoperative conti-
nence in 47 patients (24 incontinent vs. 23 continent).9 A possible explanation for the 
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fact that our study did not show this difference is the sample size. It is possible further 
research in larger groups of patients could give more insight into the relation between 
the different factors of the assessment methods and postoperative outcomes. 

Limitations
Our study is a retrospective study in which patients of a single surgeon were ana-
lysed. The sample size was based on the difference between novice and expert sur-
geon, since in this study the comparison was made in one expert surgeon the sample 
size might be to small. We tried to reduce the influence of selection bias by matching 
the patient subgroups. Since no perfect matches existed in the continency group best 
alternatives were sought. . 

Since the experts had different focus points during the assessment of the videos (i.e. 
the influence of bladder neck vs. coagulation of the urethra) it remains difficult to say 
if the differences in outcomes are related to the field of interest of the experts.  Anoth-
er explanation of the difference could lie in the fact that expert 1 is the surgeon who 
performed the surgery, it could be that since he is more familiar with his own tech-
niques and outcomes and could there for assess the patient’s postoperative status 
more accurately. Although we did not expect any sequence effects in the templated 
assessments of the surgical videos, the results could have been influenced by the 
sequence of assessment. 
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Conclusion 
Both experts were able to accurately predict postoperative potency based on the 
surgical videos. One of the experts was able to correctly predict continence.  Further 
research into the use of objective measurements in surgical video analysis could 
clarify the relation between the factors identified by experts and postoperative conti-
nence status.  Although in this study the use of template-based video assessment did 
not reveal any factors related to postoperative outcome, the results could be used to 
improve surgeons’ skills since these assessment methods give a detailed overview of 
the surgeon’s performance which is important in both novice and expert surgeons.
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Appendix

Appendix 1 matching scores per pair of patients. 
The patients were matched based on age (difference of < 5 years = 1 matching point), BMI (differ-
ence <3 points = 1 matching point), date of the surgery (difference <90 days = 1 matching point), 
and preoperative intentions of saving the neurovascular bundles during surgery on both sides (NVB 
sparing the same in bot patients = 1 matching point). 

Study # incontinent

Study # continent pair

D
ifference O

R
 date 

(days)

M
atch point O

R
 date 

D
ifference BM

I (points)

M
atch point BM

I

D
ifference age (years)

M
atch point age

D
ifference N

VB 

M
atch point N

VB

Total score m
atch point

M
atched pair selected 

(yes/N
o)

82 84 38 1 1.20 1 3 1 None 1 4 Y

212 213 1 1 2.05 1 3 1 None 1 4 Y

140 143 42 1 1.45 1 13 0 None 1 3 Y

167 153 89 1 0.59 1 4 1 None 1 3 Y

116 107 90 1 0.44 1 7 0 None 1 3 Y

147 155 130 0 1.42 1 1 1 None 1 3 Y

128 129 7 1 1.23 1 1 1 None 1 4 N

136 141 50 1 0.15 1 10 0 None 1 3 N

140 155 203 0 0.88 1 7 0 None 1 2 N

32 30 2 1 0.13 1 13 0 None 1 3 N

200 178 276 0 0.02 1 2 1 None 1 3 N

116 121 49 1 5.13 0 0 1 None 1 3 N

A total 12 possible match pairs were identified for the 10 incontinent patients. The match pairs 82/84, 
128/129, and 212/213 were chosen because of their maximum match score of 4. During review the 
video of patient 129 did not work, this was a reason to exclude this matched pair and replace it with 
another matched pair. Individual patients were part of multiple matched pairs in case of five matched 
pairs (147/155, 140/155, 140/143 and 116/121, 116/107). Of these matched pairs 140/155 was not 
chosen because match pair 140/143 matched better on date of the surgery which reduces the in-
fluence of the learning curve on the postoperative results. Match pair 147/155 was chosen because 
there is a shorter interval between dates of the surgery compared to 140/155. Match pair 116/121 
was not chosen because match pair 116/107 matched similar on date of the surgery and better on 
BMI of the patient which could reduce the influence of BMI on the postoperative results. The match 
pairs 140/143, 167/153, and 116/107 were chosen because they matched on the date of the surgery 
and BMI. Match pair 200/178 was not chosen because of the large interval between dates of the sur-

gery which could increase the influence of the learning curve on the postoperative results. 
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Appendix 2 assessment of continency per patient with factors pre-
dicting continency according to the analysis of two expert surgeons

Pt. ID
.

G
roup

Post-op continence

Expert 1 continence

Expert 2 continence

Expert 1 factors Expert 2 factors

Stum
p thickness

Stum
p length

Bladder neck

Additional com
m

ents

Stum
p thickness

Stum
p length

Bladder neck

Additional com
m

ents

82 1 I I C Short Wide 

bladder 

necks no 

recon-

struction

Thick

84 1 C C C Thick short Good Good Good 

anastomo-

sis
107 1 C U C short Thin Suffi-

cient
116 1 I U C short small 

bladder 

neck

Thick

140 1 I I C rea-

sona-

ble

rea-

sona-

ble

Thick Poor vis-

ualisation 

due to 

bleeding

143 1 C U U short Short

147 1 I I U thick short Wide, 

multiple 

anasto-

mosis 

stitches, 

no recon-

struction

Thick Short
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153 1 C C I rea-

sona-

ble 

rea-

sona-

ble 

narrow 

bladder 

neck

Extensive 

coagula-

tion
155 1 C C C medi-

um 

medi-

um 

Fair Short

167 1 I C C thick short BN pres-

ervation

Short

212 1 C C U normal Nor-

mal

Short

213 1 I I I short median 

fibrous 

raphe 

recon-

struc-

tion

Extensive 

coagula-

tion

C = Continent, I = Incontinent, U = Undetermined
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Abstract

Background
Surgical technique in robot assisted radical prostatectomy (RARP) may determine in 
a significant extent the postoperative recovery of erectile function. 

Our research questions are: (1) Are expert surgeons able to predict postoperative 
potency after RARP by performing surgical video analysis? (2) Can results of the 
templated assessment methods (Global Evaluative Assessment of Robotic Skills 
(GEARS), Prostatectomy Assessment and Competence (PACE) and PRostatectomy 
video Observation to Evaluate and Score Technical skill  (PROTEST)) be related to 
postoperative potency levels? 

Methods
Patients were selected and matched based on their reported potency.  Surgical skills 
were measured by a single trained assessor using the GEARS, PACE, and the PRO-
TEST method. In addition, two expert surgeons (Expert 1 and 2) predicted postopera-
tive potency levels of the patient.

Results
Assessment of the surgical videos by the trained assessor using the GEARS, PACE, 
and PROTEST methods showed no differences in results between the potency 
groups. Expert 1 correctly assessed potency in 83.3% (10/12 patients) of the pa-
tients. Expert 2 correctly assessed potency in 58.3% (7/12 patients) of the patients. 

Conclusion
The results of this study show expert analysis gives insight into perioperative factors 
which influence postoperative functional results. Although the same factors were 
used by the experts to predict the postoperative status of the patient the variance in 
the interpretation of these factors show there is a need for objective measurements in 
surgical video analysis in order to clarify the influence of the factors identified by the 
experts on the patient’s postoperative potency status.  
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Introduction
Healthcare is constantly moving towards improvement in the quality of care and 
safety for patients. Increasing attention is being paid to the relocation of complex 
treatments to high-volume centres, as it is expected to improve the quality of care 
and increase patient safety due to the increased exposure of surgeons and staff.1–3 In 
the Netherlands, a move to high-volume centres has been seen in some specialties, 
including Urology.4 The Dutch Society of Urology (NVU) has, in a bid to improve func-
tional results and reduce complications, decided to increase the minimal number of 
robot-assisted radical prostatectomy (RARP) surgeries per hospital from 50 surgeries 
a year to 100 surgeries a year. The question remains whether the higher number of 
surgeries per hospital or the quality of the surgeon influences outcome, since there 
are large variations in postoperative complication rates amongst surgeons with simi-
lar surgical volumes per centre5 or even in the same centre.6

The RARP is a complex but highly standardized procedure performed to cure lo-
calized prostate cancer. In the Netherlands, about 2500 men every year undergo 
surgical removal of the prostate to prevent progression of the disease. More than 
90% of the prostatectomies in the Netherlands are performed with the surgical robot, 
and worldwide, the prostatectomy is the most performed procedure with the surgi-
cal robot. However, RARP is hampered by serious side-effects7–9 that have a large 
influence on the quality of life of those affected, such as urinary incontinence, which 
is present in 26% of the patients10 and erectile dysfunction in 14–90% of the pa-
tients.11,12 

During RARP, as in all endoscopic procedures, the intracorporal surgical video can 
be recorded.13,14 These surgical videos can be analysed in order to gain insight into 
past performance and review previous procedures with adverse postoperative out-
comes to learn for the future.15–18 Systematic evaluation of skills through the analysis 
of recorded surgical videos is believed to give more insight into the surgeons skills 
than a quota alone.15,16,18 Research has shown these results can be related to postop-
erative outcomes.15,18,19 The assessment of videos recorded during RARP might help 
in evaluating the surgical steps that are potentially linked to aspects of postoperative 
outcomes, such as surgical complications or functional outcomes (urinary inconti-
nence and erectile dysfunction). 

In order to standardize surgical skills assessment using video analysis, multiple 
templates have been developed by different research groups.20–23 The correlation 
between these different video assessment methods and postoperative outcomes has 
been sparsely investigated. In a recent study, Goldenberg et al. found a correlation 
between the results of the Global Evaluative Assessment of Robotic Skills (GEARS) 

Proefschrift 20230318 met bijlagen.indd   255Proefschrift 20230318 met bijlagen.indd   255 30-03-2023   20:2830-03-2023   20:28



256

Chapter 10

method and early continence after RARP.19 Additional studies using different assess-
ment methods could give more insight into the use of these templated assessment 
methods in order to find the possible origins of adverse postoperative outcomes. 

Review of surgical videos has been used by surgeons to learn from past performance 
and by expert surgeons as part of their cyclical quality improvement analysis in or-
der to reduce complications and improve postoperative outcomes.17,24 Although the 
effects of these structured surgical video reviews seem promising, it remains unclear 
if experts are able to predict the postoperative potency status of a patient, as well 
as identify factors involved in the postoperative potency status of a patient based on 
the surgical video analysis. Stern et al. performed a study asking the surgeon at the 
end of the RARP to predict long-term postoperative continence of the patients.25 The 
results showed the surgeon was unable to predict postoperative continence. Since 
the prediction by the surgeon was done directly postoperative and not based on the 
revision of the surgical video, the verdict of the surgeon could have been influenced 
by other factors, for example, distracting factors in the operating room, rather than 
solely the factors analysed during the surgery. 

The following research questions will be investigated to gain more insight into the 
ability of surgeons to predict postoperative outcomes and to investigate which factors 
could be related to specific postoperative outcomes: 

1. Are expert surgeons able to predict postoperative potency by performing surgical 
video analysis of the preservation of the neurovascular bundles (NVBs), apical 
dissection, and vesicourethral anastomosis phase of the RARP? 

2. Can aspects of surgical skills as measured by either the (Global Evaluative 
Assessment of Robotic Skills (GEARS) , Prostatectomy Assessment and Com-
petence (PACE) and PRostatectomy video Observation to Evaluate and Score 
Technical skill  (PROTEST) method be related to outcomes regarding erectile 
function?

These questions will be answered by performing an exploratory study. 

Proefschrift 20230318 met bijlagen.indd   256Proefschrift 20230318 met bijlagen.indd   256 30-03-2023   20:2830-03-2023   20:28



 257

Identifying surgical factors predicting postoperative potency in robot-assisted radical prostatectomy

Method

Subject selection and Matching
Patients who underwent a RARP in the Antoni van Leeuwenhoek Hospital in Am-
sterdam, the Netherlands, between June 2009 and February 2017 were eligible for 
this study. All of the selected patients were operated on by the same expert robotic 
surgeon (HvdP), who had performed over 200 RARPs using the daVinci Si surgical 
robot by Intuitive in June 2009 and over 1400 RARPs in February 2017.

The groups were selected based on the patient’s preoperative and postoperative 
potency as measured using the Potency area of the International Index of Potency 
Questionnaire (IIEF-EF- score). The IIEF-EF is a patient-reported outcome measure 
(PROM) questionnaire that registers the patient’s erectile function over the last 4 
weeks by asking six questions: 

(i) How often were you able to get an erection during sexual activity? (0–5 points) 

(ii) When you had erections with sexual stimulation, how often were your erec-
tions hard enough for penetration? (0–5 points)

(iii) When you attempted intercourse, how often were you able to penetrate (enter) 
your partner? (0–5 points)

(iv) During sexual intercourse, how often were you able to maintain your erection 
after you had penetrated (entered) your partner? (0–5 points)

(v) During sexual intercourse, how difficult was it to maintain your erection to com-
pletion of intercourse? (0–5 points)

(vi) How do you rate your confidence that you could get and keep an erection? 
(0–5 points)

The cumulative score of the six questions (0–30 points) represents the patient’s 
experience of potency. In this study, an IIEF-EF score < 19 at 6 and 12 months after 
surgery was defined as impotent, whilst an IIEF-EF score of > 20 at 6 and 12 months 
after surgery was defined as potent. Exclusion criteria were suffering from potency 
complaints prior to surgery (IIEF-EF score > 20), and surgical procedures where 
no or incomplete video material was available. In 227 patients, a surgical video and 
complete PROM data were available at 6 or 12 months after surgery. Two groups 
(potent and impotent) were selected and matched (Fig. 1).

The patients in the potent group were matched according to preoperative factors, 
which in the literature have been shown to influence the chances of the patient’s 
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postoperative potency in order to reduce the influence of these factors on the postop-
erative status of the patients.26–28 The matching factors include the date of the surgery 
(the learning curve of the surgeon has been shown to influence chances of postop-
erative potency26), the age of the patient (shown to influence the chances of postop-
erative potency27,28), body mass index (BMI) of the patient (shown to influence the 
chances of postoperative potency27,28), and the preoperative intentions of saving the 
NVBs during surgery (shown to influence the chances of postoperative potency27). 

All potent patients were manually compared to the impotent patients. Based on the 
number of variables in which the pairs matched a matching score of 0 to 4 was given 
to the patients, and each matched variable resulted in a point in the total matching 
score. The patients were matched in the same manner as in the selection of the 
continency-group (based on age, difference < 5 years = 1 matching point), BMI (dif-
ference < 3 points = 1 matching point), date of the surgery (difference < 3 months = 
1 matching point), and preoperative intention of saving the NVBs during surgery on 
both sides sparing the same in both patients = 1 matching point). A matching score 
of 4 was the best possible match. Based on the matching scores, the best matched 
patient pairs were selected for analysis, since almost no perfect matches existed (Ap-
pendix A). If matched pairs with similar matching scores existed, a definitive choice 
was made based on the variable on which the patients matched (Appendix A).

Power analysis
Since this is a pilot study, a power analysis was performed based on the measures 
from one of the methods (GEARS) used during this study. The sample size analysis 

Figure 1 study design
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was based on a publication by Volpe et al.29 In this study, both experts and fellows 
were observed during a RARP using the GEARS score in order to determine their 
ability to perform a RARP. The results showed a significant higher score for the ex-
perts compared to the fellows. These results show it is possible to detect a difference 
in sample means of 2.65 on the total GEARS score (range 6–30). For this study, we 
assume the GEARS scores in the incontinent patients are similar to that of a fel-
low, and the GEARS scores in the continent patients are similar to that of an expert. 
Based on a power calculation using 0.05 as alpha, a power of 0.80, and an effect 
size of 2.65, a sample size of 6 patients per subgroup would be sufficient for the main 
objective of this study.

Prediction of continence by the surgeon who performed the surgery 
and the independent expert surgeon
The surgical videos were evaluated by two expert surgeons (the surgeon who per-
formed the surgery (HvdP, self-assessment, hereafter called Expert 1) and an inde-
pendent expert in RARP (JPvB, expert assessment, hereafter called Expert 2). The 
experts were asked to base their predictions on the prostate apical dissection phase, 
vesicourethral anastomosis phase, and NVB dissection of the RARP procedure. The 
entirety of the surgical videos were provided to the experts. The experts were blinded 
to the postoperative status of patients. The experts were asked to predict the likely 
postoperative outcome of the patient in absolute terms of potency/impotency or unde-
termined. The experts were asked to describe the factors on which they based their 
predictions during analysis of the surgical video. After prediction, the results of the 
experts were compared with the postoperative status of the patients.

The video assessment templates used for Surgical skills analysis. 
Surgical videos were analysed by a single rater (AB) with training in surgical video 
analysis and expertise of the surgical procedure. This rater performed the surgi-
cal video analysis using GEARS, PACE and PROTEST methods. Since we did not 
expect any sequence effects due to the differences in focus in the assessment meth-
ods, no counterbalancing or randomization of assessment methods was performed. 
The rater was blinded to the postoperative status of the patients. The surgical video 
analysis was performed by watching the video and completing the different templated 
assessment methods. The surgical videos were watched a total of three times, since 
only one templated assessment method was assessed each time the video was 
watched. The assessment methods used during this study are described below:

(i) The GEARS.21 The focus of the GEARS method lies in general robot surgi-
cal principals (i.e., depth perception, bimanual dexterity, efficiency, force sensitivity, 
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autonomy, and robotic control).21 The GEARS method is scored on five aspects of 
surgical skills (depth perception, bimanual dexterity, efficiency, force sensitivity, and 
robotic control) using a 5-point Likert scale; the minimum score is 5, while the maxi-
mum score is 25. The GEARS score was calculated for the entire surgery. The score 
represents the surgeon’s mastery of and surgical skills on the surgical robot.

(ii) The Prostatectomy Assessment and Competence Evaluation (PACE).23 The 
PACE method focuses on surgical skills using specified steps of the RARP proce-
dure. This method is mainly used to define deficits in the surgeon’s skills in order to 
provide surgeon-specific training to improve surgical skill. The PACE method consists 
of an assessment of 10 subdomains divided over six domains, which are scored on 
5-point Likert scales; the minimum score is 10, while the maximum score is 50. 

(iii) The PRostatectomy video Observation To Evaluate and Score Technical skill 
(PROTEST) method was developed by this research group.22 The PROTEST meth-
od gives detailed insight into the proficiency of the surgeon on each of the individual 
surgical steps of the RARP. This assessment method consists of two general subjec-
tive questions, multiple objective measurements, and 11 surgery-specific questions in 
order to provide detailed feedback to the surgeon. The two general subjective ques-
tions provide an assessment of the coordination and accuracy of the surgeon. These 
questions are scored on 5-point Likert scales, with the minimum score per phase 
being 2 and the maximum score being 10. Per surgery, the minimum score is 14, 
while the maximum score is 70. 

The objective measurements consist of the total duration of a phase, the instances 
and total duration of bleeding during a phase, the instances and total duration of co-
agulation during a phase, the instances and total duration of suturing during a phase, 
and the instances and total duration of camera removal during a phase. In addition, 
the rater was able to record comments and or events that were remarkable during the 
phase. 

The 11 surgery-specific questions consist of 10 Yes/No questions and one counting 
question. These questions focus on if some technical aspects of the surgery were 
either visible or performed during this specific surgery. The following subjects were 
covered in this part of the assessment method:

(i) Was bladder neck preservation attempted (Y/N)? 

(ii) Were both ureteral orifices in sight during preparation of the bladder neck? 
(Y/N) 

(iii) Was the capsule damaged during nerve-sparing? (Y/N)

(iv) Was there a tear in the vesiculae during preparation? (Y/N)
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(v) Was diathermy used during transection of the plexus of Santorini? (Y/N) 

(vi) Was diathermy used during transection of the urethra? (Y/N) 

(vii)  Was the colliculus in sight during transection of the urethra? (Y/N)

(viii) Was a bladder neck reconstruction performed? (Y/N)

(ix) Was the Rocco stitch (median fibrous raphe) reconstruction used? (Y/N)

(x) Was a barbed suture used for the bladder/urethra anastomosis? (Y/N) 

(xi) How many stitch throws were used in the anastomosis? (n)

The procedure for surgical video analysis.
The surgical video was assessed in three phases. First, the GEARS assessment was 
performed on all surgical videos by reviewing the surgical video in a normal media 
player. Second, the PACE assessment was performed on all surgical videos. For this 
assessment, the video was also shown using a normal media player. For both the 
GEARS and PACE assessment methods, the video was run at normal speed, and 
the assessment templates were filled in by hand by the rater (AB). Third, the PRO-
TEST assessment was performed for the entire surgical video using customizable 
video analysis software “digital Video Coach” developed by ZEAL IT (Eindhoven, The 
Netherlands) (Fig. 2). The surgical video was assessed at 50% of the normal speed, 
since this is a more detailed assessment and running the video at normal speed 
proved to be too quick for the assessment. 

TThe video analysis software “Digital Video Coach” made it possible to measure 
the length of the phases of the surgery and the length of the different perioperative 
events. Two sets of labels were created in order to define the different phases of 

Figure 2 overview of the video analysis software Digital Video Coach.
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the surgery and the different perioperative events. The selection of one of the labels 
automatically marked the time code corresponding to the moment the label was 
pressed. This made it possible to measure the duration of the phases and periop-
erative events. The labels used for this analysis are given in Fig. 3. The steps cor-
respond to the different steps in the PROTEST assessment method.22 The second 
category encompassed perioperative events that could be related to postoperative 
outcomes. These events were defined in the PROTEST assessment method.22

Data analysis 
Data analysis was performed using SPSS statistics v24 (IBM, NY). Frequency sta-
tistics were calculated for patient demographic data and surgeon scores. Correlation 
between observed scores on the one hand and postoperative functional outcome 
on the other hand were calculated using a Spearman Rho test. Odd ratios (OR) and 
95% confidence intervals (CIs) were calculated. The Wilcoxon signed-rank test was 
used to compare differences in results between the matched patient groups. McNe-
mar’s test was used in order to compare differences in results between the matched 
patient groups in case of dichotomous variables. The predictions by the experts were 
correlated with the postoperative status of the patients using a crosstab. To deter-
mine any significant correlations between variables, Pearson’s chi square or Fisher’s 
exact tests were used. Interobserver agreement was calculated using Cohen’s kap-
pa, which was interpreted using the guidelines from Landis and Koch30,31. Statistical 
significance was set at p < 0.05 based on a two-tailed comparison. 

Due to the retrospective nature of the study, participants were not subjected to any 
study treatments or actions. Surgical videos and medical information used were 
registered as the standard of care in the medical files of the patients. Therefore, the 
Medical Research Involving Human Subjects Act does not apply, and no informed 
consent was obtained. However, during the screening of patients, the medical re-
cords were carefully checked for objection to medical research. This study was grant-
ed approval from the institutional medical committee. 

Figure 3 overview of the labels used in the PROTEST analysis using software Digital Video Coach
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Results
A total of 47 of the 227 patients were eligible for inclusion. A total of five patients were 
excluded based on the exclusion criteria (these patients were impotent prior to sur-
gery). In the potent subgroup, nine patients remained, while 33 patients remained in 
the impotent subgroup. 

Matching and selection 
Based on the matching criteria for the potent group, nine potent patients were manu-
ally matched with the 33 impotent patients. Based on the power calculation, six pairs 
were selected based on the date of the surgery, BMI, age, and preoperative intention 
of saving the NVBs during surgery on both sides (Appendix A.1). A total of 12 individ-
ual patients were selected for analysis.  

Baseline characteristics
Based on the selection of patients, the IIEF-EF score at 6 and 12 months after sur-
gery showed a significant difference (Table 1). No additional significant differences 
between the impotent and potent subgroups were found.

Table 1: Baseline characteristics of the selected patients

Characteristics Postoperative impotent 

patients (n=6) Median 

(min - max)

Postoperative potent 

patients (n=6) Median 

(min - max)

P-value Z-Value

Age (years) 58 (51 - 61) 53.5 (42 – 66) 0.345 -0.944
Body Mass Index (kg/

m2)

27.29 (21.63- 28.01) 25.97 (23.27 – 28.98) 0.753 -0.314

Prostate size (ml) 33 (29 - 50) 36.59 (25 - 49) 0.854 -0.184
Gleason score 6 (6 - 7) 6 (6 - 7) 0.317 -1.000
Nerve sparing side
Both 6 6 - -
Preoperative IIEF-EF 30 (24 – 30) 30 (29 -30) 0.180 -1.342
6 months IIEF-EF 6.5 (5-16) 29.5 (26 - 30) 0.028 -2.201
12 months IIEF-EF 7.0 (4 - 16) 29.0 (20 - 30) 0.028 -2.201

Prediction of potency by the surgeon who performed the surgery 
and the independent expert surgeon
The predictions of both Expert 1 and Expert 2 were related to the actual patient out-
comes for erectile function (Appendix B). 

The results in Table 2 show the results of the analysis by the experts. These results 

Proefschrift 20230318 met bijlagen.indd   263Proefschrift 20230318 met bijlagen.indd   263 30-03-2023   20:2830-03-2023   20:28



264

Chapter 10

show Expert 1 was able to correctly predict the postoperative potency in 83.3% 
(10/12) of the patients (p = 0.015). Expert 1 was undetermined about one patient. Ex-
pert 2 was able to correctly predict the postoperative potency in 58.3% (7/12) of the 
patients. Expert 2 was undetermined about one patient. 

Interobserver agreement in the prediction of potency by two expert 
surgeons
For the potency group, Cohen’s kappa level of interobserver agreement on predicted 
potency between Expert 1 and Expert 2 was poor at -0.241

Factors predicting continency and potency according to the analy-
sis of two expert surgeons
The experts predicted the expected potency in all patients. They were able to identify 
some factors in patients that they felt had an influence on the potency of the patients. 

In case of potency, a higher quality of NVB preservation leads to better erections ac-
cording to the experts, and the method of haemostasis during NVB preservation (the 
use of the stapler, metal clips, Hem-o-lock clips, or coagulation) were mentioned as 
factors influencing the level of postoperative potency in patients (Appendix C). 

Surgical skills analysis using different methods of video assess-
ment templates.
The GEARS, PACE and PROTEST assessment methods were used to determine 
whether aspects of task performance as measured by assessment templates can be 
related to postoperative outcomes. 

Using the GEARS assessment method, depth perception, bimanual dexterity, effi-
ciency, force sensitivity, autonomy and robotic control were assessed. The results of 
the GEARS assessment analysis of the impotent and potent patients are shown in 
Supplementary Data 1. No significant differences between groups with regard to the 
GEARS assessment method were found.

Table 2: Results of the predictions by Expert 1 and Expert 2, presenting the prediction of potency 
based on apical dissection and urethro-vesical anastomosis in patients in potent vs. impotent pa-
tients. P-value calculated using Fisher’s Exact Test.

Patients included,, n=12 (%) P-value
Expert 1 correct assessment 8 (66.7) 0.048
Expert 1: undetermined 3 (25.0)
Expert 2: correct assessment 4 (33.3) 1.000
Expert 2: undetermined 3 (25.0)
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Using the PACE assessment method, different aspects of the following phases of the 
surgery were assessed, including bladder drop; preparation of the prostate; bladder 
neck dissection; dissection of the seminal vesicles; posterior anatomical plane devel-
opment; NVB preservation; apical dissection; and during the urethrovesical anasto-
mosis, needle entry, needle driving, tissue trauma, and urethrovesical approximation. 
The results of the PACE assessment are shown in Supplementary Data 2. No signifi-
cant differences between groups in the PACE scores were found. 

The results of the general aspects of the PROTEST assessment method showed no 
significant differences between potent and impotent patients (Supplementary Data 
3a). The results of the in-depth analysis of different phases of the surgery according 
to the PROTEST assessment method for the potent group (Supplementary Data 3b) 
showed no significant differences.
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Discussion
There is an increasing interest in the use of surgical video analysis in research.32 In 
order to standardize surgical skills assessment using video analysis, multiple tem-
plates have been developed by different research groups.20–23 In this study, we inves-
tigated whether the multiple assessment methods for surgical videos can be used to 
identify factors that could influence potency levels after prostatectomy. Existing video 
assessment methods were compared to the opinions of expert surgeons by video 
analysis of RARP surgeries. 

Are expert surgeons able to predict postoperative potency levels by 
performing surgical video analysis?  
The results of this study show the expert who performed the surgery was able to cor-
rectly assess the potency status of the patients in most cases. Expert 2 was less suc-
cessful in the assessment of the potency status of the patients. Both surgeons were 
asked to describe the factors of the surgery that they used to predict the potency of 
the patients. Although these factors were similar for both surgeons, the interpretation 
of these factors seemed to differ per surgeon. Both experts felt the level of NVB pres-
ervation, the quality of the NVBs and the means of haemostasis during NVB preser-
vation were associated with the level of potency of the patients. It is known, based on 
a study by Ong et al., haemostatic energy sources in proximity to the prostate in dog 
models can lead to a decrease in erectile function in comparison to dogs where no 
haemostatic energy sources were used during dissection.33 

The result shows there is a difference in the interpretation of the level of NVB preser-
vation, since Expert 1 and Expert 2 disagree on the level of nerve-sparing in multiple 
patients. There is also a difference in the interpretation of the method of haemostasis 
in the patients. Since Expert 2 indicates the use of a haemostatic energy source in 
more patients compared to Expert 1, this shows there is a difference in the interpreta-
tion of the use of a haemostatic energy source between the experts. The differences 
in interpretation of the experts of the use of a haemostatic energy source and the lev-
el of NVB preservation between the experts could thus explain the differences in the 
ability of the experts to predict postoperative outcomes. This is the first study showing 
the difference in the interpretation of the dimensions of structures in surgical videos 
by different surgeons. This shows there is a need for the development of objective 
measurements in surgical video analysis in order to standardize assessment and 
clarify the influence of the factors identified by the experts on the patient’s postoper-
ative potency status. Multiple groups are investigating the use of objective surgical 
skills assessment in robot-assisted surgery.34–40 These initial studies are a first step 
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in the development of the objective assessment of surgical skills and eventually the 
development of postoperative prediction of the functional outcomes of patients.

The difference in the ability of the surgeons to predict potency could also be ex-
plained by the fact that Expert 1 was the surgeon who performed the surgery and 
Expert 2 was an independent surgeon. It could be that Expert 1 is more familiar with 
his own techniques and outcomes and could therefore assess the patient’s postoper-
ative status more accurately. This is in contrast to the findings of Stern et al. who per-
formed a study asking the surgeon at the end of the RARP to predict long-term post-
operative continence in the patients.25 The results showed the surgeon was unable to 
predict postoperative continence. Further studies should be performed with multiple 
experts assessing surgical videos of multiple surgeons to identify if the difference 
between the experts found in this study is the result of the difference in interpretation 
of the factors of the surgery assessed by the experts or a result of Expert 1 being the 
surgeon who performed the surgeries. 

Surgical video assessment templates
Although the GEARS, PACE, and PROTEST assessment methods can be used to 
assess surgical skills, results showed no significant difference between the impotent 
and potent patients. This could be because the surgeon’s skill did not differ between 
the surgeries and thus no difference should be found between the potent and impo-
tent patients. This is in contrast to the findings of Goldenberg et al. who performed 
a retrospective one-to-one matched case-control study with a single surgeon and 
reported the mean overall GEARS scores as an independent predictor of early post-
operative continence (3 months after surgery) in 47 patients (24 incontinent vs. 23 
continent) operated on by the same surgeon.19 These results showed that there is a 
difference in surgical skills in the same surgeon, which could influence postoperative 
continence results. 

Limitations
TThis study is a retrospective study in which patients of a single surgeon were an-
alysed. The sample size was based on the difference between novice and expert 
surgeon, since (in this study) the comparison was made with one expert surgeon 
the sample size might be too small. We tried to reduce the influence of preoperative 
factors which in the literature have been shown to influence the chances of the pa-
tient’s postoperative potency26–28 by matching the patient subgroups. Since no perfect 
matches existed, the best alternatives were sought. Patients who had a non-nerve-
sparing procedure on either side were excluded from selection, since it is known that 
this has major effects on postoperative potency.41 Although we did not expect any se-
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quence effects in the templated assessments of the surgical videos, the results could 
have been influenced by the sequence of assessment. 
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Conclusion 
The results of this study show expert analysis into the level of NVB preservation, 
the quality of the NVBs and the means of haemostasis during the NVB preservation 
could be used to predict the postoperative potency status of a patient. Although the 
same factors were used by the experts to predict the postoperative status of the 
patient, the variance in the interpretation of these factors show there is a need for 
objective measurements in surgical video analysis in order to clarify the influence of 
the factors identified by the experts on the patient’s postoperative potency status. 
This pilot study shows surgical video analysis by expert surgeons could be used 
to assess surgical processes and surgical techniques. This form of expert analysis 
could provide overviews of a surgeon’s performance and aid in improving the skills of 
surgeons. 

Proefschrift 20230318 met bijlagen.indd   269Proefschrift 20230318 met bijlagen.indd   269 30-03-2023   20:2830-03-2023   20:28



270

Chapter 10

Appendix

Appendix 1 matching scores per pair of patients. 
The patients were matched based on age (difference < 5 years = 1 matching point), BMI (difference 
< 3 points = 1 matching point), date of the surgery (difference < 3 months = 1 matching point), and 
preoperative intention of saving the neurovascular bundles during surgery on both sides (NVB spar-
ing the same in both patients = 1 matching point). N= None, NI = Not Identical, * Non-nerve-sparing 
on one or both sides.

Study # im
potent

Study # potent pair

D
ifference O

R
 date 

(days)

M
atch point O

R
 date 

D
ifference N

VB 

M
atch point N

VB

D
ifference BM

I (points)

M
atch point BM

I

D
ifference age (years)

M
atch point age

Total score m
atch point

M
atched pair selected 

(yes/N
o)

12 35 435 0 None 1 0.97 1 0 1 3 Y

33 27 81 1 None 1 3.77 0 19 0 2 Y

67 71 33 1 None 1 0.61 1 10 0 3 Y

77 78 2 1 None 1 1.06 1 7 0 3 Y

143 121 246 0 None 1 0.98 1 4 1 3 Y

109 119 98 0 None 1 0.83 1 3 1 3 Y

77 71 40 1 None 1 1.81 1 6 0 3 N

79 103 243 0 None* 1 10.0 0 2 1 2 N

97 103 56 1 None* 1 17.45 0 3 1 3 N

179 180 7 1 Not 

identi-

cal*

0 1.11 1 1 1 3 N

67 58 70 1 None 1 0.78 1 12 0 3 N

A total 11 possible match pairs were identified for the nine potent patients. Individual patients were 
part of multiple matched pairs in the case of six matched pairs (67/58, 67/71, 77/71, 77/78, 79/103, 
and 97/103). Of these matched pairs, 67/58 and 77/71 were not chosen, because match pair 67/71 
and 77/78 matched better on the date of the surgery, which reduces the influence of the learning 
curve on the postoperative results. 

The matched pairs 179/180, 79/103, and 97/103 were not chosen, since these surgeries were non-
nerve-sparing on one or both sides. The residual matched pairs were chosen since they were the 
only remaining matches. 
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Appendix 2 assessment of potency per patient according to the 
analysis of two expert surgeons

Pt. ID. Group Post-op Potency Expert 1 Expert 2
12 2 Potent Potent Undetermined 
27 2 Impotent Impotent Impotent
33 2 Potent Potent Impotent
35 2 Impotent Impotent potent
67 2 Potent Impotent Potent
71 2 Impotent Undetermined Potent
77 2 Potent Potent Potent
78 2 Impotent Impotent Potent
109 2 Potent Potent Potent
119 2 Impotent Impotent Impotent
121 2 Impotent Impotent Impotent
143 2 Potent Potent Potent
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Appendix 3 factors used for assessment of potency according to 
the analysis of two expert surgeons

Patient ID. Expert 1  Expert 2
Nerve spar-

ing

Bundle Haemosta-

sis manage-

ment  

Nerve spar-

ing

Bundle Haemosta-

sis manage-

ment  
12 fair clips Left fair, 

right limited

monopolar 

coagulation 

right
27 reasonable clips reasonable monopolar 

coagulation 

left
33 fair clips poor monopolar 

coagulation 

both sides
35 thin clips fair No coagula-

tion 
67 partial hemolocks fair coagulation 

left, right no 

coagulation 
71 Partial clips Fair
77 clips Fair
78 Clips, 

monopolar 

coagulation

Fair 

109 clips, 

additional 

coagulation 

+ stiches

Good Good

119 partial pres-

ervation

clips+bipo-

lar, 

Limited Stapler 

121 Limited right 

reasonable 

left

Stapler Poor Stapler 

143 thick clips Fair Clips
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Abstract

Background
Recent research has shown there might be a correlation between the length and 
thickness of the urethral stump and the postoperative urinary continence.  

The co-primary outcomes of this study were to verify the feasibility to measure ac-
curately the length and the width of the urethral stump from recorded videos of robot 
assisted radical prostatectomy (RARP) procedures using the kinovea software and to 
assess if these measurements could be used as predictors of postoperative urinary 
continence.

Methods
53 patients were selected from an institutional database of 1400 cases and included 
in the study. Patients without rarp recorded video, preoperative-mri and complete 
continence data were excluded from the study. All the videos were analysed by a 
trained researcher using the computer software “kinovea”. All the measurements 
were performed while the bladder catheter was inserted into the urethral stump using 
it as a reference point. Urethral measurements were compared to pre-operative mri 
measurements and correlated to the postoperative continence status of the patients.

Results
In 20 out of 53 patients it was not possible to obtain the measurements due to lack 
of a reference structure during video assessment. Data of 33 patients were available 
for analysis. Results showed a statistical significative correlation between the surgical 
urethral length (sul) and the length of the membranous urethra (mul) on mri images 
(r=0.390; p value =0.025). The median sul was significantly higher in the continent 
group (10,50 vs. 12,94 mm, p= 0.018). No significant correlation was found between 
the urethral width and postoperative urinary continence. 

Conclusions
The results of this study show that the length and the width of the urethra can be 
measured in surgical videos using a software. A comparison to the postoperative con-
tinence status of the patients underwent rarp showed a significantly longer median 
surgical urethral length in continent patients. 
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Introduction 
Urinary incontinence after a robot assisted radical prostatectomy (RARP) appears to 
have a multifactorial origin1–5 Several studies have identified factors that contribute to 
early urinary continence in patients that underwent RARP.1,2,6–10 One of these factors 
is the length of the membranous urethra (MUL).4,11,12  There appears to be a corre-
lation between the length of the MUL in pre and post-operative magnetic resonance 
imaging (MRI) and urinary continence.4,12 The group of Song showed that a preoper-
ative MU ≤13.5 mm and postoperative MU ≤13 mm had a negative impact on uri-
nary continence 12 months after the surgery. The group of Kohjimoto retrospectively 
investigated the relation between urinary continence  and the length of the resected 
MU evaluating the amount of rhabdomyo sphincter on the hematoxylin and eosin 
sections of the apical margin of prostate specimens.11 This study showed the length 
of resected MUL specimen was an independent predictor of urinary incontinence. 
This raises the question whether assessment of the urethral length could be objec-
tified intraoperatively by the surgeon to optimize the length of the urethra in order to 
reduce the risk of postoperative incontinence after RARP. 

In another study by the group of Ganni, Kinovea software was used to provide an ob-
jective assessment of surgical skills during laparoscopic cholecystectomy.13 Kinovea 
is a software-based video analysis system used in sports to track trajectories and 
speeds of moving items,. The authors showed that the system can be used for track-
ing analysis of pre-recorded surgical videos and is viable method for the objective 
assessment of surgical performance.13 

Since Kinovea uses a reference line to measure the distance, we hypothesized it 
could be used to measure the size of an item from a video frame, relating the meas-
urements to the reference line. More specifically, we hypothesize Kinovea can use 
the diameter of the trans-urethral catheter during dissection of the apex of the pros-
tate in RARP as a reference line in order to be able to measure the dimensions of the 
urethral stump. 

The research questions are: (1) Is it possible to accurately assess the length and 
width of the urethral stump in the surgical videos of robot assisted radical prostatec-
tomy patients using the Kinovea software? (2) Can urethral stump measurements 
be used to predict postoperative continence in patients after robot assisted radical 
prostatectomy? These questions will be answered using Kinovea, a software-based 
system to measure the urethral stump in surgical videos of patients who underwent 
RARP.
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Materials and methods

Study population
The population of our study consisted of 1400 patients who underwent RARP in the 
Antoni van Leeuwenhoek Hospital in Amsterdam (the Netherlands) between June 
2009 and February 2017. Considering the inclusion and exclusion criteria (Figure 
1), a group of patients was selected from the institutional database.  All patients 
had localized prostate cancer (cT1c-cT3a, Nx-N0, Mx-M0) and in all cases the full-
length pre-recorded video of the procedure was available. Only patients with 6 and 
12-month postoperative PROMS data available were included. In case of unavailable 
surgical video or MRI patients were excluded from the study. Patients who underwent 
a salvage prostatectomy after radiation therapy14 or who received adjuvant radiation 
therapy  within 12 months from the surgery15 were excluded from analysis due to a 
significant impact of these treatments on the continence status.  In our study a patient 
with an ICQI-SF score of 0 was defined as continent, while a patient with an ICIQ-
SF score of 10 or more was defined as incontinent.16 Patients with ICIQ-SF scores at 
6 and 12 months from 1 to 9 were excluded from the study in order to have a clear 
distinction between continent and incontinent patients.  If the catheter was not ade-
quately in place during the apical dissection of the prostate, the case was excluded 
from analysis since there was no reference point (no visualization of the trans-ure-
thral catheter during dissection) available for the calibration of the Kinovea system. 

Variations in the peri-operative process
The surgeries of the selected patients were performed by one expert surgeon (HvdP) 
who had overcome the surgical learning curve before the year 2009 and has stand-
ardized the way he performs each surgery. Part of this standardization is the dorsal 
reconstruction, this is performed using the “median fibrous raphe” reconstruction or 
“Rocco stitch”.17,18 The method of nerve sparing is standardized based on the publica-
tion of van der Poel et. al, intrafascial dissection was performed where feasible.19 The 
peri-operative implementation of physiotherapy was standardized in all patients, no 
additional sessions of physiotherapy were provided for incontinent patients. 

Design
Data as BMI, Charlson comorbidity index (CCI), prostate volume, positive surgical 
margins, International Prostate Symptom Score (IPSS), International Consultation In-
continence Modular Questionnaire -Short Form (ICIQ-SF score), Fascia preservation 
score, and MRI measurements were collected. 
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Pre-operative and post-operative continence were defined according to the Inter-
national Consultation Incontinence Modular Questionnaire -Short Form (ICIQ-SF 
score).16 The ICIQ-SF is a patient-reported outcome measures (PROMs) question-
naire that assesses the patient’s urinary incontinence status with three questions. 
The cumulative scores of the three questions (0-21 points) represents the patient’s 
experience of urinary incontinence. The study was designed as a retrospective feasi-
bility study of patients from our institutional database.  

Methods of measurement
The automated surgical movements tracking was performed using Kinovea 0.8.15. 
Kinovea was used to assess the length and width of the urethra in pre-recorded vide-
os. In all the patients the urethral stump was measured on a video frame taken during 
the dissection of the urethra when the circumference of the catheter was well visible. 
The software was able to measure the length and width of the urethra by calibrating 
these measurements to the width of the transurethral catheter as shown in figure 2b. 
A standardized 16 Charriere (width = 5,3333 mm) latex or silicone Foley catheter was 
used in all patients. Anatomical structures are represented in figure 2a, figure 2c and 
figure 2f.

The width of the catheter was subtracted from the SUW to obtain the accurate thick-
ness of the urethral tissue. The measurements were performed by one rater (AB) 
who underwent a specific training in both the surgical procedure and the use of 
Kinovea software. The rater was blinded to the patient’s self-reported postoperative 
continence status.

Pre-operative MRI measurements of the urethra were performed according to the 
study by Grivas (figure 2).4 In this study, the MUL was measured from the apex of the 
prostate to the bulbus (midsagittal T2, figure 2d), the Maximal Urethral Width (MUW) 
was defined as maximal diameter of urethra (axial T2), the Ventral Urethral Length 
(VUL) was measured from the apex of prostate to the pelvic floor muscles (coronal 
T2-weighted, figure 2e), and the Ventral Urethral width (VUW) was defined as maxi-
mal diameter of urethra at the location of the VUL measurement (axial T2, figure 2g). 
These measurements were used to verify the results of the Kinovea measurements. 

Ethical approval
This study was granted approval from and was in accordance with the institutional 
medical ethics committee. Informed consent was obtained from all participants 

Data analysis
Descriptive statistics was performed for all available patients and tumour variables. 
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Mean and standard deviation or median and interquartile ranges were reported for 
continuous variables as indicated, depending on the distribution of the variables. Fre-
quencies and proportions were used to describe categorical variables. The Pearson 
correlation coefficient test was used to assess the accuracy of the Kinovea measure-
ments comparing them to the pre-operative MRI measurements. The Mann-Whitney 
U test was used to compare differences between continent and incontinent patients 
for the continuous variables and Fishers exact test for the categorical variables. 
Statistical significance was set at p<0.05 based on a two-tailed comparison. Univari-
ate logistic regression analysis of preoperative variables was used to identify factors 
that have influenced the patient’s continence status. P-value for the univariate logistic 
regression analysis was set at 0.10. Statistical analysis was performed with SPSS 
software v. 23 (SPSS Inc., Chicago, IL, USA).Results

Figure 1.  (A) Intra-operative image – representation of important anatomical structures used as land-
marks during the measurements of the urethral stump; (B) intra-operative image – calibration lines 
overlapping the urethral stump with Foley 16 Ch catheter inserted used as reference structure; (C) 
axial and F: coronal MRI image - representation of important anatomical structures used as land-
marks during the measurements of the urethral stump; (D) MUL, (E) VUL and (G) VUW measurement 
method on MRI images.

A B
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Results
A total of 53 patients were eligible based on the inclusion and exclusion criteria (Fig-
ure 1). Twenty patients were excluded from analysis after reviewing the videos as 
they lacked the reference structure to calibrate the measurements, and were exclud-
ed from the analysis. The remaining 33 patients were divided in a continent (N=26) 
and an incontinent group (N=7). Baseline characteristics of the patients are repre-
sented in Table 1. There were no statistically significant differences in the baseline 
characteristics between the two groups. 

A significant positive correlation of the Kinovea (MUL) and preoperative MRI (SUL) 
measurements of the urethral stump length (r=0.390; p =0.025) was found. The cor-
relation of the VUL and SUL and urethral width measurements were not statistically 
significative. Moreover, a correlation between the Kinovea (SUW) and MRI (MUW) 

Figure 2: Study flow diagram – Study population selection flowchart
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urethral width measurement was observed (r=0.107; p=0.046) (Table 2). 

The results of the pre-operative MRI-measurements showed a significantly longer 
MUL (13.18 vs 9.87 mm, p=0.001) and VUL (10,74 vs 6,47 mm, p=0,009) in continent 
patients compared to those with incontinence. The VUW and MUW did not show sig-
nificant difference among the continent and incontinent patients (Table 3). 

Table 1: Baseline characteristics of the selected patients

Postoperative incon-

tinent patients (ICIQ-

SF>10) (n=7) Median 

(min - max)

Postoperative continent 

patients (ICIQ-SF=0) 

(n=26) Median (min - 

max)

P-value Z-Value

Age (years) 65 (57 - 69) 61.5 (51 - 75) 0.308 -0.944
Body Mass Index (kg/

m2)

26.59 (20.45 – 32.55) 25.31 (21.15 – 35.06 0.880 -0.314

Prostate size (ml) 50 (18 - 81) 43 (21 - 90) 0.375 -0.184
TUC duration (days) 14 (12 – 41) 12.00 (7 – 39) 0.183 -1.000
Clinical tumor stage, N 

(%)

0.558#

cT1c 2 (28.6) 10 (38.5) -
cT2a 0 3 (11.5) -1.342
cT2b 1 (14.3) 6 (23.1) -2.201
cT2c 2 (28.6) 4 (15.4) -2.201
cT3a 2 (28.6) 2 (7.7) 0.000
cT4a 0 1 (3.0) -2.207
Nerve sparing, N (%) 0.117# -2.232
Both 3 (42.9) 10 (38.5)
Left only 0 7 (26.9)
Right only 0 4 (15.4)
Preoperative ICIQ-SF 

score

0 (0 - 0) 0 (0 - 0) 1.000

Preoperative Pad use 0 (0-0) 0 (0-0) 1.000
6 months ICIQ-SF score 16 (16 - 20) 0 (0 - 0) <0.001
12 months ICIQ-SF 

score

14 (11 - 18) 0 (0 - 0) <0.001

6 months postoperative 

Pad use 

4 (3-4) 0 (0-1) <0.001

12 months postoperative 

Pad use 

3 (3-4) 0 (0-0) <0.001
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Figure 2 (A,E) Measurement of the SUL and SUW using Kinovea software in a incontinent (A) and 
continent (E) patient;  (B-D) measurement of the MUL (B), VUL (C) and VUW (D) on the MRI images 
of a incontinent paten; (F-H) measurements of the MUL (F), VUL (G) and VUW (H) on the MRI images 
of a continent patient.
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Table 2 Pearson correlations of Kinovea and the pre-operative MRI measurements in 33 selected 
patients. 

SUW, Surgical Urethral 

Width measured using 

Kinovea (p-value)  

SUL, Surgical Urethral 

Length measured using 

Kinovea (p-value)  
MUL, length of the membranous urethra from the 

apex of the prostate to the bulbus (midsagittal 

T2) 

- 0.390 (0.025)*

VUL. Ventral Urethral length, measured from 

apex of prostate to the pelvic floor muscles (cor-

onal T2-weighted)

- 0.148 (0.412)

VUW, Ventral Urethral width, defined as maximal 

diameter of urethra at the location of the VUL 

measurement (axial T2)

0.107 (0.553) -

MUW, Maximal Urethral Width, defined as maxi-

mal diameter of urethra (axial T2)

-0.350 (0.046)* -
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Table 3. Difference in pre-operative MRI measurements (MUL, VUL, MUW, and VUW) and surgical 
urethral measurements with Kinovea software (SUL and SUW) during apical dissection between con-
tinent and incontinent patients. 

Postoperative incontinent 

patients (ICIQ-SF>10) 

(n=7) Median (min - max)

Postoperative continent 

patients (ICIQ-SF=0) 

(n=26) Median (min - max)

P-value

MUL, length (in mm) of the 

membranous urethra from the 

apex of the prostate to the bul-

bus (midsagittal T2)

9.87 (8.69 – 12.97) 13.18 (9.63 – 16.15) 0.001

VUL. Ventral Urethral length, 

measured from apex of prostate 

to the pelvic floor muscles (coro-

nal T2-weighted)

6.47 (3.75 - 10.35) 10.74 (5.79 – 14.50) 0.009

VUW, Ventral Urethral width, 

defined as maximal diameter 

of urethra at the location of the 

VUL measurement (axial T2)

12.97 (11.13 – 14.86) 12.38 (9.96 – 13.81) 0.268

MUW, Maximal Urethral Width, 

defined as maximal diameter of 

urethra (axial T2)

12.12 (9.22 – 13.15) 11.61 (9.05 – 14.00) 0.914

Surgical urethral length (SUL), 

mm

10.50 (5.06 – 12.79) 12.94 (6.10 – 24.35) 0.018*

Surgical Urethral Width (SUW), 

mm

6.83 (1.95 – 11.13) 7.37 (4.26 – 16.78) 0.450
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Table 4 Univariate logistic regression analysis of factors possibly influencing the continence status of 
patients.

OR 95% C.I. for OR P-value
VUL. Ventral Urethral length, 

measured from apex of prostate 

to the pelvic floor muscles (coro-

nal T2-weighted)

1.642 1.095 – 2.464 0.017

MUL, length of the membranous 

urethra from the apex of the 

prostate to the bulbus (midsag-

ittal T2) 

3.156 1.324 – 7.527 0.010

SUL, Surgical Urethral Length 

Measured using Kinovea

1.314 0.999 – 1.728 0.051

VUW, Ventral Urethral width, 

defined as maximal diameter 

of urethra at the location of the 

VUL measurement (axial T2)

0.573 0.237 – 1.385 0.216

MUW, Maximal Urethral Width, 

defined as maximal diameter of 

urethra (axial T2)

1.173 0.596 – 2.310 0.644

SUW, Surgical Urethral Width 

Measured using Kinovea 

1.156 0.840 – 1.592 0.374

BMI 0.950 0.768 – 1.174 0.633
Prostate size 0.985 0.945 – 1.027 0.477
Age 0.938 0.812-1.084 0.386
Nerve sparing left 2.519 0.460 – 13.801 0.287
Nerve sparing right 1.556 0.289 – 8.379 0.607
Year of surgery 1.254 0.465 – 3.382 0.655
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The results in table 4 show the difference in Surgical urethral measurements, per-
formed with Kinovea software, during apical dissection between continent and incon-
tinent patients.  There is a longer SUL (difference of 2.44 mm) in continent patients 
compared to incontinent patients (12.94 vs 10.50 mm, p=0.018). There was no differ-
ence in SUW between the two groups (Table 3).

Factors influencing continence
The results of the univariate logistic regression analysis of preoperatively known 
variables showed that the VUL (OR=1.642; 95% C.I: 1.095 – 2.464 p-value = 0.017), 
MUL (OR=3.156, 95% C.I: 1.324 – 7.527, p-value = 0.010), and SUL (OR=1.314, 
95% C.I: 0.999 – 1.728, p-value = 0.051) could be used to predict the continence of 
patients (Table 4).  
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Discussion
In this study we investigated whether intraoperative urethral stump measurements 
can be performed using the Kinovea software from pre-recorded RARP videos and 
if these measurements could be used as predictors of postoperative urinary inconti-
nence. 

Our results the Kinovea software can be used to measure urethral dimensions in 
pre-recorded RARP videos. The results showed a weak positive correlation between 
the SUL measured using Kinovea and the MUL measured with MRI, the correlation 
between SUL and the VUL showed no significant results. The lack of correlation be-
tween the VUL and SUL could be due to the fact that during dissection of the pros-
tatic apex the urethra is deformed due to the traction of the prostate during this step 
of the surgery this method could be further improved using a video frame where no 
tractions are applied on the prostate and on the perineum of the patient i.e. during 
vesico-urethral anastomosis. 

There was a correlation between the urethral width measured with Kinovea software 
(SUW) and MRI (MUW) The width of SUW using Kinovea showed no correlation with 
the VUW measured on an MRI. This could possibly be the result of the traction on the 
prostate during dissection, as the diameter becomes smaller with traction and there-
fore the urethral tissue thinner. Another reason could be the thinning of the urethra 
during the apical dissection of the prostate.  In this case, the selection of the video 
frame could have an impact on the quality of measurements of the urethral stump.

The fact that the urethral stump measurements taken with Kinovea (SUL and SUW) 
were correlated with the MRI measurements (MUL and MUW) validate the Kinovea 
software as an accurate tool for the measurement of the urethral stump length and 
width. The performance of the measurements using Kinovea took on average 5 min-
utes per patient. 

In this study in both MRI measurements (MUL and VUL) and the SUL, a significantly 
longer median urethral length in the continent group compared to the extremely in-
continent group. Although the median difference in SUL (2.44 mm) is shorter than the 
median difference in MUL (3.31 mm) and the median difference in VUL (4.27mm) the 
preoperative measurements show it is possible to find a measurable difference. 

The influence of the urethral length on continence has been proven with different mo-
dalities11,12 including MRI measurements. In a recent study, Kohjimoto et al. demon-
strated that the length of resected MUL specimen was an independent predictor of 
urinary incontinence after RARP.11 Moreover, in another recent paper Song showed 
that a longer preoperative and postoperative length of membranous urethra was 
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significantly associated with urinary incontinence after RARP.12 This shows a longer 
urethral length of the membranous urethra implies a long urinary sphincter that leads 
to better postoperative urinary continence.

The univariate logistic regression analysis showed a significant influence of the VUL 
(OR=1.642; 95% C.I: 1.095 – 2.464 ), MUL (OR=3.156, 95% C.I: 1.324 – 7.527), and 
SUL (OR=1.314, 95% C.I: 0.999 – 1.728)  on the patient’s continence status showing 
a smaller risk of urinary incontinence in patients with longer urethral stump. Our find-
ings are in contrast with the recent research by Bautista Vidal, which shows there is 
no correlation between continence and urethral stump length.20 This could be due to 
a difference in method used for the measurement of the urethral stump in the surgi-
cal videos.20 Additional research is needed to determine the ideal urethral length for 
achieving continence. If a cut-off point is determined during additional research, sur-
gical procedures could be adjusted to standardise the dissection and mobilisation of 
parts of the prostatic urethra in order to increase urethral stump length and increase 
the chances of urinary continence. 

The implementation of real time intra-operative measurements of the urethra inte-
grated in the robotic system could help to adjust the surgical technique in particular 
during the apical dissection of the prostate. The use of a small ruler could help the 
surgeon to measure the urethra during surgery which could lead to an increase ure-
thral stump length and increase the chances of urinary continence.21,22 In the future 
the introduction of measurement software into the surgical robot system could lead 
to the implementation of a modified heads-up display in the console which can be 
used to measure structures during surgery in real time. Using this kind of software, 
the surgeon could be able to optimize the urethral length and increase the chances of 
continence for the patient. 

The urethral width measurements (SUW, MUW, and VUW) did not show a difference 
between the continent and incontinent patients. To our knowledge, there are no stud-
ies showing a correlation between the intraoperative urethral width and the post-oper-
atory continence status.

Limitations
Our study is a retrospective study in which patients of a single surgeon were ana-
lysed. The sample size was relatively small, we tried to reduce the influence of con-
founders by using exclusion criteria of factors which are known to influence postoper-
ative continence (i.e. salvage RARP14 and adjuvant radiation therapy after RARP15).  
The results of this pilot study show the absence of surgical videos, MRI measure-
ments and a reference point (no visualization of the trans-urethral catheter during dis-
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section) for Kinovea measurements lead to a relative high number of exclusions. The 
Kinovea analysis could only be performed when the catheter (reference point) was 
visible during apical dissection. There is some variation in the placement of the ref-
erence line since the diameter of the catheter was sometimes measured in less than 
ideal circumstances, meaning that not the entire circumference of the catheter was 
visible during measurement. There is also a possibility of variation in the length and 
width measurements due to the amount of traction on the tissue during dissection, in 
order to reduce this variation, the measurements were taken at the same point in the 
dissection of the urethral stump. The angle of the camera during measurement could 
influence the results of the measurement, but since the reference line was measured 
with the camera in the same position as the measurements of the urethra we believe 
this influence is negligible.  The use of an intraoperative object with a known size or 
a ruler to measure the urethral stump could result in more accurate measurements of 
the urethral stump. In this study the measurements were taken by a single observer. 
This study was performed in cases of a single surgeon, results in multiple surgeons 
could vary due to variability of surgical technique. Further research of the implications 
of urethral stump length could result in an improvement of postoperative continence 
for individual patients. If the measurement of the urethral length can be performed 
during surgery it will be possible to adjust surgical techniques to preserve the maxi-
mal surgical urethral length. 
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Conclusion
In this study we performed intraoperative urethral stump measurements using the 
Kinovea software on surgical videos. The results of this study show that the length 
and width of the urethra can be measured in surgical videos and correlated with most 
of the preoperative MRI measurements. The present measurements demonstrate a 
longer surgical urethral length in continent patients compared to those suffering from 
incontinency. Further research on the use of intraoperative urethral length meas-
urements could elucidate whether the length of the urethral stump can be used as a 
predictor of continence with the surgical challenge to save as much urethral length as 
possible during robot assisted radical prostatectomy.  
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Abstract

Backgrounds: 
Robot-assisted surgery facilitated the possibility to evaluate the surgeon’s skills by 
recording and evaluating the robot surgical images. The aim of this study was to 
investigate the possibility of using a computer programme (Kinovea) for objective 
assessment of surgical movements in previously recorded in existing robot-assisted 
radical prostatectomy (RARP) videos.

Methods 
Twelve RARP-videos were analysed by a trained researcher using the computer pro-
gramme “Kinovea” to perform semiautomated assessment of surgical movements. 

Results 
Data analysis showed Kinovea was on average only able to automatically assess 
22% of the total surgical duration per video of the robot assisted surgery. On aver-
age it lasted 4 hours of continued monitoring by the researcher to assess one RARP 
using Kinovea. 

Conclusion 
Although we proved it is technically possible to use the Kinovea system in retrospec-
tive analysis of surgical movement in robot assisted surgery, the acquired data does 
not give a comprehensive enough analysis of the video to be used in skills assess-
ment. 
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Introduction
The introduction of Endoscopic surgery opened the possibility to evaluate the sur-
geon’s skills based on the intra-corporal surgical videos. A standardized assessment 
method in order to assess the surgeon’s skills real-time in surgery was developed by 
Martin et al. using the Objective Structured Assessment of Technical Skills (OSATS).1 
This type of skill assessment sparked the investigation into the relation between 
surgical skills and postoperative complications. Birkmeyer etal. were (one of) the 
first who were able to prove a causal relation between the level of   surgical skill2 
and postoperative complications. He demonstrated that the skills of the surgeons in 
laparoscopic bariatric surgery were associated with lower complication and mortality 
rates. Moreover, lower ranked surgical skills were associated with prolonged surgical 
times, higher reoperation rates and higher readmission rates.2

After the initial development of OSATS, various other assessment tools have been 
developed for the evaluation of robotic surgical technical skills, such as the Global 
Evaluative Assessment of Robotic Skills (GEARS)3, the Prostatectomy Assessment 
and Competency Evaluation (PACE)4, the Generic Error Rating Tool (GERT)5, and 
the PROTEST assessment tools.6 These new assessment tools can be used to as-
sess the surgeon’s skills based on the intra-corporal video of the surgical procedure. 

In another study conducted by Goldenberg et al., the relationship between surgi-
cal skills defined by use of the GEARS assessment tool and patient outcomes in 
robot-assisted radical prostatectomies (RARP) was investigated.7 The focus of the 
GEARS assessment tool lies on general robot surgical principals, i.e. Depth percep-
tion, bi-manual dexterity, efficiency, force sensitivity, autonomy, and robotic control.3 
Goldenberg et al. found that surgical skills as measured using the GEARS tool were 
ranked higher in the postoperative urinary continent group compared to postoperative 
urinary incontinent group.7 However, these assessment tools are a time-consuming 
way of assessing surgeons’ skills. Since these methods are based on human review, 
subjective bias cannot be avoided, leading to reduced interrater reliability.

To objectify the assessment and to reduce the time investment of ‘manual assess-
ment’ by the observer automated assessment tools are being studied.8,9 Recently 
Hung et al. investigated the possibility of the analysis of the movements of the surgi-
cal robot with the dVLogger system which led to greater insight into the performance 
of the surgeons and could be used to predict postoperative outcomes.8,10 The dVLlog-
ger system automatically logs motion tracking and system events data without corre-
lation to the surgery. 

In a recent Delphi study by our group6 into the link between surgical skills and post-
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operative outcome (resulting in the PROTEST assessment tool) a possible relation 
was suggested between some phases of the RARP surgery and postoperative uri-
nary continence. The Delphi panel agreed that events during the “Pelvic floor muscle 
exposure/opening of the endopelvic fascia”, and the “Vesico-urethral anastomosis” 
could be related to postoperative continence. This relation has yet to be proven in 
further research. 

Ganni, et al. researched a computer program, Kinovea, which can be used by re-
searchers to perform semiautomated video motion tracking in laparoscopic cholecys-
tectomy procedures. The system is able to track by the researcher selected pixels on 
the surgical instrument during the surgical procedure. Kinovea is a software-based 
system used in sports to track trajectories and speeds of items or human move-
ments. The benefit of this system over the dVlogger is that there is no need of addi-
tional hardware systems or sensors on the instruments to measure the movements 
of the item of interest. This means this system can be used in retrospective studies 
without any preparation during surgery. The system enables the assessment of the 
video material during the tracking analysis.  This tracking system was used to assess 
surgeons’ skills using existing surgical videos rather than in a simulator9. This raises 
the question if Kinovea could be used for similar purposes in robot assisted surgery 
in order to assess the surgical movements based on the video of the surgical proce-
dure. 

The purpose of this study is to determine whether Kinovea is a valid tool for automat-
ed surgical movements tracking in RARP and may be used to evaluate a possible 
relation between surgical movements and postoperative urinary continence in RARP.

The present research questions are: (1) Is Kinovea a valid tool for automated as-
sessment of surgical movements in RARP surgical videos? (2) Can the results found 
through automated surgical movements tracking using Kinovea be used to predict 
postoperative continence in RARP? (3) Can results of the Kinovea analysis obtained 
during the “Pelvic floor muscle exposure/opening of the endopelvic fascia”, and the 
“Vesico-urethral anastomosis” be used to predict postoperative continence in RARP?

These questions will be answered by analysing surgical movements in RARP videos.
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Methods

Subjects
For this study existing videos of RARP procedure were used of patients who under-
went a robot assisted radical prostatectomy in a specialized cancer hospital in the 
Netherlands between June 2009 and February 2017. All of the patients were oper-
ated by the same expert robotic surgeon (HvdP), who had performed >220 RARP 
procedures before June 2009 and has currently performed >2100 RARP procedures 
using the daVinci Si surgical robot by Intuitive. Exclusion criteria were urinary incon-
tinence prior to surgery, and Surgeries where no or incomplete video material was 
available. All of the men included had localized prostate cancer (cT1c-cT3a, Nx-N0, 
Mx-M0). 

Design
The study design was a pilot study in order to investigate if Kinovea is suitable to use 
in robot assisted surgery. Patient results were obtained prospectively. The follow-up 
was at least 12 months. 

Cases were anonymized and labelled with study codes, meaning the researcher was 
blinded to all patient characteristics and outcomes. This study was granted approval 
from the institutional medical committee. 

Automated surgical movements assessment using Kinovea. 
The surgical movements of the instrument were tracked using the Kinovea software. 
The primary outcome measurements are the total time analysed (minutes), and per-
centage of surgery analysed (%). The secondary outcome measurements are total 
path length (cm), number of sudden movements (defined as more than 1 cm move-
ment of the instrument per frame of the surgical video), and average speed (cm/s).  
The Kinovea software is deemed valid if it is able to track > 80% of the duration of the 
surgery.

The instrument controlled by the right robotic arm (controlled by the dominant hand of 
the surgeon) was used for the analysis using Kinovea. For every video excel sheets 
containing automatic calculations of the total distances and velocities per trajectory 
were downloaded from Kinovea. These results were compared to the total distanc-
es, average velocities and numbers of sudden movements calculated using manual 
formulas based on Ganni, et al.’s article (Table 1)9 . 
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Relation between Kinovea results and postoperative continence 
status
Although patient selection was based on continence, a number of additional out-
comes were compared to the video motion tracking data in order to assess if there 
was a relation. These postoperative outcomes included patient reported outcome 
measures (PROMs), lower urinary tract symptoms, measured using the International 
Prostate Symptom Score (IPSS)11,12, the Lower urinary tract symptoms domain of the 
EORTC QLQ-PR25 score (EORTC QLQ-PR25 score)13–15,  and postoperative compli-
cations, which were registered in the patients’ medical files as they occurred. 

Relation between Kinovea results of different phases of the surgery 
and postoperative continence status 
The surgery was divided in seven surgical phases which were defined in the PRO-
TEST assessment method6 developed by this research group. To investigate the 
relation between Kinovea results and the “Pelvic floor muscle exposure/opening of 
the endopelvic fascia”, and “Vesico-urethral anastomosis” specific analysis for these 
phases were performed. 

Methods of measurement
The automated surgical movements tracking was performed by one researcher using 
Kinovea 0.8.15. The researcher was instructed in the use of Kinovea and the surgical 
procedure by a researcher experienced in the use of Kinovea and the RARP proce-
dure. 

Table 1: Formulas used for manual calculation9.
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The tracked instrument controlled by the right robotic arm in the majority of meas-
urements was the Intuitive Surgical Hot Shears (Mono-polar Curved Scissors). This 
instrument had a jaw length of 1.3 cm, which was used by the researcher to be able 
to calibrate the motion tracking software in order to approximate the total distance 
the surgical instrument has travelled (Fig. 1A). In a few video fragments the Intuitive 
Surgical Large Needle Driver was used by the right robotic arm. In this case, calibra-
tion was done by the researcher using this instrument’s jaw length, consisting of 1 cm 
(Fig. 1B). 

After calibration the researcher only had to manually place a tracking point on the 
instrument’s first joint and press play, the Kinovea software was designed to be able 
to follow this tracking point during the procedure based on the selected pixels. The 
entire surgical procedure from the opening of the peritoneum to the completion of 
the bladder-urethra anastomosis was automatically tracked by the software (Fig. 1A, 

Fig. 1: A) Example of a calibration line (orange line) and tracking point on the Mono-polar Curved 
Scissors. B) Example of a calibration line on the Large Needle Driver, the purple line is the movement 
pattern of the instrument. C) Example of a tracking point on the Large Needle Driver, the green line is 
the movement pattern of the instrument. 
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Fig. 1C). Frequently, the software was not able to follow the selected pixels correctly, 
which was then manually corrected by the researcher by moving the tracking point 
back to the originally selected point on the instrument. The instrument tracking was 
manually interrupted if there was something covering it, such as tissue, blood or an-
other instrument. It was also stopped if the instrument was out of view of the camera 
or if the camera was in movement. If a pelvic lymph node dissection was performed, 
the instrument was not tracked during this part of the surgery, since not all videos 
contained a pelvic lymph node dissection.

Patient selection and matching
Patients were selected based on their preoperative and post-operative continence as 
defined based on the International Consultation Incontinence Modular Questionnaire 
-Short Form (ICIQ-SF score). The ICIQ-SF is a Patient-reported outcome measures 
(PROMS) questionnaire which registers the patient’s urinary incontinence on three 
domains, the frequency of urine leakage (0-5 points), the amount of leakage accord-
ing to the patient (0-6 points), and the interference of the urine leakage with everyday 
life (0-10 points). An additional question which asks in which situation the urine leaks 
gives more insight into the type of incontinence. The cumulative scores of the three 
question (0-21 points) represent the patients experience of urinary incontinence. In 
this study an ICIQ-SF score of 0 at 6 and 12 months postoperative was defined as 
continent, whilst and ICIQ-SF of >10 at 6 and 12 months postoperative was defined 
as incontinent. Two groups of patients were selected. The first group (A) consisted 
of patients who were continent preoperative and were continent at 6 and 12 months 
after surgery this group was matched with a second group (B) of patients who were 
continent preoperative and were incontinent at 6 and 12 months after surgery.

The patients in the continency group were matched according to the date of the 
surgery, the age of the patient, BMI of the patient and the preoperative intentions of 
saving the neurovascular bundles during surgery. All incontinent patients were man-
ually compared to the continent patients by two individual researchers (AB and HN). 
Based on the number of variables in which the pairs matched a matching score of 
zero to four was given to the patients, each matched variable resulted in a point in 
the total matching score. The patients were matched based on age (difference of < 
5 years = 1 matching point), BMI (difference < 3 points = 1 matching point), date of 
the surgery (difference <3 months = 1 matching point), and preoperative intentions 
of saving the neurovascular bundles during surgery on both sides (NVB sparing the 
same in both patients = 1 matching point). A matching score of four was the best pos-
sible match.  Based on the matching scores the best matched patient pairs were se-
lected for analysis, since almost no perfect matches existed (Appendix 1). If matched 
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pairs with similar matching scores existed a definitive choice was made based on the 
variable on which the patients matched (appendix 1). 

Power analysis
Ganni, et-al9 observed both experts and novice participants during a basic lapa-
roscopic cholecystectomy procedure using semiautomated video motion tracking 
via the Kinovea system in order to determine their path length, average instrument 
movement and number of sudden or extreme movements. This study shows a lower 
path length for the Experts compared to the novices. These results show it is possible 
to detect a difference in populations means of 60 cm (127cm for experts, 187 cm in 
novice analysis) in total path length. For this study we assume the path length in the 
incontinent patients is similar to that of a novice and the path length in the continent 
patients is similar to that of an expert.  Based on a power calculation using 0.05 as 
Alpha, a Power of 0.80, and an effect size of 60cm a sample size of 4 patients per 
subgroup would be sufficient for the main objective of this study.

Data analysis
Data analysis was performed using SPSS statistics v24 (IBM, NY). Frequency sta-
tistics were calculated for patient demographic data and surgeon scores. Correlation 
between Kinovea results on the one hand and ICIQ-scores, IPSS scores, and EO-
RTC QLQ-PR25 scores were calculated using a Spearman’s Rho test. The Wilcoxon 
signed-rank test was used to compare differences in results between the matched 
patient groups. The McNemar’s test was used in order to compare differences in 
results between the matched patient groups in case of dichotomous variables. Statis-
tical significance was set at p <0,05 based on a two-tailed comparison. 
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After selection, A total of 6 incontinent and 6 continent patients were selected and 
matched based on age, BMI, prostate size, Gleason score, clinical and pathologic tu-
mor stage, membranous urethral length, IPSS, ICIQ, and EORTC QLQ-PR25 (Table 
2). There were no significant differences between the incontinent and continent group 
in baseline characteristics, including age, BMI, date of surgery, oncological data, and 

Figure 2 study design

Results
After exclusion based on the exclusion criteria 191 of the 227 patients were eligible 
for inclusion (figure. 2). Based on continence status 79 patients were included in 
group A, 10 patients in group B. 

Fig. 3: Example of a fully tracked trajectory of the Mono-polar Curved Scissors.
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membranous urethral length. The preoperative Patient Reported outcome Measures, 
i.e. ICIQ-SF, IPSS and EORTC QLQ-PR25 also showed no difference between the 
incontinent and continent group. 

Results of automated surgical movements assessment using Ki-
novea. 
Every surgical video was tracked from the opening of the peritoneum to the comple-
tion of the bladder-urethra anastomosis. Of the median duration of the surgery (81.00 
minutes), only a median length of 18.22 minutes of the video could be tracked (medi-
an 21.74%) (Table 3).  Figure 3 shows an example of a trajectory of the movements 
of the Mono-polar Curved Scissors tracked using Kinovea. 

Table 1: Baseline characteristics of the selected patients

Characteristics Postoperative incon-

tinent patients (n=6) 

Median (min - max)

Postoperative continent 

patients (n=6) Median 

(min - max)

P-value Z-Value

Age (years) 64 (57 - 67) 62.5 (53 - 66) 0.674 -0.420
Body Mass Index (kg/

m2)

26.86 (20.45 – 32.55) 25.99 (22.50 – 32.11) 0.917 -0.105

Prostate size (ml) 50 (39 - 81) 38 (35 - 82) 0.225 -1.214
Gleason score 7 (6 - 8) 6 (6 - 7) 0.157 -1.414
Membranous urethral 

length (mm)

11.07 (8.69 – 13.10) 13.58 (10.48 – 16.15) 0.273 -1.095

Surgery date, median 

(IQR)

15-02-2014 (02-02-

2013 – 15-03-2015)

27-04-2014 (06-12-2012 

– 29-01-2015

0.600 -0.524

Preoperative IPSS score 3 (0 - 7) 2.5 (0 – 8.5) 0.892 -0.135
6 months postoperative 

IPSS score

15 (0 - 19) 3 (0 - 5) 0.042 -2.032

12 months postoperative 

IPSS score

10 (6 - 16) 2 (0 - 5) 0.043 -2.023

Preoperative ICIQ score 0 (0 - 0) 0 (0 - 0) 1.000 0.000
6 months ICIQ score 15 (11 - 20) 0 (0 - 0) 0.027 -2.207
12 months ICIQ score 14 (12 - 17) 0 (0 - 0) 0.026 -2.232

Table 3: Total time analysed, duration of the surgery, percentage of surgery analysed, Automatic and 
calculated total path length in cm, difference in total path length in %, number of sudden movements 
and average speed.

Median Min Max
Total time analysed (minutes) 18,22 8,13 27,05
Duration of the surgery (minutes) 81,00 57,00 99,00
Percentage of surgery analysed (%) 21,74 14,26 29,73
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Fig. 4: Tracking point on instrument (A) and tracking point on tissue 48 milliseconds later (B).

Fig. 5: Summary data of the automatic vs... calculated total path length in cm (A) and the automatic 
vs... calculated average speed in cm/s (B).

We found the computer program could not run fully automatic in RARP surgery since 
the tracking point could often not correctly identify the instrument’s joint, meaning the 
tracking point had to be manually placed and moved by the researcher. To illustrate 
this, in figure 4 a tracking point was placed on the instrument manually (figure 4A) 
after which the tracking program ran automatically. 48 milliseconds later, the tracking 
Table 4:  Automatic and calculated total path length in cm, difference in total pathlength in %, num-
ber of sudden movements and average speed.

Median Min Max
Automatic total path length (cm) 1594,95 949,91 3264,24
Calculated total path length (cm) 2134,99 1585,38 3515,76
Median difference in path length (%) 16,10
Automatic number of sudden movements 0 0 0
Calculated number of sudden movements 101 45 167
Automatic average speed (cm/s) 1,67 1,22 2,05
Calculated average speed (cm/s) 2,16 1,48 2,63
Median difference in average speed (%) 23,17
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point had moved to a pixel in the surrounding tissue (figure 4B).

Table 4 shows the automatic and manually calculated total path length, sudden in-
strument movements and average speed. The total path length and average speed 
manually calculated using formulas from Ganni, et al.’s article9 differed from the au-

Table 5 results of Patient Reported outcome Measures (PROMS) at 6 and 12 months postoperative in 
Arm 1, incontinent vs... continent.

Postoperative incon-

tinent patients (n=6) 

Median (min - max)

Postoperative conti-

nent patients (n=6) 

Median (min - max)

P-value Z-Value

6 months postoperative IPSS 

score

15 (0 - 19) 3 (0 - 5) 0.042 -2.032

12 months postoperative IPSS 

score

10 (6 - 16) 2 (0 - 5) 0.043 -2.023

6 months ICIQ score 15 (11 - 20) 0 (0 - 0) 0.027 -2.027
12 months ICIQ score 14 (12 - 17) 0 (0 - 0) 0.026 -2.232

Table 6 correlations between Kinovea measurements and postoperative Patient Reported outcome 
Measures (PROMS) at 6 and 12 months postoperative.

Total path length (cm) Average speed (cm/s)
Correlation p-value Correlation p-value

6 months postoperative IPSS score 0.035 0.913 0.311 0.324
12 months postoperative IPSS score 0.071 0.845 0.310 0.383
6 months ICIQ score 0.092 0.766 0.193 0.547
12 months ICIQ score 0.155 0.631 0.190 0.555

tomatically calculated results. The median difference in total path length was 16.10% 
and the median difference in average speed was 23.17%. This data has been sum-
marized in box-and-whisker plots in figure 5A and figure 5B.

Relation between Kinovea results and postoperative continence 
status
When comparing the 6 and 12 months postoperative IPSS and 6 months postoper-
ative EORTC QLQ-PR25 score the postoperative continent group had significantly 
lower IPSS scores and lower EORTC QLQ-PR25 scores at 6 and 12 months after 
surgery (Table 5). Based on the selection of patients the ICIQ score at 6 and 12 
months after surgery also showed a significant difference. 

When correlating the results of the manual Kinovea calculations to the postoperative 
Patient Reported outcome Measures (PROMS (i.e. the IPSS scores, EORTC QLQ-
PR25 scores, and ICIQ scores) no significant correlations were found (table 6). 
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Table 7: Kinovea metrics for each of the seven surgical steps defined in the PROTEST assessment 
method

RARP step Number of vid-

eos in which 

Kinovea data 

was available 

Median speed 

(cm/s) (min - 

max)

Median time 

analysed 

(seconds) (min 

- max)

Median phase 

duration 

(seconds) (min 

- max)

Median per-

centage of 

phase ana-

lysed (%) (min 

- max)
Pelvic floor 

muscle expo-

sure RIGHT

11 2.61 (1.69 – 

3.54)

9.12 (4.52 – 

80.96)

63 (35-202) 18.38 (4.04 – 

72.59)

Pelvic floor 

muscle expo-

sure LEFT

7 2.88 (1.93 – 

3.28)

18.56 (3.56 – 

44.64)

90 (25-138) 26.11 (5.93- 

51.31)

Pelvic floor 

muscle expo-

sure COM-

BINED

7 2.68 (1.88 – 

3.41)

36.40 (12.12 – 

125.6)

146 (60 – 289) 24.53 (9.23 – 

43.46)

Bladder neck 

dissection

12 1.89 (1.46 – 

2.28)

207.78 (99.44 

– 382.40)

447 (286 – 

1044)

41.14 (23.49 – 

62.06)
Ligation of 

prostatic pedi-

cles RIGHT

12 2.07 (1.38 – 

3.28)

28.48 (18.84 – 

73.12)

188 (74 – 435) 16.60 (9.88 – 

38.89)

Ligation of 

prostatic pedi-

cles LEFT

11 1.71 (0.95 – 

3.25)

21.92 (5.92 – 

50.40)

143 (53 – 370) 15.77 (4.14 – 

31.27)

Ligation of 

prostatic pedi-

cles COM-

BINED

11 1.81 (1.26 – 

3.00)

59.84 (26.00 – 

93.36)

281 (222 – 

805)

15.60 (7.67 – 

29.99)

Nerve preser-

vation RIGHT

9 2.18 (1.17 – 

2.47)

19.20 (4.04 – 

72.16)

113 (46 – 600) 12.03 (5.38 – 

61.48)
Nerve preser-

vation LEFT

7 1.51 (1.42 – 

1.93)

20.92 (2.88 – 

45.56)

190 (89 – 603) 8.72 (3.24 – 

21.90)
Nerve preser-

vation COM-

BINED

6 1.84 (1.29 – 

1.96)

52.34 (15.60 – 

96.48)

337 (228 – 

764)

11.82 (6.61 – 

16.68)

Management 

of prostatic 

apex/urethra

12 1.83 (1.17 – 

2.79)

125.62 (14.52 

– 281.64)

438 (211 – 

1070)

28.63 (6.88 – 

38.87)
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Relation between Kinovea results of different phases of the surgery 
and postoperative continence status 
Of the seven surgical steps defined in the PROTEST assessment method6 the me-
dian speed was highest during the pelvic floor muscle exposure on the left side (2,8 
cm/s) and lowest during nerve preservation on the left side (1,51 cm/s) (Table 7). 
The median percentage analysed was the highest during the bladder neck dissection 
(41.14%) and the lowest during the ureterovesical anastomosis (6.86%)6. 

The Kinovea results of the “Pelvic floor muscle exposure/opening of the endopelvic 
fascia” (table 8), and the “Vesico-urethral anastomosis” (table 9) phases to postoper-
ative PROMS showed no significant correlations. 

Vesico-urethral 

anastomosis

12 1.75 (0.98 – 

2.29)

38.58 (7.80 – 

187.28)

648 (386 – 

1093)

6.86 (1.40 – 

19.27)

RARP step Number of vid-

eos in which 

Kinovea data 

was available 

Median speed 

(cm/s) (min - 

max)

Median time 

analysed 

(seconds) (min 

- max)

Median phase 

duration 

(seconds) (min 

- max)

Median per-

centage of 

phase ana-

lysed (%) (min 

- max)

Table 7:Continued

Table 8 correlations between Kinovea measurements of the “Pelvic floor muscle exposure/opening of 
the endopelvic fascia” and postoperative Patient Reported outcome Measures (PROMS) at 6 and 12 
months postoperative.

Right side of the patient Left side of the patient
Total path length 

(cm)

Average speed 

(cm/s)

Total path length 

(cm)

Average speed 

(cm/s)
Correla-

tion

p-val-

ue

Correla-

tion

p-value Correla-

tion

p-value Correla-

tion

p-value

6 months post-

operative IPSS 

score

0.264 0.432 0.332 0.319 -0.504 0.249 0.502 0.251

12 months 

postoperative 

IPSS score

0.441 0.202 -0.072 0.844 -0.495 0.318 0.055 0.917

6 months ICIQ 

score

0.049 0.202 -0.072 0.844 -0.495 0.318 0.055 0.917

12 months ICIQ 

score

0.034 0.921 0.007 0.984 -0.642 0.120 0.040 0.933
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Table 9 correlations between Kinovea measurements of the “Vesico-urethral anastomosis” and post-
operative Patient Reported outcome Measures (PROMS) at 6 and 12 months postoperative.

Total path length (cm) Average speed (cm/s)
Correlation p-value Correlation p-value

6 months post-

operative IPSS 

score

-0.196 0.541 0.425 0.169

12 months 

postoperative 

IPSS score

-0.328 0.355 0.529 0.116

6 months ICIQ 

score

-0.318 0.313 0.006 0.985

12 months ICIQ 

score

-0.331 0.293 0.141 0.661
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Discussion
The aim of this study was to determine whether Kinovea is a valid tool for automat-
ed surgical movements tracking in RARP and if results could be used to evaluate a 
possible relation between surgical movements and postoperative urinary continence 
after RARP.

The value of automated assessment of surgical movements in 
RARP surgical videos using Kinovea
To answer if Kinovea is a valid tool for assessment of surgical movements in RARP 
surgical videos an analysis of 12 entire RARP procedures was performed by a 
trained researcher. The analysis itself was not technically challenging, after manual 
calibration, the researcher only had to position the tracking point on the most distal 
hinge of the instrument and press play.  

During automated analysis the videos had to be manually adjusted since Kinovea 
was frequently not able to run fully automatic.  In most instances the short distance 
between camera and tissue (level of zoom), the speed of the surgical instruments, 
tissue overlapping the instrument and the fact that the instrument has flexible joints, 
made it difficult to track the instrument correctly. These findings show that it is difficult 
to use Kinovea for assessment of surgical movements in RARP surgical videos. 

The group of Ganni, et al. was able to automatically track the instrument during sur-
gery with Kinovea. They checked a few minutes manually per video in order to con-
firm their results.9 We attempted to perform similar analysis in robot assisted surgery 
as in the study of Ganni, et al. The analysis was based on the same principal by 
relating the distance moved by the surgical instrument to the relative measurements 
of the instrument. In our study the frequent manual adjustments raised the need for 
continued monitoring by the researcher, this meant it was a very time-consuming 
method of analysis.

In this study we compared two forms of output from the Kinovea program, one form 
is the automated results (automated output) given by the Kinovea program, the other 
form of output was the calculated results based on the raw Kinovea data using the 
formulas as described in the study by Ganni, et al (manual output). An interesting 
finding was the lack of  sudden movements reported in the videos when using the au-
tomated output, which did not match the number of sudden movements found using 
the manual calculations based on the formulas used by Ganni, et al.9 The automated 
and manual total path length and average speed also did not match. 

These inconsistencies raise the questions why the outputs differ and which method 
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is more reliable. When checking these manual sudden movements, they appeared 
to be caused by manual repositioning of the tracking point on the instrument by the 
researcher after the tracking point had lost the instrument’s joint during automated 
analysis by the Kinovea program. During the assessment of the videos an average 
of 101 manual repositioning’s were registered. This makes the sudden movements 
unreliable for analysis in robot assisted surgery, which could mean the automated 
results represent a more accurate analysis of the surgical movements. The group of 
Ganni, et al did not report this problem, either because no manual repositioning was 
necessary in their study or because they did not manually review the entire surgical 
video9. 

Relation between Kinovea results and postoperative continence 
status
This study shows there is no relation between the motion tracking results and the 
continence status of this patients. The main reason could be the limited quality of the 
Kinovea Motion tracking results since on average less than a quarter of the videos 
could be tracked. Another explanation could be there is no relation between the total 
path length, average speed of the instrument and the continence status of the pa-
tient. 

Relation between Kinovea results of different phases of the surgery 
and postoperative continence status 
The correlation between Kinovea results of the “Pelvic floor muscle exposure/open-
ing of the endopelvic fascia”, and the “Vesico-urethral anastomosis” to the PROMS 
results also did not give any significant correlations. 

Since the value of the results using the Kinovea program is questionable the lack of 
correlation could be due to the fact that only limited parts of the surgery were ana-
lysed or it could mean the results obtained using Kinovea cannot be used to predict 
postoperative continence. Since the Kinovea software was not able to automatically 
assess surgical movements in RARP it proved to be an invalid tool for automated 
surgical movement tracking in robot assisted surgeries. 

Strengths and limitations. 
To our knowledge this is the first study into the possibilities of using existing surgi-
cal videos of real RARP procedures to identify the effects of surgical movements on 
postoperative outcome.  This study shows the results of the first use of Kinovea as a 
software based surgical motion tracking tool in robot assisted surgery. Although the 
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assessment of the movements using kinovea was time consuming and had its chal-
lenges, Kinovea does give the researcher the means to simultaneously assess the 
anatomy during analysis of the surgical videos. One of the alternatives to Kinovea, 
the dVlogger, only provides raw movement data without the ability to correlate this to 
the surgical videos.8

The data represented in this study are the results of the parts were automated 
tracking was possible, no data was interpolated. During tracking the software was 
frequently not able to follow the selected pixels correctly, which was then manually 
corrected by the researcher by moving the tracking point back to the originally select-
ed point on the instrument. The movement data due to the repositioning of the tracker 
point was deleted from the data after manual verification and checking of the path in 
the video file. 

The place of the surgery within the learning curve of the surgeon could influence the 
results of this type of analysis. Other studies have shown that arm movement anal-
ysis can be used to separate beginning surgeons from experts.9,16 In this study the 
selection of cases has been adjusted to take into account when the surgery was per-
formed in order to reduce the influence of learning curve on the results of this study. 

The Kinovea program was able to assess surgeons’ skills using existing surgical vid-
eos rather than in a simulator, without needing extra equipment for movement track-
ing in laparoscopic surgery.9 The analysis in robot assisted surgery does not appear 
to be as valid as the analysis in laparoscopic surgery. In Robot assisted surgery the 
frequent manual replacement and moving of the tracking point during the Kinovea 
analysis adds a subjective component to an otherwise objective measurement.  

Further research with larger groups of patients and a different automated tracking 
system is needed in order to investigate the relation between surgical movements, 
surgical skills, and postoperative outcomes.  A combination of video assessment and 
dVlogger data could hold the key to find metrics related to postoperative outcome. To 
the knowledge of this group no such analysis method is currently available to be used 
in a retrospective analysis without additional equipment for tracking the movements. 
The use of artificial intelligence in combining both video assessment and surgical 
movements assessment could eliminate human interference and lead to an objective 
and automated assessment of the surgical video. 
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Conclusion
Kinovea can be used to retrospectively assess instrument movement in laparoscopic 
surgery without requiring extra equipment9. In this study Kinovea was used to assess 
if this software could be used to automatically measure surgical movement in robot 
assisted radical prostatectomy videos. Based on the results of this study, because of 
a more close-up camera position for robotic as compared to laparoscopic surgery, the 
speed of the surgical instruments, tissue overlapping the instrument, and the fact that 
the instrument has flexible joints, the Kinovea software cannot be used to automati-
cally assess surgical movements in RARP surgical videos. 
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Appendix

Appendix 1 matching scores per pair of patients. 
The patients were matched based on age (difference of < 5 years = 1 matching point), BMI (differ-
ence <3 points = 1 matching point), date of the surgery (difference <90 days = 1 matching point), 
and preoperative intentions of saving the neurovascular bundles during surgery on both sides (NVB 
sparing the same in bot patients = 1 matching point). 

Study # incontinent

Study # continent pair

D
ifference O

R
 date 

(days)

M
atch point O

R
 date 

D
ifference BM

I (points)

M
atch point BM

I

D
ifference age (years)

M
atch point age

D
ifference N

VB 

M
atch point N

VB

Total score m
atch point

M
atched pair selected 

(yes/N
o)

82 84 38 1 1.20 1 3 1 None 1 4 Y

212 213 1 1 2.05 1 3 1 None 1 4 Y

140 143 42 1 1.45 1 13 0 None 1 3 Y

167 153 89 1 0.59 1 4 1 None 1 3 Y

116 107 90 1 0.44 1 7 0 None 1 3 Y

147 155 130 0 1.42 1 1 1 None 1 3 Y

128 129 7 1 1.23 1 1 1 None 1 4 N

136 141 50 1 0.15 1 10 0 None 1 3 N

140 155 203 0 0.88 1 7 0 None 1 2 N

32 30 2 1 0.13 1 13 0 None 1 3 N

200 178 276 0 0.02 1 2 1 None 1 3 N

116 121 49 1 5.13 0 0 1 None 1 3 N

A total 12 possible match pairs were identified for the 10 incontinent patients. The match pairs 82/84, 
128/129, and 212/213 were chosen because of their maximum match score of 4. During review the 
video of patient 129 did not work, this was a reason to exclude this matched pair and replace it with 
another matched pair. Individual patients were part of multiple matched pairs in case of five matched 
pairs (147/155, 140/155, 140/143 and 116/121, 116/107). Of these matched pairs 140/155 was not 
chosen because match pair 140/143 matched better on date of the surgery which reduces the in-
fluence of the learning curve on the postoperative results. Match pair 147/155 was chosen because 
there is a shorter interval between dates of the surgery compared to 140/155. Match pair 116/121 
was not chosen because match pair 116/107 matched similar on date of the surgery and better on 
BMI of the patient which could reduce the influence of BMI on the postoperative results. The match 
pairs 140/143, 167/153, and 116/107 were chosen because they matched on the date of the surgery 
and BMI. Match pair 200/178 was not chosen because of the large interval between dates of the sur-
gery which could increase the influence of the learning curve on the postoperative results. 
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General discussion
This thesis focusses on the training and assessment of surgical skills in robot assisted 
surgery. In the past years the introduction of new technologies such as the surgical ro-
bot has resulted in an increasing number and a large variation of procedures together 
with an enhance level of levels of technical difficulty . The challenge for both novice 
and expert surgeons is to safely learn how to perform new surgical procedures and 
to integrate these technologies into existing surgeries. To be sure that these new pro-
cedures are safe for patients, surgical practise directed at the new methods of quality 
assurance should be developed and investigated to guarantee the proficiency of the 
surgeon and improve surgical outcome. An example of a novel method of quality as-
surance is the analysis of sugical performance by means of video’s to find out how to 
improve surgical procedures 

The aim of this thesis is twofold. First, is to gain insight into the training and assess-
ment of surgical skills of both novice and expert surgeons in robot assisted surgery. 
Second, is to clarify the relationship between performance of expert robot surgeons 
and postoperative patient outcomes.  

The main research questions of this thesis are: 

1. What are the best methods to educate novice surgeons in robotic surgery?

2. How can the performance of robotic surgeon’s best be assessed? 

3. What is the relation between a surgeon’s performance and a patient’s postoperative 
outcomes?

We will discuss the main findings of the thesis per research question, and highlight 
methodological considerations. We conclude this chapter with a reflection on the main 
findings of this thesis in relation to the current literature and recommendations for fu-
ture research and clinical practice. 

Research questions 2 and 3 are intrinsically linked, in this thesis we first researched 
the best method for the assessment of surgical performance using surgical video as-
sessment (research question 2). The results of research question 2 form the basis for 
the research into question 3 in which we compare the surgical performance results to 
the patient’s postoperative outcome. 

What are the best methods to educate novice surgeons in 
robotic surgery?
The studies presented in this thesis show that there is a need for structured training in 
robot assisted surgery (RAS). General guidelines and certification criteria have been 
set for laparoscopic surgery in the form of the European Basic Laparoscopic Urological 
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Skills (E-BLUS) examination,1–3 but, no such guidelines exist for RAS. 

Since no set criteria or guidelines exist, most novice robot surgeons are left to their 
own devices when first learning robot assisted surgery. In this thesis we investigated 
to what extent novice robot surgeons were able to self-assess their own knowledge 
and dexterity skills. The results showed novice robot surgeons are overconfident in 
the self-assessment of their own dexterity skills after a 1-day training in robot assisted 
surgery (with the danger of self-assessment bias). This shows novice robot surgeons 
should be informed about their competence levels after surgical skills training in order 
to reduce the chances of self-assessment bias. 

There are different forms of feedback to inform novice surgeons of their competence 
levels during surgery. Examples are simulator generated guidance (instructions and 
guidance by the virtual reality (VR) simulator) and human proctoring (instruction by an 
expert surgeon). The effect of these methods of feedback on dexterity skills acquisition 
and participants satisfaction during surgical skills training in novice robot surgeons 
was investigated in this thesis. The results show that novice surgeons can significantly 
increase their dexterity skills in RAS after 2 hours of practicing on a VR simulator. The 
impact of “human proctoring” seems to be limited compared to “VR simulator gener-
ated guidance” on the acquisition of dexterity skills during the initial phase of surgical 
simulation training since there is no significant difference between the groups. The par-
ticipant satisfaction was slightly higher in the “human proctoring” group. The exposure 
of novice surgeons to the robotic surgery simulator alone could possibly be sufficient to 
significantly improve dexterity skills during the initial steps of RAS learning. 

Since, no set criteria or guidelines exist in the Netherlands for starting RAS, it is para-
mount to gain insight into the current state of RAS training during the urology residency. 

The results of this thesis show that criteria for starting RAS differ significantly among 
teaching hospitals. Questionnaires among all Dutch urology residents show a large 
portion of residents are allowed to participate in RAS during their residency, after com-
pleting a variable set of criteria. In order to provide a standardised training for urology 
residents an advanced course in RAS was organised. The results of the residents who 
were selected for this course showed a significant improvement in their surgical skills 
during the course. The implementation of a (multi-step) training and certification pro-
gram in the Dutch residency curriculum in urology should be considered. It should be 
the obligation of teachers/supervisors to ensure a novice surgeon is trained and certi-
fied in the skills of RAS4 before they perform their first surgery on a patient.  Although 
there has been little research into the effects of surgeon training on the postoperative 
outcome of patients5,6 structured training should be implemented to ensure a basic 
skills level for all novice surgeons in order to reduce the risks on complications for the 
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patient.7–9 

The results of a survey among participants in the structured fellowship in RAS (CC-
ERUS fellowship) showed most respondents still perform RAS after the fellowship, 
which matches results from other studies into the impact of RAS fellowships.10,11 A re-
markable finding of this study is that a large proportion of respondents are unaware of 
the oncological (33%) and functional outcomes (66%) of their patients. This shows the 
participants of RAS fellowships should be urged to review their own results in order to 
learn from their past performance to improve their future surgical results. 

How can the performance of robotic surgeon’s best be as-
sessed? 
The studies performed in this thesis show technical skills assessment can be per-
formed using multiple methods. Where the skills of novice surgeons are commonly 
assessed using the virtual reality simulator, expert surgeon’s commonly use surgical 
video assessment and postoperative patient outcome analysis. In order to use the sur-
gical video as an assessment method, the steps of the Robot Assisted Radical Prosta-
tectomy (RARP) surgery must be defined to relate adverse postoperative outcome and 
complications to steps in the surgical process. 

In this thesis the steps of the RARP surgery and corresponding peri-operative events 
with a possible effect on postoperative outcome (urinary continence and potency) of 
patients were defined. A new assessment template, the PROTEST assessment meth-
od, was designed based on these findings. Although several assessment methods ex-
ist these methods only focus exclusively on aspects of surgical skills assessment12–14. 
The PROTEST assessment method combines subjective surgical skills assessment, 
objective metrics of procedural steps, and events in one assessment method. 

The analysis of technical surgical skills in RAS can lead to, mayor improvements of 
postoperative outcomes through the introduction of mandatory periodical assessment 
and training programs.15 However, the influence of Non-Technical Skills (NTS) such 
as communication, teamwork, leadership, and situational awareness on postoperative 
outcomes should not be forgotten. In this thesis we present a study protocol describing 
a prospective observational multicentre study into non-technical-skills (NTS) in both 
Open Radical Cystectomy (ORC) and Robot Assisted Radical Cystectomy (RARC). 
We propose a structured approach to NTS assessment using video and audio re-
cordings from the operation room to be able to implement all different NTS scoring 
methods.16–21 The results of this study can be used to develop team-training programs 
specifically tailored to the introduction of the surgical robot in relation to changes in 
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Non-Technical Skills. 

A survey among robot surgeons shows while surgical video assessment was tradi-
tionally only used in research, it is now accepted as a method of quality assurance 
and self-reflection in daily practice. Most surgeons use postoperative patient outcome 
analysis to learn from their past performances. They use edited surgical videos during 
team meetings in order to gain insight into the specific facets (e.g., surgical steps) of 
RARP in relation to postoperative complications and functional outcomes (i.e., urinary 
continence and erectile function).

What is the relation between a surgeon’s performance and a patient’s 
postoperative outcomes?
Although surgical video assessment is increasing in popularity, most methods used are 
still time consuming, subjective and cumbersome. The search for more objective and 
quicker assessment methods such as automated analysis of the movements of surgi-
cal instruments has been difficult. Multiple templated assessment methods (GEARS, 
PACE, and PROTEST) have been designed, although these assessments are still 
subjective, they do help the assessor as a guide for surgical skills assessment. 

In this thesis we investigated the usefulness of standardised templated assessment 
methods (the PROTEST, PACE14 and GEARS12 assessment methods) for the predic-
tion of postoperative outcomes. None of the factors in these standardised templated 
assessment methods could be used to predict the urinary continence or potency status 
of the patients. In contrast to a study by group of Stern et.al.22, the results do show 
expert surgeons are able to predict the postoperative continence or potency status 
of their patients. The results of both studies show expert focus on the quality of the 
neurovascular bundles in case of potency, and the length of the urethral stump after 
resection in case of urinary continence in order to predict postoperative outcome. 

Further research was performed to objectively assess the influence of the urethral 
stump length on postoperative continence.  The residual urethra stump has effects on 
urinary continence after a RARP. These findings show the residual urethra stump was 
significantly longer in the continent group compared to the incontinent group (10,50 vs 
12,94 mm, p= 0.018). Although this relation was proven in previous studies using MRI 
images23,24 and pathology results25, we demonstrated that it is possible to measure the 
residual urethra stump during surgery. If the technique can be adapted for use during 
surgery instead of in pre-recorded surgical video’s, it will be possible to measure the 
urethral length during surgery in order to adapt surgical techniques to spare as much 
urethral length as possible. 

Further research into the objective assessment of surgical skills was done by investi-

Proefschrift 20230318 met bijlagen.indd   332Proefschrift 20230318 met bijlagen.indd   332 30-03-2023   20:2930-03-2023   20:29



 333

General discussion, conclusions, and future perspectives

gating the possibility to automatically assess instrument movements in pre-recorded 
videos of RARP patients. This type of analysis was used to investigate if the move-
ments of the surgical instrument could predict the functional outcome of the surgery. 
The software can track instrument movements in laparoscopic surgery without requir-
ing extra equipment.26 

The results presented in this thesis show this software cannot be used in RAS. The 
speed of the surgical instruments, tissue overlapping the instrument and the fact that 
the instrument has flexible joints, made it impossible to track the instrument move-
ments in pre-recorded videos. 
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Methodological considerations
This thesis is divided in three themes, the training of novice robot surgeons, the perfor-
mance assessment of expert robot surgeons, and the investigation of the relationship 
between a surgeon’s performance and a patient’s postoperative outcomes. 

A limitation of the studies in this thesis is the use of multiple surveys to gain insight into 
the experiences of trainees after standardised surgical training programmes, effects 
of interventions and opinions of robot surgeons. Although the response rate on these 
surveys was high, the missing responses always form a potential source of bias. The 
addition of interviews to some of the questionnaires might have resulted in richer data 
and a higher response rate, but this also could have resulted in more socially desira-
ble answers. Participants for the survey studies were carefully selected, although this 
careful selection inherently leads to selection bias this choice was made to gain a clear 
insight into the opinions of experts or the experiences of novice surgeons. Most of 
the questionnaires used in this thesis were specifically created for this thesis since no 
pre-validated questionnaires exist on these subjects. A group of 7 experts were asked 
to assess the face validity of each questionnaire.

A major strength of this thesis is our multidisciplinary approach (multiple urologists, a 
professor with expertise in Learning and Instruction, and a professor with expertise in 
patient safety) to our research questions as we focus on training and skills assessment 
from different perspectives to provide a complete overview of the possible answers for 
the main questions of this thesis. 

The evaluation of surgical skills was performed either by use of a virtual reality sim-
ulator, which may provide objective measurements, or by video analysis with a more 
subjective assessment. We have tried to implement objective assessment methods 
of surgical video analysis in this thesis but technical limitations (because of a more 
close-up camera position for robotic surgery as compared to laparoscopic surgery, the 
speed of the surgical instruments, tissue overlapping the instrument, and the fact that 
the instrument has flexible joints) resulted in difficulties with automated assessment of 
surgical movements. The objective measurement of the urethral length was successful 
although the accuracy of method of measurement is dependent on the level of training 
of the assessor. All other in literature described methods for video analyses are more 
subjective methods of assessment since they required action (assessment of videos 
using assessment templates) by the researcher. None of the results of the templated 
assessment methods could be used to predict the patient’s postoperative outcome. 
Reason for this might be that the surgical procedures analysed were performed by 
one single surgeon who is an expert in the field of RAS and has performed over 2000 
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RARP surgeries to date. Since this surgeon is an expert in RAS less variation in surgi-
cal skills is expected which could be the reason no factors for predicting postoperative 
outcome were found using surgical skills analysis. The additional analysis of surgical 
procedures from various surgeons with different skill levels could provide insights into 
the effects of differences in surgical skills on postoperative outcomes. 
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Reflection and future recommendations
The challenge for novice surgeons is how to learn new surgical procedures in the best 
possible way, and for expert surgeons how to continuously improve individual perfor-
mance by analysing past performances and subsequently use this as a lesson for the 
future. 

What are the best methods to educate surgeons in robotic surgery? 
No general training guidelines and certification criteria for Robot assisted surgery 
(RAS) have been set by European, American or National associations for urology. In 
contrast to laparoscopic surgery where the European Basic Laparoscopic Urological 
Skills (E-BLUS) examination1–3 have been accepted, no such initiatives are currently in 
place for RAS. We showed there is a large difference in the criteria for novices starting 
RAS between training hospitals in the Netherlands. This shows, in order to guarantee 
a basic level of RAS skills, there is a need for the implementation of general guidelines 
and certification criteria. 

Although not all residents will perform RAS in their future careers a basic level of RAS 
skills should be acquired to ensure the residents get acquainted with the possibilities 
of RAS and are able to counsel patients on RAS surgeries. The certification of resi-
dents1–3 needs to be a mandatory step in the residency curriculum, like the E-BLUS 
examination, to ensure patient safety and reduce the risks for patients.7 

To implement training guidelines and certification criteria for starting RAS multiple con-
ditions should be met: validated training curricula should be available, certification cri-
teria need to be set, and the acceptance and feasibility in the clinical practice should 
be investigated. When implementing an advanced RAS training program for residents 
the question remains whether all residents should learn how to perform RAS and if not 
whom we should train. 

According to literature, the training of RAS can be stratified by content of training (i.e., 
system training and procedural training)27–29 or by phase of the training (i.e., the pre-
clinical phase, the bedside assistant/table side assistant phase, the operative console 
phase).27,30 These different methods of training stratification can be used as a template 
for the design of a multi-step modular structured training program for RAS.  

The implementation of a multi-step modular training program could be a first start in the 
creation of general training guidelines and certification criteria. This multi-step training 
program should start with a basic RAS skills training consisting of hands-on training 
combined with theoretical information on the aspects of the robot system (i.e., the pre-
clinical phase or system training), and basic surgical skills for RAS (ii.e., draping and 
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docking and simulation training). A theoretical basis for this training can be found in the 
basic proficiency requirements for RAS as designed by Porte et.al.4 After this basic 
training, certification of participants should be pursued. Residents with this certificate 
should be allowed to start the first steps of RAS in a training hospital under strict su-
pervision of an expert RAS surgeon. This could also mark the start of the procedural 
training or table side assistance phase of training. In the Certified Curriculum of the 
European Association of Urology Robotic Urology Section (CC-ERUS) fellowship par-
ticipants must do a 4-week mandatory live case observation and table side assistance 
training prior to an advanced robotic skills course.31 In a modified form and duration 
this could also be implemented in a residency program. Literature suggests novice sur-
geons should do a minimal of 10 procedures as table side assistant32,33 before starting 
surgery using the surgical robot.

Certification criteria for basic RAS surgical skills should be developed following a simi-
lar process as laparoscopic surgery, i.e., the Program for Laparoscopic Urologic Skills 
(PLUS) or European Basic Laparoscopic Urological Skills (E-BLUS) examination1–3. 

The basic RAS training should be followed by an advanced training in RAS, in the form 
of a specialty specific or surgery specific training containing different aspects of VR 
simulation, dry lab training and wet lab training including animal models. The advanced 
training ensures participants to learn how to perform the surgery and how to react to 
complications such as bleeding of major vessels. This training could be completed 
either by VR simulator assessment or surgical video assessment. The completion of 
this advanced training module should result in a certificate, marking the start of the 
operative console phase of training.

Since this training program is modular a choice can be made to only allow residents 
with a specific interest in RAS to participate in the advanced RAS training module. The 
basic RAS training should be provided for all residents since the skills learned in this 
module are paramount for a safe use of the surgical robot. Without completing the ba-
sic RAS training, residents should not be allowed to be a bedside assistant during RAS 
surgery, nor take their first steps in RAS under supervision of an expert RAS surgeon. 

Another possibility would be the development of a training curriculum based on profi-
ciency-based training, in which the learner can only proceed to the next step after ac-
quiring a specific proficiency level during training. In contrast to conventional training, 
this training method allows for the possible variability in the learning curve of a novice 
surgeon. Where in conventional training all novices receive the same time to train a 
specific aspect of the task, in proficiency based training the novice is only allowed to 
progress to the next training level if the previous task is performed consistently to a 

Proefschrift 20230318 met bijlagen.indd   337Proefschrift 20230318 met bijlagen.indd   337 30-03-2023   20:2930-03-2023   20:29



338

Chapter 13

certain pre-defined standard.34 Recent studies into this method of training have shown 
it is possible to implement this method of training in novice surgeons courses and in 
train the trainer courses.34–37  The addition of a proficiency-based training aspect to a 
multi-step training program should ensure that all trained surgeons meet the same 
quality standards and are able to perform the same tasks at the end of their training 
curriculum.

This proficiency-based multi-step training program could be the start of a lifelong learn-
ing program for RAS surgeons. The multi-step training program described above is 
based on the Dreyfus Five-Stage Model of Adult Skills Acquisition.38 It contains the 
novice (basic RAS training) and advanced beginner (advanced RAS training) stages. 
In order to reach the proficient, expert and master stages further training should be 
provided in the form of a fellowship or as a lifelong learning program as described by 
Jones et al.39,40 With the introduction of new RAS systems this format of training could 
also be the basis for the training curricula for these new robots assisted surgery sys-
tems.41

How can the performance of robotic surgeon’s best be assessed?
A challenge for the implementation of lifelong learning programs is the assessment 
of experts. Where surgical skills of novice surgeons are commonly assessed using 
virtual reality simulators, experts’ surgical skills assessment is commonly based on 
the analysis of surgical videos or postoperative patient outcome analysis. Although 
postoperative patient outcome analysis gives a crude overview of the outcomes of the 
surgeries performed by the surgeon, there are a lot of confounders to consider in this 
type of analysis. The postoperative patient outcomes are not entirely determined by 
skills of the surgeons since patient characteristics such as prostate weight, age of the 
patient and the BMI of the patient are known to influence the postoperative outcome.15 

Analysis of the intracorporal video does give insight into the technical or surgical skills 
of a surgeon. However, most assessment methods are highly subjective since they 
are observer based templated assessments (i.e., GEARS12, GERT13, and PACE14). 
Furthermore, the structural assessment of skills using observer based templated as-
sessments methods is impractical due to the level of training needed for accurate 
assessments. 

Novel assessment methods need to be developed to allow for objective and consist-
ent assessment of expert’s surgeons’ skills. The group of Hung et al has made the 
first steps in using Artificial Intelligence (AI) as a novel method of surgical skills anal-
ysis.42–44 Their research shows that it is possible to identify differences in skill levels 
among surgeons and correlate these results to postoperative outcome.42,44 Which is a 
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promising start. Machine learning (ML) can be implemented in the field of surgical skills 
analysis for a multitude of tasks which were until now, performed manually. 

In line with the review by Andras et al. we believe AI will have a growing presence in 
the operating room45   AI will not only assist in the assessment of technical surgical 
skills but also in Non-Technical skills (NTS) assessment.46 Further development of 
organ recognition in combination with the use of imaging modalities as MRI and CT-
scans could eventually result in the development of surgical devices which can provide 
intraoperative navigation using augmented reality based on MRI or CT-scan data. This 
could ensure the surgeon removes the organ or tumour with clean surgical margins 
and the maximum respect for the surrounding tissues. It is even conceivable the imple-
mentation of AI will lead to the development of a surgical robot that can operate with 
less or no human interference using tissue and landmark recognition.47,48 

The relation between physician performance and patients’ postoper-
ative outcomes
To date, little research has aimed to correlate technical skills assessment using surgi-
cal videos to the patient’s postoperative outcome15,42,44,49,50. The difficulty of this field of 
research is identification of the factors involved in prediction of postoperative outcome. 

In this thesis, multiple techniques of surgical video analysis have been investigated to 
identify factors involved in the origins of postoperative incontinence and erectile dys-
function. If these analyses of pre-recorded surgical videos could be fully automated us-
ing DL and AI objective assessment could be implemented, leading to further insights 
into the surgeon’s performance. The group of Hung et al. has performed multiple stud-
ies into this new field of research.42,44,51 These initial studies using machine learning 
and automated performance metrics have resulted in new insights into the effects of 
surgeon’s performance on post-operative outcome.42,44  

Based on the current assessment of the surgical videos by expert surgeons the length 
of the urethra and the quality of the neuro-vascular bundles could respectively affect 
incontinence and erectile dysfunction. The relation of the per-operatively measured 
length of the urethra and postoperative continence has been proven in this thesis. The 
possibility of urethral length measurements in previously recorded videos (surgical vid-
eos of older surgeries) could revolutionize the field of surgery. If DL and AI can be used 
to recognize structures in the surgical video, the length of the residual urethra stump 
could be measured accurately and automatically. If this is done in previously recorded 
surgical videos, the next step will be to implement automated measurements during 
surgery, enabling the surgeon to maximize the length of the residual urethra and thus 
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maximizing the chances of continence for the patient. This type of research can result 
in a personalised prediction model combining patient factors and surgical skills data 
for postoperative incontinence and erectile dysfunction. The combination of technical 
skills analysis and non-technical skills (NTS) analysis could help improve postopera-
tive outcomes even further. The implementation of non-technical skills analysis could 
possibly be used to develop team-training programs specifically for the introduction of 
the surgical robot in relation to changes in NTS, thus reducing the chances of compli-
cations due to failure in NTS. 

Key future recommendations
• A proficiency-based multi-step training program could be the start of a lifelong 
learning program for RAS surgeons. 

• Novel assessment methods need to be developed to allow for objective and 
consistent assessment of expert’s surgeons’ skills.

• The possibility of urethral length measurements in previously recorded videos 
could revolutionize the field of surgery. If Deep Learning and Artificial Intelligence can 
be used to recognize anatomy in the surgical video, the length of the residual urethra 
stump could be measured accurately and automatically.

• The implementation of non-technical skills analysis could possibly be used to 
develop team-training programs specifically for the introduction of the surgical robot 
in relation to changes in NTS, thus reducing the chances of complications due to 
failure in NTS, and improving postoperative outcomes.
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Healthcare is constantly moving towards the improvement of quality of care and 
safety for patients. In the Netherlands, increasing attention is being paid to the relo-
cation of complex treatments such as different types of robot assisted surgery (RAS) 
to high-volume centres as it is expected to improve the quality of care and increases 
patient safety due to the increased exposure of surgeon and staff.1–4 The question 
remains whether the higher number of surgical procedures per hospital or the quality 
of the surgeon influences the patients outcome. There are large variations in postop-
erative complication rates amongst surgeon with similar surgical volumes per centre 
or even in the same centre.5,6 The qualification and certification of RAS skills are still 
in a preliminary phase within all surgical specialties, also in urology. 

The introduction of the surgical robot resulted in increasing technical difficulty of 
these robot assisted surgeries. New methods of training for novice surgeons (resi-
dents and fellows) in these highly specialised techniques should be implemented to 
guarantee patient safety.7 Where general guidelines and certification criteria have 
been set for laparoscopic surgery in the form of the European Basic Laparoscopic 
Urological Skills (E-BLUS) examination,8–10 no such guidelines exist for RAS.

The challenge for novice surgeons is how to learn new surgical procedures and once 
the procedure is learned and they become experts how to analyse past performances 
and subsequently use this as a lesson for the future. 

The first part of the thesis focuses on the following research question: 

What are the best methods to educate surgeons in robotic surgery?
In response to the introduction of RAS multiple organizations and physicians have 
called for the development of structured training and basic qualifications for sur-
geons.11–17 Although multiple structured training curricula have been developed14–16,18,19 
currently no general criteria are set for starting RAS.  If no structured training pro-
gram or set of basic criteria are provided novice surgeons will design their own train-
ing program based on their own perceived lack of knowledge.20,21 The novices own 
perceived lack of knowledge and skills can be influenced by overconfidence biases, 
an over-assessment of skills which can results in a hiatus of training. To provide a 
guideline for the basic competence level needed to safely perform robotic surgery the 
‘Basic proficiency requirements for the safe use of robotic surgery’ (BPR) was devel-
oped by the NIVEL.11 

The results of a one-day training in basic RAS based on the BPR are presented in 
chapter 2. The training consisted of all important aspects of system training (contain-
ing different modality’s of training, i.e., hands-on training combined with theoretical 
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information) as indicated by previous research.17 During this training novice surgeons 
were asked to self-assess their own knowledge and surgical skills  to assess if novice 
surgeons are prone to overconfidence biases and over-assessment of skills whilst 
learning RAS. After participating in the training, the participants were asked if they 
possessed all competencies described in the BPR.11 We found novice robot surgeons 
were too positive in the self-assessment of their own surgical skills after a training in 
RAS. This is in line with previous studies describing overconfidence biases.22,23 To 
prevent overconfidence biases the novice surgeons should be provided with feed-
back to inform them about their results to enhance learning and inform them of their 
competence levels. 

One method of feedback commonly used in training surgical skills is proctoring. Proc-
toring is a form of training where an experienced trainer supervises the trainee during 
the procedure and provides real-time feedback, in order to guide and assist the train-
ee during the acquisition of new skills.24 Proctoring is widely used in the operating 
room to train novice surgeons but is scarcely implemented in simulator based training 
due to time consumption and related costs.17,25,26 An alternative to human proctoring 
is the interactive task and procedural guidance by the simulator (Simulator generated 
guidance (SGG)) SGG is an option available on the newest simulation systems. SGG 
is provided by the VR simulators to guide the trainee through  the steps of a surgical 
procedure using visual cues.27 An advantage of SGG is the possibility to assess the 
effect of various training curricula on the progress of the surgeon’s surgical skills. 
Effective training and assessment of performance are fundamental for surgeons to 
reach their goals and operate safely.13,28 Chapter 3 focusses on the effects of proc-
toring and SGG on surgical skills acquisition and participant satisfaction during sur-
gical skills training in novice surgeons. We show that surgical skills in RAS can be 
significantly increased after practicing basic and advanced simulation exercises for 
two hours on a VR simulator. This is consistent with the findings of Brinkman et al.29 
Although the participant satisfaction seems to be higher in the “human proctoring” 
group. The lack of difference in acquisition of surgical skills between the intervention 
groups seems to indicate there is a limited impact of “human proctoring” and “simu-
lator generated guidance” during the initial phase of surgical simulation training. The 
exposure of novice surgeons to the robotic surgery simulator alone could possibly be 
enough to achieve a significant improvement of surgical skills during the initial steps 
of training RAS. 

Although VR simulators have a substantial place in the training of RAS only limited 
studies have proven the transference of skills learned during VR simulator training to 
real life situations.30,31 This is why, even though VR simulators are an integral part of 
most structured curricula, other modalities of training  (dry lab and wet lab training) 
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should be used .16 

The European Robotic Urological Society developed a curriculum for fellows 
(CC-ERUS) focused on the performance of robot-assisted radical prostatectomy 
(RARP).15,16,18,19 This curriculum includes all the aspects of training, from the most 
basic ones as live case observation and table-side assistance, to the most advanced 
training facilities as virtual reality (VR), dry and wet lab with the most complex and 
advanced training models available today. Currently, this curriculum is available for 
fellows who train in CC-ERUS host centres. The implementation of training curricula 
for fellows is a step into the right direction, the next step is the implementation of a 
structured curriculum during the residency program. 

The current state of RAS training during the urology residency and the impact of the 
advanced course in RAS for residents are investigated in chapter 4 of the thesis. 
This chapter shows that most Dutch residents are allowed to perform RAS during 
their residency, but criteria for starting RAS differ significantly among the teaching 
hospitals. This shows there is a need for the implementation of a (multi-step) training 
and certification program in the Dutch urology residency curriculum. The advanced 
course in RAS could meet this need. The provided training is the advance robotic 
skills course as described by Mottrie et al.18 Residents who participated in this week 
long course show a significant increase in surgical skills. The results of this study 
show almost all the trainees are allowed to perform RAS in their own hospital after 
the course. Even though the effects of this week long advanced course in RAS on 
postoperative outcome of patients remains unclear, initial results of the CC-ERUS 
curriculum show the completion of the ERUS curriculum leads to an improvement in 
oncological and functional outcome in patients.32,33  

In chapter 5, the long-term effects of the structured fellowship in RAS (CC-ERUS 
fellowship) are investigated. The results of the survey showed that most respondents 
still perform RAS after the fellowship, which matches results from other research 
into the impact of RAS fellowships.34,35 A remarkable finding of this study is that a 
large proportion of respondents is unaware of the oncological (33%) and functional 
outcomes (66%) of their patients. Thus, participants of RAS fellowships should be 
coached to review their own results to learn from their past performance and reduce 
their learning curve. The addition of a portfolio to the curriculum in which the partic-
ipants record their progress could improve the participants awareness of their pa-
tient’s postoperative outcome.

The additional costs of training a new surgeons in RAS varies between 95.000 and 
1.365.000 dollars depending on the length of the learning curve.7,36 The implemen-
tation of a structured training curriculum does not only reduce possible risks for the 
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patient7,37–39  it is also cost effective if it reduces the duration of the learning curve. 
Since the average learning curve of RARP surgeons described in the study by Stein-
berg et al. is 77 cases costing 217.034 dollars a minimal reduction of the learning 
curve could cover the cost of the advanced course in RAS.36 Currently the effect of 
structured training on the learning curve remains unclear since the study presented 
in chapter 5 is a survey no accurate data on the learning curve of the participants is 
presented. The results do show more than half of the participants performed between 
52 and 130 (partial) RARP cases during their fellowship, one third of the participants 
even performed more than 130 (partial) RARP cases during the fellowship, this could 
mean some fellows have passed the learning curve during the fellowship under the 
tutelage of experienced surgeon in a Host centre.7,37–39   

The second part of the thesis focuses on the following research question: 

How can the performance of robotic surgeon’s best be assessed?
The use of surgical video assessment to relate a surgeons skills to the patients 
post-operative outcomes has been proven in the past.40,41 The analysis of intraopera-
tive videos allows for detailed analysis and assessment of surgical skills. The Robot 
Assisted Radical Prostatectomy (RARP) is a laparoscopic procedure in which the 
intra-corporeal images can be recorded. The RARP is one of the most performed 
procedures in urology. For this reason, we chose the RARP procedure to start with 
the development of surgical skills assessment using surgical video analysis. A de-
tailed step-by-step description of the surgery is needed to use the surgical videos for 
the assessment of surgical skills and the detection of adverse outcomes. 

The study presented in chapter 6 shows the steps of the RARP surgery which expert 
robot surgeons believe are of interest in finding the origins of adverse postoperative 
outcome and complications. During a Delphi session, peri-operative events that could 
influence the postoperative outcome (urinary continence and potency) were defined. 
A new assessment template, the PROTEST assessment method, was designed 
based on these findings. 

The PROTEST assessment method is the only assessment method which combines 
subjective surgical skills assessment, objective metrics of procedural steps and 
peri-operative events in one assessment method. 

Examples of other template-based video assessment methods are the Prostatectomy 
Assessment and Competency Evaluation (PACE)42 and the Global Evaluative As-
sessment of Robotic Skill (GEARS)43 method. The  PACE method developed by the 
group of Hussein et.al.42 has its focus on objective and procedure specific assess-
ment of skills. The GEARS method can be used to differentiate levels of robotic sur-
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gical expertise in live surgeries and videos of (robot assisted) laparoscopic surgery.43 
These assessment methods are currently used to assess the effectiveness of training 
(PACE)42 or the basic surgical skill (GEARS)43.

The analysis of technical surgical skills in RAS can lead to mayor improvements 
of postoperative outcomes.41 However, the influence of Non-Technical Skills (NTS) 
such as communication, teamwork, leadership, and situational awareness on post-
operative outcomes should not be forgotten. The introduction of the surgical robot 
has changed the traditional set-up of the operating room: no longer are scrub nurse 
and surgeon on opposite sides of the patient. Since for the majority of the surgery, 
the surgeon is in the console of the robot, direct communication with his or her team 
could be hampered. The loss of non-verbal communication can influence the work-
flow and therefore the quality of the performance, as well as patient safety during 
surgery. 

Multiple general assessment methods are designed to assess NTS for both the team 
as  a whole44–46 and for individual members of the team.47–49 The question remains if 
these generic tools can accurately assess NTS in a highly specialized situation such 
as RAS. Two systematic reviews NTS in minimal invasive surgery.50,51 Both reviews 
show a lack of structure in research on NTS: different methods of NTS assessments 
were used separately which makes comparison of tools difficult.50,51  In chapter 7 we 
present a study protocol describing a prospective observational multicentre study into 
non-technical-skills (NTS) in both Open Radical Cystectomy (ORC) and Robot As-
sisted Radical Cystectomy (RARC). In this study we propose a structured approach 
to NTS assessment using recordings from the OR in order to be able to implement all 
different NTS scoring methods.44,45,49,52–54

Even though the surgery of interest in this study is the radical cystectomy, results 
obtained during this study can be generalized beyond radical cystectomy since the 
changes in OR setup and the loss of non-verbal communication are universal when 
making the shift from open surgery to RAS. The results of this study can be used to 
develop effective team-training programs specifically for the introduction of the surgi-
cal robot in relation to changes in Non-Technical Skills in order to maximize surgeon 
and team performance. 

Effective training and assessment of performance are fundamental to ensuring sur-
geons reach their intended goal and operate safely with maximum preservation of 
functions.13,28,55 The field of video review and postoperative results analysis is focused 
on predicting postoperative results and reducing complications.41,42,56,57 Even though 
multiple groups have investigated the possibility of video review it is unclear if video 
review has found its place in daily clinical practice. In chapter 8, the results of a sur-
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vey on the acceptance of postoperative results analysis and surgical video analysis 
amongst surgeons performing RARP are shown. Most surgeons use postoperative 
results analysis to learn from their past performance. They use edited surgical videos 
during team meetings to gain insight into the specific facets (surgical steps) of RARP 
related to postoperative complications and functional outcomes (i.e. urinary conti-
nence and erectile function). 

The third part of the thesis focuses on the following research question: 

What is the relation between a surgeon’s performance and a patient’s 
postoperative outcomes?
The group of Goldenberg et al. used the GEARS assessment method to assess spe-
cific sections of the RARP they found a possible correlation between surgical skills 
and postoperative outcome, mainly the early continence after RARP.58

The PROTEST, PACE42 and GEARS43 assessment methods have been evaluated in 
two matched case-control pilot studies to investigate if the results of these surgical 
skills assessment methods can be used to predict postoperative functional outcome 
(continence and potency).  The results of these pilot studies are described in chap-
ter 9 (continency study) and chapter 10 (potency study). In chapter 9 incontinent 
patients were matched to continent patients to assesses if the surgical skills as 
assessed using the different templates of one expert differed between the postop-
erative outcomes. A similar procedure was used in the study presented in chapter 
10, impotent patients were compared to potent patients. These studies show none of 
the factors in the templated assessment methods could be used to predict the uri-
nary continence or potency status of the patients.  The results do show, in contrast 
to a study by the group of Stern et.al.59, experts are able to predict the postoperative 
continence or potency status of the patients. The results of both studies show expert 
focus on the quality of the neurovascular bundles in case of potency, and the length 
of the urethral stump after resection in case of urinary continence. Although the re-
lation between urethral stump length measured in surgical videos and postoperative 
continence was not proven in earlier research60, the influence of the urethral meas-
urements on continence was known from in earlier studies in MRI images61,62 and 
pathology results.63

The study presented in chapter 11 shows the results of a study correlating measure-
ments of the urethral stump in pre-recorded videos to the postoperative continence 
of patients. In this study the dimensions of the transurethral catheter (Chr. 16) were 
used to standardise the measurements. The results of this study show the residual 
urethra stump was significantly longer in the continent group (10,50 vs 12,94 mm, p= 
0.018). We are the first to demonstrate the relationship between the residual urethra 
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stump length measured during surgery and postoperative continence of the patient. 
The difference in results compared to the study of Bautista Vidal, et al who did not 
find a relation between the length of the urethral stump and postoperative continence 
status of the patient could be due to a different method of measurement during sur-
gery.60 If the technique can be adapted to be used during surgery and not only in the 
pre-recorded surgical video’s a new surgical challenge will be to save as much ure-
thral length as possible during RARP. Additional research is needed to determine the 
ideal urethral length for achieving continence. If there is such an ideal urethral length, 
surgical procedure could be adjusted to standardise the dissection and mobilisation 
of parts of the prostatic urethra to increase urethral stump length and increase the 
chances of continence of the patient. 

The PACE42, the GEARS43, and the PROTEST assessment methods used in chap-
ter 9 and chapter 10 are time-consuming ways of assessing surgeons’ skills. Since 
these methods are based on human review, subjective bias cannot be avoided, lead-
ing to reduced interrater reliability. To objectify the assessment and to reduce the time 
investment of ‘manual assessment’ by the observer automated assessment tools are 
being studied.64,65 Recently, Hung et al. investigated the possibility of the analysis of 
the movements of the surgical robot with the dVLogger system which led to greater 
insight into the performance of the surgeons and could be used to predict postop-
erative outcomes.64,66 The dVLlogger system automatically logs motion tracking and 
system events data in live surgeries. This leaves large datasets and pre-recorded 
surgical video stock piles useless in this type of research. 

In chapter 12, we investigate the possibility to automatically assess instrument 
movements in pre-recorded videos of RARP patients to find if the movements of 
surgical instruments predict functional outcome of the surgery. The Kinovea software 
can automatically track instrument movements in laparoscopic surgery without re-
quiring additional equipment.65 The results presented in chapter 12 show the speed 
of the surgical instruments, tissue overlapping the instrument and the fact that the 
instrument has flexible joints, makes it impossible to track the instrument movements 
in pre-recorded RARP videos. Further research with larger groups of patients and a 
different automated tracking system is needed to investigate the possibility of auto-
mated surgical movement assessment in pre-recorded surgical videos.

In Chapter 13 the main findings of the different studies in this thesis are discussed. 
The answers to the two main research questions were formulated in an overall con-
clusion. Methodological considerations are given and recommendations for future 
research are presented. 
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 Nederlandse samenvatting

Nederlandse samenvatting
De gezondheidszorg is voortdurend in beweging om de kwaliteit en veiligheid van 
de patiëntenzorg te verbeteren. In Nederland wordt steeds meer aandacht besteed 
aan de centralisering van complexe behandelingen, zoals verschillende soorten 
Robot-Geassisteerde Chirurgie (RAS), naar centra met een hoog volume (hoger 
aantal van deze ingrepen). Omdat dit naar verwachting de kwaliteit van de zorg zal 
verbeteren en de patiëntveiligheid zal worden vergroot. Dit vanwege de toegenomen 
blootstelling van de chirurg en het ondersteunend personeel.1-4 De vraag blijft of een 
groter aantal chirurgische ingrepen per ziekenhuis of juist de kwaliteit van de chirurg 
van invloed is op de uitkomst van de patiënt. Uit literatuur blijkt dat er grote verschil-
len zitten in het aantal postoperatieve complicaties bij chirurgen met vergelijkbare 
chirurgische volumes per centrum of zelfs in hetzelfde centrum. 5,6 

De introductie van de chirurgische robot heeft geresulteerd in een toenemende 
technische moeilijkheidsgraad van deze robot geassisteerde operaties. Nieuwe 
methoden om beginnende chirurgen (assistenten en fellows) te trainen in deze zeer 
gespecialiseerde technieken moeten worden geïmplementeerd om de veiligheid van 
de patiënt te waarborgen.7 Waar algemene richtlijnen en certificeringscriteria zijn 
vastgelegd voor laparoscopische chirurgie in de vorm van de European Basic Lapa-
roscopic Urological Skills (E -BLUS),8–10 bestaan dergelijke richtlijnen niet voor RAS. 
De beoordeling en certificering van RAS-vaardigheden bevinden zich nog in een 
voorbereidende fase binnen alle chirurgische specialismen. Dit geldt ook binnen de 
urologie.

De uitdaging voor beginnende chirurgen is op welke manier ze nieuwe chirurgische 
procedures aan kunnen leren. Voor experts chirurgen is het een uitdaging hoe oper-
atie resultaten geanaliseerd kunnen worden en hoe van deze resultaten geleerd kan 
worden om zo de kwaliteit te blijven verbeteren.

Het eerste deel van dit proefschrift richt zich op de volgende onderzoeksvraag:

‘’Wat zijn de beste methoden om chirurgen op te leiden in robot-geas-
sisteerde chirurgie?’’
Als reactie op de introductie van RAS hebben meerdere organisaties en artsen op-
geroepen tot de ontwikkeling van gestructureerde training en basiskwalificaties voor 
chirurgen.11–17 Hoewel er meerdere gestructureerde trainingscurricula zijn ontwik-
keld14–16,18,19 zijn er momenteel geen algemene criteria voor het starten aan RAS. Als 
er geen gestructureerd trainingsprogramma of een reeks basiscriteria wordt aange-
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boden, zullen beginnende chirurgen hun eigen trainingsprogramma ontwerpen op 
basis van hun eigen waargenomen gebrek aan kennis.20,21 Het eigen waargenomen 
gebrek aan kennis en vaardigheden van de nieuwe operateurs kan worden beïnvloed 
door overmoed en overschatting van vaardigheden. Dit kan mogelijk resulteren in 
onbewust onbekwaam leergedrag. Wat vervolgens weer kan leiden tot een gat in de 
training van de beginnende chirurg.

Als richtlijn voor het benodigde basiscompetentieniveau om robotchirurgie veilig uit 
te voeren, is door het NIVEL (Nederlands Instituut voor Onderzoek van de Gezond-
heidszorg) de ‘Basis bekwaamheidseisen voor het veilig gebruik van robotchirurgie’ 
(BPR) ontwikkeld.11

In hoofdstuk 2 worden de resultaten van een eendaagse training in basis-RAS op 
basis van de BPR gepresenteerd. De training bestond uit diverse belangrijke aspect-
en van systeemtraining. Er werd gebruik gemaakt van verschillende trainingsmodal-
iteiten (hands-on training gecombineerd met theoretische informatie).17 

Tijdens deze training werd aan beginnende chirurgen gevraagd om hun eigen kennis 
en chirurgische vaardigheden zelf te beoordelen. De door hen aangeven antwoorden 
werden vergeleken met de resultaten van de simulatie training om vervolgens te kun-
nen beoordelen of beginnende chirurgen vatbaar zijn voor overmoed en overschat-
ting van vaardigheden tijdens het leren van RAS. Na deelname aan de training werd 
aan de deelnemers gevraagd of ze over alle competenties beschikten die in de BPR 
worden beschreven.11 We vonden dat beginnende robotchirurgen te positief waren 
in de zelfevaluatie van hun eigen chirurgische vaardigheden na één training in RAS. 
Dit komt overeen met eerdere studies die overmoed en overschatting bij het aanleren 
van nieuwe vaardigheden beschrijven.22,23 Om hiaten in de training door overmoed 
en overschatting te voorkomen, dienen beginnende chirurgen feedback te ontvangen 
om hen te informeren over het niveau van hun vaardigheden om het aanleren van 
nieuwe vaardigheden te verbeteren. Een ander doel is om hen te informeren over 
hun competentieniveaus.

Een veelgebruikte feedbackmethode bij het trainen van chirurgische vaardigheden is 
proctoring. Proctoring is een vorm van training waarbij een ervaren trainer de stagiair 
begeleidt tijdens de procedure en deze live van feedback voorziet, om de stagiair te 
begeleiden en te ondersteunen bij het aanleren van nieuwe vaardigheden.24 Proc-
toring wordt veel gebruikt in de operatiekamer bij beginnende chirurgen, maar wordt 
vanwege tijdsgebrek en de kosten van deze vorm van training nauwelijks geïmple-
menteerd in simulator gebaseerde trainingen.17,25,26 Een alternatief voor menselijke 
proctoring is de interactieve taak- en procedurele begeleiding door de simulator SGG 
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(Simulator Generated Guidance). SGG is een optie beschikbaar op de nieuwste 
simulatiesystemen. SGG wordt verzorgd door de virtual reality (VR)-simulator om de 
beginnende chirurg te begeleiden door de stappen van een chirurgische ingreep met 
behulp van visuele aanwijzingen.27 Een voordeel van SGG is de mogelijkheid om het 
effect van verschillende trainingscurricula op de voortgang van de chirurgische vaar-
digheden van de chirurg te bundelen en te kunnen beoordelen. Effectieve training en 
prestatiebeoordeling zijn van fundamenteel belang voor chirurgen om hun doelen te 
bereiken en veilig te kunnen opereren.13,28 

Hoofdstuk 3 richt zich op de effecten van proctoring en SGG op het verwerven van 
chirurgische vaardigheden en de tevredenheid van deelnemers (beginnende chiru-
rgen) tijdens de chirurgische vaardigheidstraining. We laten zien dat chirurgische 
vaardigheden in RAS aanzienlijk kunnen worden verbeterd na het oefenen van basis 
en geavanceerde simulatieoefeningen gedurende twee uur op een VR-simulator. Dit 
komt overeen met de bevindingen van Brinkman et al.29 Het blijkt dat de deelnemer-
stevredenheid hoger is in de groep ‘human proctoring’. Het gebrek aan verschil in het 
verwerven van chirurgische vaardigheden tussen de interventiegroepen lijkt erop te 
wijzen dat er een beperkte impact is van “human proctoring” en “simulator generated 
guidance” tijdens de beginfase van chirurgische simulatietraining. Alleen al de bloot-
stelling van beginnende chirurgen aan de VR-simulator zou al voldoende kunnen zijn 
om een significante verbetering van chirurgische vaardigheden te bereiken tijdens de 
eerste stappen van het trainen van RAS.

Hoewel VR-simulatoren een substantiële plaats innemen in de training van RAS, 
hebben slechts een beperkt aantal studies de overdracht van vaardigheden die 
tijdens VR-simulatortraining zijn geleerd aangetoond in situaties in de realiteit.30,31 Om 
deze reden worden naast VR-simulatoren ook andere trainingsmodaliteiten (dry lab 
en wet lab training) gebruikt in de meeste training curricula.16

De European Robotic Urological Society (ERUS) ontwikkelde een curriculum voor 
fellows (CC-ERUS) gericht op het uitvoeren van de robot geassisteerde radicale 
prostatectomie (RARP).15,16,18,19 Dit curriculum omvat alle aspecten van training, van 
de meest elementaire zoals live case-observatie en assistentie aan tafel, tot de 
meest geavanceerde trainingsfaciliteiten zoals virtual reality (VR), dry en wet lab 
met de meest complexe en geavanceerde trainingsmodellen die tot op heden bes-
chikbaar zijn. Momenteel is dit curriculum beschikbaar voor fellows die trainen in 
CC-ERUS-gastcentra. De implementatie van trainingscurricula voor fellows is een 
stap in de goede richting. De volgende stap is de implementatie van een gestructu-
reerd curriculum tijdens het AIOS (Arts-assistent in opleiding tot medisch specialist) 
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programma.

De huidige stand van de RAS-training voor de AIOS-urologie en de impact van 
de vervolgcursus RAS voor AIOS worden onderzocht in hoofdstuk 4 van dit 
proefschrift. Dit hoofdstuk laat zien dat de meeste Nederlandse AIOS RAS mogen 
uitvoeren tijdens hun opleiding, maar dat de criteria voor het starten van RAS aan-
zienlijke verschillen tonen tussen de opleidingsziekenhuizen. Hieruit blijkt dat er 
behoefte is aan de implementatie van een (meerstaps) trainings- en certificeringspro-
gramma in het Nederlandse urologie AIOS-curriculum. De geavanceerde RAS cursus 
zou in deze behoefte kunnen voorzien. De aangeboden training is de geavanceerde 
robotvaardigheidscursus zoals beschreven door Mottrie et al.18 AIOS die aan deze 
cursus van een week hebben deelgenomen, laten een significante toename in chiru-
rgische vaardigheden zien. Uit de resultaten van dit onderzoek blijkt dat bijna alle 
AIOS na de cursus RAS in hun eigen ziekenhuis mogen uitvoeren. Hoewel het effect 
van deze geavanceerde cursus in RAS van een week op de postoperatieve uitkomst 
van patiënten onduidelijk blijft, tonen de eerste resultaten van het CC-ERUS-curric-
ulum aan dat de voltooiing van het ERUS-curriculum leidt tot een verbetering van de 
oncologische en functionele uitkomst bij patiënten.32,33

In hoofdstuk 5 zijn de langetermijneffecten van de gestructureerde fellowship in 
RAS (CC-ERUS fellowship) onderzocht. Uit de resultaten van de enquête blijkt dat de 
meeste respondenten na het fellowship nog steeds RAS uitvoeren, wat overeenkomt 
met resultaten uit ander onderzoek naar de impact van RAS-fellowships.34,35 Een 
opmerkelijke bevinding van dit onderzoek is dat een groot deel van de respondenten 
niet op de hoogte is van de oncologische (33%) en functionele uitkomsten (66%) van 
hun patiënten. Om deze reden dienen deelnemers aan RAS-trainingen te worden 
gecoacht met als doel zijn of haar eigen resultaten te evalueren met als einddoel om 
te leren van de uitkomsten uit het verleden en hun leercurve te verkorten. De toev-
oeging van een portfolio aan het curriculum waarin de deelnemers hun voortgang 
vastleggen zou de deelnemers meer bewust kunnen maken van de postoperatieve 
uitkomst van hun patiënt.

De extra kosten voor het opleiden van een nieuwe chirurg in RAS variëren tussen 
95.000 en 1.365.000 dollar, afhankelijk van de lengte van de leercurve.7,36 De imple-
mentatie van een gestructureerd trainingscurriculum vermindert niet alleen mogeli-
jke risico’s voor de patiënt 7,37-39 het is ook kostenbesparend als het de duur van de 
leercurve verkort. De gemiddelde leercurve van RARP-chirurgen is beschreven in de 
studie van Steinberg et al. Deze blijkt zevenzeventig ingrepen te zijn, wat overeen-
komt met kosten van 217.034 dollar, een minimale reductie van de leercurve zou de 
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kosten van de geavanceerde cursus in RAS kunnen dekken.36 

Momenteel blijft het effect van gestructureerde training op de leercurve onduidelijk, 
aangezien de studie gepresenteerd in hoofdstuk 5 een enquête is. Om deze reden 
kunnen er geen nauwkeurige gegevens van de leercurve van de deelnemers worden 
gepresenteerd. De resultaten laten zien dat meer dan de helft van de deelnemers 
tussen de tweeënvijftig en honderdertig (gedeeltelijke) RARP-cases heeft uitgevoerd 
tijdens hun fellowship. Een derde van de deelnemers heeft zelfs meer dan honderd-
ertig (gedeeltelijke) RARP-cases uitgevoerd tijdens de fellowship. Dit zou kunnen 
betekenen dat sommige fellows geslaagd zijn de leercurve tijdens de fellowship 
onder toezicht van een ervaren chirurg in een gastcentrum te doorlopen.7,37–39 

Het tweede deel van het proefschrift richt zich op de volgende onderzoeksvraag:

‘’Hoe kan het functioneren van een robotchirurg het beste worden beoor-
deeld?’’
Het gebruik van chirurgische videobeoordeling om de vaardigheden van een chirurg 
te relateren aan postoperatieve resultaten is in het verleden bewezen.40,41 De analyse 
van intra-operatieve video’s maakt een gedetailleerde beoordeling van chirurgische 
vaardigheden mogelijk. De Robot Assisted Radical Prostatectomy (RARP) is een 
laparoscopische procedure waarbij de beelden van binnen in de patiënt (intra cor-
porele beelden) kunnen worden opgenomen. De RARP is een van de meest uitgevo-
erde robot geassisteerde procedures binnen de urologie. Om deze reden hebben 
we de RARP-procedure gekozen om te starten met de ontwikkeling van chirurgische 
vaardigheidsbeoordelingen met behulp van chirurgische video-analyse. Een gede-
tailleerde stapsgewijze beschrijving van de operatie is nodig om de chirurgische vid-
eo’s te gebruiken voor de beoordeling van chirurgische vaardigheden en de detectie 
van complicaties.

De studie gepresenteerd in hoofdstuk 6 toont de stappen van de RARP-ingreep die 
volgens deskundige robotchirurgen van belang zijn voor het vinden van de oorzak-
en van ongunstige postoperatieve uitkomsten en complicaties. Tijdens een Del-
phi-sessie werden perioperatieve gebeurtenissen gedefinieerd die de postoperatieve 
uitkomst (urine-continentie en erectile dysfunctie) kunnen beïnvloeden. Op basis 
van deze bevindingen werd een nieuw beoordelingsmodel ontworpen: de PRO-
TEST-beoordelingsmethode.

De PROTEST-beoordelingsmethode is de enige beoordelingsmethode die subjec-
tieve beoordeling van chirurgische vaardigheden, objectieve metingen van proce-
durele stappen en perioperatieve gebeurtenissen combineert in één beoordeling-
smethode.
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Andere voorbeelden van op sjablonen gebaseerde videobeoordelingsmethoden zijn 
de Prostatectomy Assessment and Competency Evaluation (PACE) 42 en de Global 
Evaluative Assessment of Robotic Skill (GEARS)43-methode. De PACE-methode is 
ontwikkeld door de groep van Hussein et.al.42 en richt zich op objectieve en proce-
dure specifieke beoordeling van vaardigheden. De GEARS-methode kan worden ge-
bruikt om niveaus van robot chirurgische expertise te differentiëren in live operaties 
en video’s van (robot geassisteerde) laparoscopische chirurgie.43 Deze beoordeling-
smethoden worden momenteel gebruikt om de effectiviteit van training (PACE42) of de 
chirurgische basisvaardigheid (GEARS43) te beoordelen.

De analyse van technische chirurgische vaardigheden in RAS kan leiden tot grote 
verbeteringen van postoperatieve uitkomsten.41 De invloed van niet-technische 
vaardigheden (NTS) zoals communicatie, teamwerk, leiderschap en situationeel 
bewustzijn op postoperatieve uitkomsten mag echter niet worden vergeten. Met de 
introductie van de operatierobot is de traditionele inrichting van de operatiekamer 
veranderd: de operatieassistent(e) en chirurg staan niet langer tegenover elkaar aan 
weerszijde van de patiënt. Omdat de chirurg voor het grootste deel van de operatie 
in de console van de robot zit, kan de directe communicatie met zijn of haar team 
worden belemmerd. Het verlies van non-verbale communicatie kan de workflow en 
daarmee de kwaliteit van de ingreep en de patiëntveiligheid tijdens de operatie beïn-
vloeden.

Er zijn meerdere algemene beoordelingsmethoden ontworpen om NTS te beoordelen 
voor zowel het team als geheel44-46 als voor individuele leden van het team.47-49 De 
vraag blijft of deze generieke tools NTS nauwkeurig genoeg kunnen beoordelen in 
een zeer gespecialiseerde situatie zoals RAS. Twee systematische reviews beschri-
jven ervaringen met onderzoek naar NTS bij minimaal invasieve chirurgie.50,51 Beide 
reviews laten een gebrek aan structuur zien in het onderzoek naar NTS: verschillen-
de methoden van NTS-beoordelingen werden afzonderlijk gebruikt, wat vergelijking 
van instrumenten bemoeilijkt.50,51 

In hoofdstuk 7 presenteren we een onderzoeksprotocol dat een prospectief obser-
vationeel multicenter studie beschrijft naar niet-technische vaardigheden (NTS) in 
zowel Open Radicale Cystectomie (ORC) als Robot geassisteerde Radicale Cys-
tectomie (RARC). In deze studie stellen we een gestructureerde benadering van 
NTS-beoordeling voor met behulp van opnames van de Operatie Kamer (OK) om alle 
verschillende NTS-scoringsmethoden te kunnen implementeren.44,45,49,52-54

Hoewel de operatie die van belang is in deze studie de RARC is, kunnen de resultat-
en die tijdens deze studie zijn verkregen en worden gegeneraliseerd buiten RARC. 
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Dit omdat de veranderingen in de OK-opstelling en het verlies van non-verbale com-
municatie universeel zijn bij de overstap van open chirurgie naar RAS. 

De resultaten van dit onderzoek kunnen worden gebruikt om effectieve team training-
sprogramma’s te ontwikkelen, specifiek voor de introductie van de chirurgische robot 
in relatie tot veranderingen in niet-technische vaardigheden om de prestaties van 
chirurg en team te verbeteren.

Effectieve training en prestatiebeoordeling zijn van fundamenteel belang om ervoor 
te zorgen dat chirurgen hun beoogde doel bereiken en veilig opereren met maximaal 
behoud van functies.13,28,55 Het onderzoeksveld van video-evaluatie en analyse van 
postoperatieve resultaten is gericht op het voorspellen van postoperatieve resultaten 
en het verminderen van complicaties.41,42,56,57 Hoewel meerdere groepen de mogeli-
jkheid van video analyse hebben onderzocht, is het onduidelijk of video analyse zijn 
plaats heeft gevonden in de dagelijkse praktijk.

In hoofdstuk 8 worden de resultaten getoond van een onderzoek naar de acceptatie 
van postoperatieve resultaatanalyse en chirurgische video-analyse onder urologen 
die de RARP uitvoeren. De meeste urologen gebruiken analyses van postoperatieve 
resultaten om te leren van de uitkomsten van ingrepen. De specialisten gebruiken 
bewerkte chirurgische video’s tijdens teamvergaderingen om inzicht te krijgen in de 
specifieke facetten (chirurgische stappen) van RARP welke mogelijk relatie hebben 
tot postoperatieve complicaties en functionele uitkomsten (urine-continentie en erec-
tile functie). 

Het derde deel van het proefschrift richt zich op de volgende onderzoeksvraag:

‘’Wat is de relatie tussen de vaardigheden van een chirurg en de postop-
eratieve uitkomsten van een patiënt?’’
De groep van Goldenberg et al. gebruikten de GEARS-beoordelingsmethode om 
specifieke secties van de RARP te beoordelen en vonden zij een mogelijke cor-
relatie tussen chirurgische vaardigheden en postoperatieve uitkomst, voornamelijk 
de vroege continentie na RARP 58. De PROTEST-, PACE42- en GEARS43-beoorde-
lingsmethoden zijn geëvalueerd in twee gematchte case-control pilotstudies om te 
onderzoeken of de resultaten van deze chirurgische vaardigheidsbeoordelingsmeth-
oden kunnen worden gebruikt om het postoperatieve functionele resultaat (conti-
nentie en erectile functie) te voorspellen. 

De resultaten van deze pilotstudies zijn beschreven in hoofdstuk 9 (conti-
nentieonderzoek) en hoofdstuk 10 (erectile functie onderzoek). In hoofdstuk 9 
werden postoperatief incontinente patiënten vergeleken met continente patiënt-
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en. Deze studie toont aan dat geen van de factoren in de PROTEST-, PACE42- en 
GEARS43-beoordelingsmethoden kunnen worden gebruikt om de urine-continentie 
of erectile functie van de patiënten te voorspellen. De resultaten laten wel zien, in te-
genstelling tot een studie van de groep van Stern et.al.59, dat experts in staat zijn de 
postoperatieve continentie of erectile functie van de patiënten te voorspellen. 

Een soortgelijke opzet werd gebruikt in de studie gepresenteerd in hoofdstuk 10 
hierin werden postoperatief impotente patiënten gekoppeld aan potente patiënten om 
te beoordelen, doormiddel van video analyse, of de chirurgische vaardigheden van 
één expert operateur verschilden tussen de postoperatieve uitkomsten. Deze studies 
tonen aan dat geen van de factoren in de PROTEST-, PACE42- en GEARS43-beoor-
delingsmethoden kunnen worden gebruikt om de urine-continentie of erectile functie 
van patiënten te voorspellen. De resultaten laten wel zien, in tegenstelling tot een 
studie van de groep van Stern et.al.59, dat experts in staat zijn de postoperatieve con-
tinentie of erectile functie van de patiënten te voorspellen. 

De resultaten van beide onderzoeken laten zien dat experts zich richten op de 
kwaliteit van de neurovasculaire bundels in geval van potentie, en de lengte van de 
urethrastomp na resectie in geval van urine continentie. Hoewel de relatie tussen 
urethrastomplengte gemeten in chirurgische video’s en postoperatieve continentie 
niet in eerder onderzoek was aangetoond 60, was de invloed van de urethralengte op 
continentie bekend uit eerdere studies in MRI-beelden61,62 en pathologie resultaten63.

De studie gepresenteerd in hoofdstuk 11 toont de resultaten van een onderzoek 
waarin metingen van de urethrastomp in vooraf opgenomen video’s werden gecor-
releerd met de postoperatieve continentie van patiënten. In dit onderzoek zijn de 
afmetingen van de transurethrale katheter (Chr. 16) gebruikt om de metingen te 
standaardiseren. De resultaten van deze studie tonen aan dat de resterende ure-
thrastomp significant langer was in de continentgroep (10,50 vs 12,94 mm, p= 0,018). 
Wij zijn de eersten die de relatie aantonen tussen de resterende urethra-stomp-
lengte gemeten tijdens de operatie en postoperatieve continentie van de patiënt. 
Het verschil in resultaten vergeleken met de studie van Bautista Vidal et al. die geen 
verband vonden tussen de lengte van de urethrastomp en de postoperatieve conti-
nentiestatus van de patiënt, zou te wijten kunnen zijn aan een andere meetmethode 
tijdens de operatie.60 Als de techniek kan worden aangepast om te worden gebruikt 
tijdens operaties en niet alleen in de vooraf opgenomen chirurgische video’s zal het 
een nieuwe chirurgische uitdaging zijn om zoveel mogelijk urethrale lengte te be-
sparen tijdens RARP. 

Aanvullend onderzoek is nodig om de ideale lengte van de urethra te bepalen om 
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continentie te bereiken. Als er zo’n ideale urethrale lengte is, kan de chirurgische pro-
cedure worden aangepast om de dissectie en mobilisatie van delen van de urethra 
uit te prostaat te standaardiseren om de lengte van de urethrale stomp te vergroten 
en de kans op continentie van de patiënt te vergroten. De beoordelingsmethoden 
PACE42, GEARS43 en PROTEST die in hoofdstuk 9 en hoofdstuk 10 worden 
gebruikt zijn tijdrovende manieren om de vaardigheden van chirurgen te beoordelen. 
Aangezien deze methodes zijn gebaseerd op menselijke beoordeling kan subjectieve 
bias niet worden vermeden. Dit leidt tot verminderde inter-beoordelaarsbetrouwbaar-
heid. 

Om de beoordeling te objectiveren en de tijdsinvestering van ‘handmatige beoorde-
ling’ door de waarnemer te verminderen worden geautomatiseerde beoordelingstools 
bestudeerd64,65. Hung et al. hebben recent de mogelijkheid van de analyse van de 
bewegingen van de chirurgische robot onderzocht met het dVLogger-systeem. Dit 
onderzoek heeft geleid tot meer inzicht in de prestaties van de chirurgen en kon 
worden gebruikt om postoperatieve uitkomsten te voorspellen64,66. Het dVLlogger-sys-
teem registreert automatisch de bewegingen van de robot en systeemgegevens in 
live operaties. Hierdoor worden grote datasets met uitkomsten en reeds opgenomen 
chirurgische video’s nutteloos.

In hoofdstuk 12 onderzoeken we de mogelijkheid om instrumentbewegingen au-
tomatisch te beoordelen in vooraf opgenomen video’s van RARP-patiënten. Dit om 
na te gaan of de bewegingen van chirurgische instrumenten tijdens een operatie de 
functionele uitkomst van de operatie kunnen voorspellen. De Kinovea-software kan 
instrumentbewegingen bij laparoscopische chirurgie automatisch volgen zonder dat 
er extra apparatuur nodig is.65 De resultaten in hoofdstuk 12 tonen aan dat de snel-
heid van de chirurgische instrumenten, weefsel dat het instrument overlapt en het 
feit dat het instrument flexibele gewrichten heeft, het onmogelijk maakt om de instru-
mentbewegingen te volgen in vooraf opgenomen RARP-video’s. Verder onderzoek 
met grotere groepen patiënten en een ander geautomatiseerd volgsysteem zijn nodig 
om de mogelijkheid van geautomatiseerde beoordeling van chirurgische bewegingen 
in vooraf opgenomen chirurgische video’s te onderzoeken.

In hoofdstuk 13 worden de belangrijkste bevindingen van de verschillende onderzo-
eken in dit proefschrift besproken. De antwoorden op de drie hoofdonderzoeksvragen 
zijn geformuleerd in een overkoepelende conclusie. Methodologische overwegingen 
worden gegeven en aanbevelingen voor toekomstig onderzoek worden gepresen-
teerd.

Proefschrift 20230318 met bijlagen.indd   371Proefschrift 20230318 met bijlagen.indd   371 30-03-2023   20:2930-03-2023   20:29



372

beck BK, Hu JC, Shariat SF, Sun M, Vickers AJ. A 
systematic review of the volume-outcome relation-
ship for radical prostatectomy. Eur Urol [Internet]. 
2013;64(5):786–98. 
2.  Gershman B, Meier SK, Jeffery MM, 
Moreira DM, Tollefson MK, Kim SP, Karnes RJ, Shah 
ND. Redefining and Contextualizing the Hospital 
Volume-Outcome Relationship for Robot-Assisted 
Radical Prostatectomy: Implications for Centralization 
of Care. J Urol [Internet]. 2017 Jul 1 [cited 2018 Jul 
23];198(1):92–9. 
3.  Stitzenberg KB, Wong YN, Nielsen ME, Eg-
leston BL, Uzzo RG. Trends in radical prostatectomy: 
Centralization, robotics, and access to urologic cancer 
care. Cancer. 2012;118(1):54–62. 
4.  Inspectie voor de Gezondheidszorg. Het 
resultaat telt; Ziekenhuizen 2015. 2017;247. 
5.  Bianco FJ, Vickers AJ, Cronin AM, Klein 
EA, Eastham JA, Pontes JE, Scardino PT. Variations 
Among Experienced Surgeons in Cancer Control 
After Open Radical Prostatectomy. J Urol [Internet]. 
2010;183(3):977–83. 
6.  Vickers A, Savage C, Bianco F, Mulhall J, 
Guillonneau B, Cronin A, Scardino P, Sandhu J, Guil-
lonneau B, Cronin A, Scardino P. Cancer control and 
functional outcomes after radical prostatectomy as 
markers of surgical quality: Analysis of heterogeneity 
between surgeons at a single cancer center. Eur Urol 
[Internet]. 2011;59(3):317–22. 
7.  Puliatti S, Mazzone E, Dell’Oglio P. Train-
ing in robot-assisted surgery. Curr Opin Urol. 
2020;30(1):65–72. 
8.  Tjiam IM, Schout BMA, Hendrikx AJM, 
Muijtjens AMM, Scherpbier AJJA, Witjes JA, Van Der 
Vleuten CPM. Program for laparoscopic urological 
skills assessment: Setting certification standards for 
residents. Minim Invasive Ther Allied Technol [Inter-
net]. 2013 Feb 10 [cited 2020 May 22];22(1):26–32. 
9.  Tjiam IM, Persoon MC, Hendrikx AJM, 
Muijtjens AMM, Witjes JA, Scherpbier AJJA. Program 
for laparoscopic urologic skills: A newly developed 
and validated educational program. Urology [Internet]. 
2012 Apr 1 [cited 2020 May 22];79(4):815–20. 
10.  Brinkman WM, Tjiam IM, Schout BMA, 
Muijtjens AMM, Van Cleynenbreugel B, Koldewijn 
EL, Alfred Witjes J. Results of the European basic 
laparoscopic urological skills examination. Eur Urol 
[Internet]. 2014;65(2):490–6. 
11.  Porte PJ, Verweij L., Bekkers RL., Consten 
EC., Lichtenberg H, van der Poel HG, van Swol CFP, 
Wagner C. Robotic surgery for medical specialists, 
basic proficiency requirements for the safe use of 
robotic surgery. Utrecht/Amsterdam: NIVEL/EMGO+ 
[Internet]. 2017 [cited 2017 Aug 22]; 
12.  Dutch Health inspectorate (Inspectie voor 
de gezondheidszorg). Insufficient carefulness at the 
introduction of surgical robots (in Dutch: Onvoldoende 
zorgvuldigheid bij introductie van operatierobots). Igz. 
2010; 
13.  Brinkman W, de Angst I, Schreuder H, 
Schout B, Draaisma W, Verweij L, Hendrikx A, van 
der Poel H. Current training on the basics of robotic 

surgery in the Netherlands: Time for a multidisci-
plinary approach? Surg Endosc Other Interv Tech. 
2017;31(1):281–7. 
14.  Fisher RA, Dasgupta P, Mottrie A, Volpe A, 
Khan MS, Challacombe B, Ahmed K. An over-view of 
robot assisted surgery curricula and the status of their 
validation. Int J Surg [Internet]. 2015 Jan [cited 2017 
Aug 17];13:115–23. 
15.  Volpe A, Ahmed K, Dasgupta P, Ficarra V, 
Novara G, Van Der Poel H, Mottrie A. Platinum Priori-
ty – Education Pilot Validation Study of the European 
Association of Urology Robotic Training Curriculum. 
2015;8(2):9–2. 
16.  Ahmed K, Khan R, Mottrie A, Lovegrove C, 
Abaza R, Ahlawat R, Ahlering T, Ahlgren G, Artibani 
W, Barret E, Cathelineau X, Challacombe B, Coloby 
P, Khan MS, Hubert J, Michel MS, Montorsi F, Murphy 
D, Palou J, et al. Development of a standardised 
training curriculum for robotic surgery: a consensus 
statement from an international multidisciplinary group 
of experts. BJU Int [Internet]. 2015 Jul [cited 2017 
Sep 25];116(1):93–101. 
17.  Schreuder HWRR, Wolswijk R, Zweemer RP, 
Schijven MP, Verheijen RHMM. Training and learning 
robotic surgery, time for a more structured approach: 
A systematic review. BJOG An Int J Obstet Gynaecol 
[Internet]. 2012 Jan [cited 2017 Dec 5];119(2):137–49. 
18.  Mottrie A, Novara G, van der Poel H, Das-
gupta P, Montorsi F, Gandaglia G. The European As-
sociation of Urology Robotic Training Curriculum: An 
Update. Eur Urol Focus [Internet]. 2016;2(1):105–8. 
19.  Stolzenburg JU, Qazi HAR, Rai BP. The 
European Association of Urology Robotic Training 
Curriculum: The Journey Has only Just Begun. Eur 
Urol [Internet]. 2015;68(2):300–1. 
20.  Kruger J, Dunning D. Unskilled and una-
ware of it: How difficulties in recognizing one’s own 
incompetence lead to inflated self-assessments. J 
Pers Soc Psychol [Internet]. 1999 [cited 2018 Mar 
22];77(6):1121–34. 
21.  Hadjipavlou M, Khan F, Fowler S, Joyce A, 
Keeley FX, Sriprasad S. Partial vs radical nephrecto-
my for T1 renal tumours: an analysis from the British 
Association of Urological Surgeons Nephrectomy 
Audit. BJU Int [Internet]. 2016 Jan [cited 2017 Jan 
7];117(1):62–71. 
22.  Jaeken M, Zech E, Brison C, Verhofstadt LL, 
Van Broeck N, Mikolajczak M. Helpers’ Self-Assess-
ment Biases Before and after Helping Skills Train-
ing. Front Psychol [Internet]. 2017 [cited 2018 Mar 
22];8:1377. 
23.  Krueger J, Mueller RA. Unskilled, unaware, 
or both? The better-than-average heuristic and sta-
tistical regression predict errors in estimates of own 
performance. J Pers Soc Psychol [Internet]. 2002 Feb 
[cited 2018 Mar 23];82(2):180–8. 
24.  Rashid HH, Leung Y-YM, Rashid MJ, 
Oleyourryk G, Valvo JR, Eichel L. Robotic surgical 
education: a systematic approach to training urology 
residents to perform robotic-assisted laparoscopic 
radical prostatectomy. Urology [Internet]. 2006 Jul 
[cited 2020 May 21];68(1):75–9. 

Referenties

Proefschrift 20230318 met bijlagen.indd   372Proefschrift 20230318 met bijlagen.indd   372 30-03-2023   20:2930-03-2023   20:29



 373

 Nederlandse samenvatting

25.  Shim JS, Kim JY, Pyun JH, Cho S, Oh 
MM, Kang SH, Lee JG, Kim JJ, Cheon J, Kang SG. 
Comparison of effective teaching methods to achieve 
skill acquisition using a robotic virtual reality simu-
lator Expert proctoring versus an educational video 
versus independent training. Med (United States). 
2018;97(51):1–5. 
26.  Lee JY, Mucksavage P, Sundaram CP, Mc-
Dougall EM. Best practices for robotic surgery training 
and credentialing. J Urol [Internet]. 2011;185(4):1191–
7. 
27.  Wijewickrema S, Zhou Y, Bailey J, Kennedy 
G, O’Leary S. Provision of automated step-by-step 
procedural guidance in virtual reality surgery simu-
lation. In: Proceedings of the 22nd ACM Conference 
on Virtual Reality Software and Technology - VRST 
’16 [Internet]. New York, New York, USA: ACM Press; 
2016 [cited 2020 Apr 20]. p. 69–72. 
28.  Goldenberg MG, Lee JY, Kwong JCCC, 
Grantcharov TP, Costello A. Implementing assess-
ments of robot-assisted technical skill in urological 
education: a systematic review and synthesis of the 
validity evidence [Internet]. BJU International Mar 31, 
2018. 
29.  Brinkman WM, Luursema JM, Kengen B, 
Schout BMA, Witjes JA, Bekkers RL. Da vinci skills 
simulator for assessing learning curve and crite-
rion-based training of robotic basic skills. Urology 
[Internet]. 2013;81(3):562–6. 
30.  Aghazadeh MA, Mercado MA, Pan MM, 
Miles BJ, Goh AC. Performance of robotic simulated 
skills tasks is positively associated with clinical robotic 
surgical performance. BJU Int [Internet]. 2016 Sep 
[cited 2017 Aug 9];118(3):475–81. 
31.  Schout BMA, Ananias HJK, Bemelmans 
BLH, D’Ancona FCH, Muijtjens AMM, Dolmans 
VEMG, Scherpbier AJJA, Hendrikx AJM. Transfer of 
cysto-urethroscopy skills from a virtual-reality simu-
lator to the operating room: a randomized controlled 
trial. BJU Int [Internet]. 2009 Nov 12 [cited 2020 Apr 
22];106(2):226–31. 
32.  Mazzone E, Dell’oglio P, Mottrie A. Out-
comes report of the first erus robotic urology curric-
ulum-trained surgeon in turkey: The importance of 
structured and validated training programs for global 
outcomes improvement [Internet]. Vol. 45, Turkish 
Journal of Urology. Turkish Association of Urology; 
2019 [cited 2020 May 21]. p. 189–90. 
33.  Bedir F, Keske M, Demirdögen SO, Kocatürk 
H, Koç E, Canda AE, Atmaca AF. Robotic radical 
prostatectomy in 93 cases: Outcomes of the first 
ERUS robotic urology curriculum trained surgeon in 
Turkey. Turkish J Urol [Internet]. 2019 [cited 2020 May 
21];45(3):183–8. 
34.  Gamboa AJR, Santos RT, Sargent ER, Louie 
MK, Box GN, Sohn KH, Truong H, Lin R, Khosravi 
A, Santos R, Ornstein DK, Ahlering TE, Tyson DR, 
Clayman R V., McDougall EM. Long-Term Impact of a 
Robot Assisted Laparoscopic Prostatectomy Mini Fel-
lowship Training Program on Postgraduate Urological 
Practice Patterns. J Urol [Internet]. 2009;181(2):778–
82. 
35.  McDougall EM, Corica FA, Chou DS, Ab-
delshehid CS, Uribe CA, Stoliar G, Sala LG, Khonsari 
SS, Eichel L, Boker JR, Ahlering TE, Clayman R V. 
Short-term impact of a robot-assisted laparoscop-

ic prostatectomy ‘mini-residency’ experience on 
postgraduate urologists’ practice patterns. Int J Med 
Robot Comput Assist Surg [Internet]. 2006 Mar [cited 
2020 Mar 4];2(1):70–4. 
36.  Steinberg PL, Merguerian PA, Bihrle W, 
Seigne JD. The Cost of Learning Robotic-Assisted 
Prostatectomy. Urology. 2008;72(5):1068–72. 
37.  Buffi N, Van Der Poel H, Guazzoni G, Mottrie 
A. Methods and priorities of robotic surgery training 
program [Internet]. Vol. 65, European Urology. Eur 
Urol; 2014 [cited 2020 May 21]. p. 1–2. 
38.  Sridhar AN, Briggs TP, Kelly JD, Nathan S. 
Training in Robotic Surgery—an Overview. Curr Urol 
Rep. 2017;18(8). 
39.  Brook NR, Dell’Oglio P, Barod R, Collins J, 
Mottrie A. Comprehensive training in robotic surgery 
[Internet]. Vol. 29, Current Opinion in Urology. Curr 
Opin Urol; 2019 [cited 2020 May 21]. p. 1–9. 
40.  Birkmeyer JD, Finks JF, O ’reilly A, Oerline 
M, Carlin AM, Nunn AR, Dimick J, Banerjee M, Birk-
meyer NJO. Surgical Skill and Complication Rates 
after Bariatric Surgery for the Michigan Bariatric 
Surgery Collaborative. N Engl J Med [Internet]. 2013 
[cited 2017 Nov 17];369:1434–42. 
41.  Goldenberg MG, Goldenberg L, Grantcharov 
TP. Surgeon Performance Predicts Early Conti-
nence After Robot-Assisted Radical Prostatectomy. 
J Endourol [Internet]. 2017 Jun 26 [cited 2018 Jun 
18];31(9):end.2017.0284. 
42.  Hussein AA, Ghani KR, Peabody J, Sarle R, 
Abaza R, Eun D, Hu J, Fumo M, Lane B, Montgom-
ery JS, Hinata N, Rooney D, Comstock B, Chan HK, 
Mane SS, Mohler JL, Wilding G, Miller D, Guru KA. 
Development and Validation of an Objective Scoring 
Tool for Robot-Assisted Radical Prostatectomy: Pros-
tatectomy Assessment and Competency Evaluation. J 
Urol [Internet]. 2017 [cited 2017 Jun 12];197(5):1237–
44. 
43.  Goh AC, Goldfarb DW, Sander JC, Miles BJ, 
Dunkin BJ. Global evaluative assessment of robotic 
skills: Validation of a clinical assessment tool to meas-
ure robotic surgical skills. J Urol [Internet]. 2012 Jan 1 
[cited 2017 Aug 29];187(1):247–52. 
44.  Robertson ER, Hadi M, Morgan LJ, Pickering 
SP, Collins G, New S, Griffin D, McCulloch P, Catch-
pole KC. Oxford NOTECHS II: A Modified Theatre 
Team Non-Technical Skills Scoring System. Roma 
PG, editor. PLoS One [Internet]. 2014 Mar 4 [cited 
2018 Oct 26];9(3):e90320. 
45.  Mishra A, Catchpole K, McCulloch P. The 
Oxford NOTECHS System: reliability and validity of a 
tool for measuring teamwork behaviour in the operat-
ing theatre. Qual Saf Health Care [Internet]. 2009 Apr 
1 [cited 2018 Oct 26];18(2):104–8. 
46.  Moorthy K, Munz Y, Adams S, Pandey V, 
Darzi A. A human factors analysis of technical and 
team skills among surgical trainees during procedural 
simulations in a simulated operating theatre. Ann Surg 
[Internet]. 2005 Nov [cited 2018 Oct 26];242(5):631–9. 
47.  Flin R, Patey R. Non-technical skills for 
anaesthetists: developing and applying ANTS. Best 
Pract Res Clin Anaesthesiol [Internet]. 2011 Jun 1 
[cited 2018 Oct 26];25(2):215–27. 
48.  Mitchell L, Flin R, Yule S, Mitchell J, Coutts 
K, Youngson G. Development of a behavioural marker 

Proefschrift 20230318 met bijlagen.indd   373Proefschrift 20230318 met bijlagen.indd   373 30-03-2023   20:2930-03-2023   20:29



374

system for scrub practitioners’ non-technical skills 
(SPLINTS system). J Eval Clin Pract [Internet]. 2013 
Apr 1 [cited 2018 Oct 26];19(2):317–23. 
49.  Sharma B, Mishra A, Aggarwal R, 
Grantcharov TP. Non-technical skills assessment in 
surgery. Surg Oncol [Internet]. 2011;20(3):169–77. 
50.  Gjeraa K, Spanager L, Konge L, Petersen 
RH, Østergaard D. Non-technical skills in minimally 
invasive surgery teams: a systematic review. Surg 
Endosc. 2016;30(12):5185–99. 
51.  van der Vliet WJ, Haenen SM, Solis-Ve-
lasco M, Dejong CHC, Neumann UP, Moser AJ, van 
Dam RM. Systematic review of team performance 
in minimally invasive abdominal surgery. BJS Open. 
2019;3(3):252–9. 
52.  Undre S, Sevdalis N, Healey AN, Darzi A, 
Vincent CA. Observational Teamwork Assessment 
for Surgery (OTAS): Refinement and Application in 
Urological Surgery. World J Surg [Internet]. 2007 Jun 
16 [cited 2018 Oct 26];31(7):1373–81. 
53.  Raison N, Wood T, Brunckhorst O, Abe T, 
Ross T, Challacombe B, Shamim M, Giacomo K. 
Development and validation of a tool for non-techni-
cal skills evaluation in robotic surgery — the ICARS 
system. Surg Endosc. 2017;31(12):5403–10. 
54.  Cohen TN, Wiegmann DA, Reeves ST, Bo-
quet AJ, Shappell SA. Coding Human Factors Obser-
vations in Surgery. Am J Med Qual. 2017;32(5):556–
62. 
55.  Beulens AJWAJW, Brinkman WM, Porte PJJ, 
Meijer RP, Van Merriënboer JJG, Van der Poel HG, 
Wagner C, Brinkman M, Porte PJJ, Meijer P, Merriën-
boer JJGVJG Van, Poel HGVDG Van Der. The value 
of a one-day multidisciplinary robot surgery training 
for novice robot surgeons. J Robot Surg [Internet]. 
2018;13(3):435–47. 
56.  Beulens AJW, Brinkman WM, Van der Poel 
HG, Vis AN, van Basten JP, Meijer RP, Wijburg CJ, 
Hendrikx AJM, van Merriënboer JJG, Wagner C. Link-
ing surgical skills to postoperative outcomes: a Delphi 
study on the robot-assisted radical prostatectomy. J 
Robot Surg [Internet]. 2019; 
57.  van Basten JPA, Somford RM, de Baaij J, 
Sedelaar M, Vrijhof E. Initiatief Comprehensive Pros-
tate Cancer Network (CPCN) in Zuidoost Nederland. 
Tijdschr voor Urol. 2017;7(6–7):134–44. 
58.  Goldenberg MG, Goldenberg SL, 
Grantcharov TP. Mp51-15 Surgical Technical Per-
formance Impacts Patient Outcomes in Robot-
ic-Assisted Radical Prostatectomy. J Urol [Internet]. 
2017;197(4S):S269–70. 
59.  Stern J, Sharma S, Mendoza P, Walicki 
M, Hastings R, Monahan K, Sheikh B, Wedmid A, 
Lee DI. Surgeon perception is not a good predictor 
of peri-operative outcomes in robot-assisted radical 
prostatectomy. J Robot Surg. 2011;5(4):283–8. 
60.  Bautista Vidal JC, García Galisteo E, Barón 
López J, Sánchez Martínez N, Hernández Alcaraz 
D, Morales Jiménez P, Vozmediano Chicharro R. 
Objective assessment of early urinary continence by 
analysis and visualisation of intraoperative variables 
of radical robotic prostatectomies with a video editor. 
Actas Urol Esp [Internet]. 2019;43(2):99–105.

61.  Grivas N, van der Roest R, Tillier C, 
Schouten D, van Muilekom E, Schoots I, van der Poel 
H, Heijmink S. Patterns of Benign Prostate Hyper-
plasia Based on Magnetic Resonance Imaging Are 
Correlated With Lower Urinary Tract Symptoms and 
Continence in Men Undergoing a Robot-assisted 
Radical Prostatectomy for Prostate Cancer. Urology 
[Internet]. 2017;107:196–201. 
62.  Song W, Kim CK, Park BK, Jeon HG, Jeong 
BC, Seo S Il, Jeon SS, Choi HY, Lee HM. Impact of 
preoperative and postoperative membranous urethral 
length measured by 3 Tesla magnetic resonance 
imaging on urinary continence recovery after robot-
ic-assisted radical prostatectomy. Can Urol Assoc J. 
2017;11(3–4):E93–9. 
63.  Kohjimoto Y, Yamashita S, Kikkawa K, Iba A, 
Matsumura N, Hara I. The association of length of the 
resected membranous urethra with urinary inconti-
nence after radical prostatectomy. Urol J. 2019;epu-
b(c):2–6. 
64.  Hung AJ, Chen J, Jarc A, Hatcher D, Djala-
dat H, Gill IS. Development and Validation of Objec-
tive Performance Metrics for Robot-assisted Radical 
Prostatectomy – A Pilot Study. J Urol [Internet]. 2017 
Jul 29 [cited 2017 Aug 9];199(1):296–304. 
65.  Ganni S, Botden SMBI, Chmarra M, Goos-
sens RHM, Jakimowicz JJ. A software-based tool for 
video motion tracking in the surgical skills assessment 
landscape. Surg Endosc [Internet]. 2018 Jun 16 [cited 
2018 Jun 21];32(6):2994–9. 
66.  Hung AJ, Chen J, Che Z, Nilanon T, Jarc A, 
Titus M, Oh PJ, Gill IS, Liu Y. Utilizing Machine Learn-
ing and Automated Performance Metrics to Evaluate 
Robot-Assisted Radical Prostatectomy Performance 
and Predict Outcomes. J Endourol [Internet]. 2018 
May [cited 2019 Jul 25];32(5):438–44

Proefschrift 20230318 met bijlagen.indd   374Proefschrift 20230318 met bijlagen.indd   374 30-03-2023   20:2930-03-2023   20:29



 375

 Nederlandse samenvatting

Proefschrift 20230318 met bijlagen.indd   375Proefschrift 20230318 met bijlagen.indd   375 30-03-2023   20:2930-03-2023   20:29



Proefschrift 20230318 met bijlagen.indd   376Proefschrift 20230318 met bijlagen.indd   376 30-03-2023   20:2930-03-2023   20:29



Section V
Appendix

Proefschrift 20230318 met bijlagen.indd   377Proefschrift 20230318 met bijlagen.indd   377 30-03-2023   20:2930-03-2023   20:29



Proefschrift 20230318 met bijlagen.indd   378Proefschrift 20230318 met bijlagen.indd   378 30-03-2023   20:2930-03-2023   20:29



Appendix 
List of abbreviations

Proefschrift 20230318 met bijlagen.indd   379Proefschrift 20230318 met bijlagen.indd   379 30-03-2023   20:2930-03-2023   20:29



Proefschrift 20230318 met bijlagen.indd   380Proefschrift 20230318 met bijlagen.indd   380 30-03-2023   20:2930-03-2023   20:29



 381

List of abbreviations

BMI Body mass index

BPR Basic proficiency requirements for the safe use of robotic 
surgery

CC-ERUS European Robotic Curriculum

CCI Charlson comorbidity index

EAU European Association of Urology 

EORTC QLQ-PR25 
scores 

European Organization for Research and Treatment of Can-
cer Quality-of-Life Questionnaire

ERUS European Association of Urology Robotic Urology Section

GDPR General Data Protection Regulation

GEARS Global Evaluative Assessment of Robotic Skills 

GERT Generic Error Rating Tool 

ICARS Interpersonal and Cognitive Assessment for Robotic Surgery 

ICIQ-SF-score International Consultation Incontinence Modular Question-
naire-short form 

ICU Intensive care unit

IGJ Health and Youth Care Inspectorate 

IGZ Dutch Health Care Inspectorate

IIEF-EF- score International Index of Potency Questionnaire

IPSS International Prostate Symptom Score 

MRI Magnetic resonance imaging

MU membranous urethra 

MUL Membranous Urethral Length

MUL membranous urethra length

MUW Maximal Urethral Width

NIVEL Netherlands Institute for Health Services Research 

NOTECHS II  A Modified Theatre Team Non-Technical Skills Scoring Sys-
tem

NOTSS Non-Technical Skills for Surgeons

NTS non-technical-skills 
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NVB Neuro vascular Bundle

NVEC Dutch Association for Endoscopic Surgery 

NVU Dutch society of urology

OR Operating Room

ORC Open Radical Cystectomy 

OSATS Objective Structured Assessment of Technical Skills

OTAS Observational Teamwork Assessment for Surgery

PACE Prostatectomy Assessment and Competence 

PREMS Patient Reported Experience Measures

PROMS Patient-reported outcome measures

PROTEST PRostatectomy video Observation to Evaluate and Score 
Technical skill 

RARC Robot Assisted Radical Cystectomy

RARP robot assisted radical prostatectomy

RAS Robot assisted surgery

SBE Simulation-based education 

SGG Simulator generated guidance 

SUL Surgical urethral length

SUW Surgical urethral Width

VR Virtual Reality

VUL Ventral Urethral Length 

VUW Ventral Urethral width 

WHO World Health Organization
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5. A prospective observational multicentre study concerning non-technical skills in 
robot assisted radical cystectomy versus open radical cystectomy.

A.J.W. Beulens, W.M. Brinkman, E.L. Koldewijn, A.J.M. Hendrikx, J.P. van Basten, 
J.J.G. van Merriënboer, H.G. Van der Poel, C. Bangma, and C. Wagner

European Urology Open Science (2020), Volume 19, pp 37-44

6. Training novice robot surgeons: Proctoring provides same results as simula-
tor-generated guidance

A.J.W. Beulens, Y. Hashish, W.M. Brinkman, P. Umari, S. Puliatti, E.L. Koldewijn, 
A.J.M. Hendrikx, J.P. van Basten, J.J.G. van Merriënboer, H.G. Van der Poel, C. 
Bangma, C. Wagner

Journal of Robotic Surgery (2020), Volume 15, pp 397–428

7. Structured robot-assisted surgery training curriculum for residents in Urology and 
impact on future surgical activity 

A.J.W. Beulens, L. Vaartjes, S. Tilli, W.M. Brinkman, P. Umari, S. Puliatti, E.L. Kold-
ewijn, A.J.M. Hendrikx, J.P. van Basten, J.J.G. van Merriënboer, H.G. Van der Poel, 
C. Bangma, C. Wagner

Journal of Robotic Surgery (2020), Volume 15, pp 497–510

8. Identifying the relationship between postoperative urinary continence and residual 
urethra stump measurements in robot assisted radical prostatectomy patients

A.J.W. Beulens, W.M. Brinkman, P. Umari, E.L. Koldewijn, A.J.M. Hendrikx, J.P. van 
Basten, J.J.G. van Merriënboer, H.G. Van der Poel, C. Bangma, C. Wagner

The International Journal of Medical Robotics and Computer Assisted Surgery, 
(2020), Volume 17, Issue 2, e2196

9. Identifying surgical factors predicting postoperative urinary continence after robot- 
assisted radical prostatectomy

A.J.W. Beulens, W.M. Brinkman, E.L. Koldewijn, A.J.M. Hendrikx, J.P. van Basten, 
J.J.G. van Merriënboer, H.G. Van der Poel, C. Bangma, and C. Wagner

Laparoscopic, Endoscopic and Robotic surgery, [Submitted]
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10. Identifying surgical factors predicting postoperative potency after robot- assisted 
radical prostatectomy

A.J.W. Beulens, W.M. Brinkman, E.L. Koldewijn, A.J.M. Hendrikx, J.P. van Basten, 
J.J.G. van Merriënboer, H.G. Van der Poel, C. Bangma, and C. Wagner

Tijdschrift voor Urologie, [Submitted]

11. Robot-Assisted Radical Prostatectomy: A survey on the influence of postoperative 
results analysis and surgical video review on postoperative complications and func-
tional results.

A.J.W. Beulens, H. Veerman, W.M. Brinkman, E.L. Koldewijn, A.J.M. Hendrikx, J.P. 
van Basten, J.J.G. van Merriënboer, H.G. Van der Poel, C. Bangma, and C. Wagner

Laparoscopic, Endoscopic and Robotic surgery, [Submitted]

Other publications
12. Case report. Infarcering van een testis bij een patiënt met sikkelcelanemie

A.J.W. Beulens, M.B.G Kuenen, L.S.F. Yo en E.L. Koldewijn

Tijdschrift voor de Urologie (2017) Volume 7, Issue 8, pp 188–190

13. High precision bladder cancer irradiation in the elderly: clinical results of a plan-
of-the-day integrated boost technique with image guidance using lipiodol markers.

Beulens, A.J.W. van der Toorn, P.P, de Wildt, M.J.A.M., and Scheepens, W.A

European Urology Oncology, (2019), Volume 2, Issue 1, pp 39-46

14. Artificial intelligence and robotics: a combination that will forever change the oper-
ating room

Iulia Andras; Elio Mazzone; Fijs W.B. van Leeuwen; Geert De Naeyer; Matthias N. 
van Oosterom; Sergi Garcia Beato; Tessa Buckle; Shane O’Sullivan; Pim J. van 
Leeuwen; Alexander Beulens; Nicolae Crisan; Frederiek D’Hondt; Peter Schat-
teman; Henk van Der Poel; Paolo Dell’Oglio, M.D.; Alexandre Mottrie

World Journal of Urology, (2020), Volume 38, issue 10, pp 2359–2366. 
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15. Het nut van een Advanced Robotic skills training voor AIOS. 

Alexander Beulens, Willem Brinkman en Henk van der Poel

Urograaf (2020), edition 4, July 31

16. Diagnostic accuracy of 18F-Flucicovine PET/CT in primary lymph node staging of 
prostate cancer.

R.J. Hoekstra, H.J.E.J. Vrijhof, A.J.W. Beulens, D.N.J. Wyndaele, L.J.M. Brouwer, 
D.M. Somford, J.P.M. Sedelaar, J.P.A. van Basten

Nuclear Medicine Communications, (2021), Volume 42, Number 5, pp 476–481

17. Reassessment of prostate biopsies of referred patients for robot assisted radical 
prostatectomy rarely influences surgical planning

R.J. Hoekstra, W.J.H. Goossens, A. Beulens, H. van Herk, B.M. Hoevenaars, J. de 
Baaij, D.M. Somford, J.P.M. Sedelaar, J.P.A. van Basten, H.J.E.J. Vrijhof

European Urology Open Science, (2021), Volume 28, pp 36-42

18. Treatment of Mild to Moderate Stress Urinary Incontinence with a Novel Poly-
caprolactone-Based Bioresorbable Urethral Bulking Agent 

Evert L. Koldewijn, Dennis J.A.J. Oerlemans, Alexander J.W. Beulens, Michel 
J.A.M. de Wildt, Vera Vandoninck, Stefan De Wachter

Urogynaecologia, accepted
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PHD Portfolio

GENERAL COURSES Year Workload 
(ECTS)

VUmc Academy

Scientific Integrity 2019 2.0

Catharina Hospital Eindhoven

Good Clinical Practice 2017 0.3

Basic Life support 2017 0.15

Begeleiding van Co-assistenten voor AIOS en ANIOS 2017 0.3

Basis lucht weg 2019 0.15

Expert Bladder catheterization 2018 0.15

Training kwaliteit en veiligheid in onderzoek deel 1 en 2 2018 0.3

European Resuscitation Council

Intermediate Life Support 2018 1.0

Maastricht University

Observational research 2019 6.0

EpIdM

Clinimetrics: Assessing measurement properties of health 
measurement instruments

2019 0.68

PHD Portfolio
Name PhD student    Alexander Beulens

PhD Period    July 2017 - June 2020

Name PhD Supervisor   Prof. Dr. C. Wagner
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SEMINARS, WORKSHOPS AND MASTER CLASSES Year Workload 
(ECTS)

Catharina Hospital Eindhoven

Regionale refereeravond: The treatment of Muscle invasive 
bladder cancer, including presentation

2019 1.0

Regionale refereeravond: Hematuria from the urologists 
and nephrologist’s perspective

2019 0.15

Regionale refereeravond: Robot assisted surgery 2020 0.15

Guideline discussion (4 times a year) 2018 - 
2019

1.5

Scientific update (2 times a year) 2017 - 
2020

2.0

Symposium, De standaard prostaatkankerbehandeling 
bestaat niet.

2017 0.15

Integral Cancer Centre Netherlands

Theme-night “muscle-invasive bladder cancer, alternatives 
to a cystectomy” including presentation

2017 1.0

Stichting Werkgroep Endo-urologie Nederland (SWEN)

Scientific program and site visit in General Hospital Toronto 
and St. Joseph’s Hospital London

2018 2.0

ORSI Academy

Robotic surgery training in Residents 2019 2.0

Robotic surgery training in Residents 2020 2.0
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PHD Portfolio

ORAL AND POSTER PRESENTATION Year Workload 
(ECTS)

The value of a one-day multidisciplinary robot surgery training for novice 
robot surgeons.
- Congress Medical Simulation, Time for Change, Dutch so-
ciety for Simulation in Health care, Enschede, Netherland, 
Oral presentation

2018

- 15th Meeting of the EAU Robotic Urology Section, Mar-
seille, France, Poster presentation

2018

The PROTEST PhD-Project, The analysis of the robot surgeon’s skills and or-
igins of complications by analysing the video and movements of the surgical 
robot during the Robot Assisted Radical Prostatectomy (RARP)

- Site visit in General Hospital Toronto and St. Joseph’s 
Hospital London, Stichting Werkgroep Endo-urologie Ned-
erland (SWEN), Oral presentation

2018

The use of multiple video assessment methods to determine the influence 
of surgical skill on potency and continency in patients after robot-assisted 
radical prostatectomy
- 16th Meeting of the EAU Robotic Urology Section, Lissab-
on, Portugal, Poster presentation

2019

- 37th World Congres of Endourology, Abu Dhabi, Abu Dha-
bi, Moderated poster presentation

2019

- 13th International Workshop: Behavioural Science Applied 
to Surgery, Amsterdam, Netherlands, Poster presentation

2019

Linking surgical skills to postoperative outcome, a Dutch Delphi meeting into 
the Robot Assisted Radical Prostatectomy
- 16th Meeting of the EAU Robotic Urology Section, Lissab-
on, Portugal, Poster presentation

2019

- 13th International Workshop: Behavioural Science Applied 
to Surgery, Amsterdam, Netherlands, Poster presentation

2019
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A survey on postoperative results analysis and surgical video review of ro-
bot-assisted radical prostatectomy: How do they do it?
17th Meeting of the EAU Robotic Urology Section, Virtual 
Meeting

2020

Training novice robot surgeons: Proctoring provides same results as simula-
tor-generated guidance
17th Meeting of the EAU Robotic Urology Section, Virtual 
Meeting

2020

Identifying the relationship between postoperative urinary continence and re-
sidual urethra stump measurements in robot assisted radical prostatectomy 
patients
17th Meeting of the EAU Robotic Urology Section, Virtual 
Meeting

2020

Structured robot-assisted surgery training curriculum for residents in Urolo-
gy and impact on future surgical activity
17th Meeting of the EAU Robotic Urology Section, Virtual 
Meeting

2020
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PHD Portfolio

(INTER)NATIONAL CONFERENCES Year Workload 
(ECTS)

Najaarscongres, Nederlandse Vereniging van Urologie, 
Nieuwegein, Netherlands

2017 1.0

Najaarscongres, Nederlandse Vereniging van Urologie, 
Nieuwegein, Netherlands 

2018 0.3

OK Transparant, Amsterdam UMC, Amsterdam, Nether-
lands

2018 0.3

Opereren in de nabije toekomst: Feiten & Fictie III, Stichting 
Collegium Chirurgicum Neerlandicum, Ede, Netherlands

2018 0.3

Congress Medical Simulation, Time for Change, Dutch so-
ciety for Simulation in Health care, Enschede, Netherlands

2018 1.0

Congress Medical Simulation, Lets Workt Togheter, Dutch 
society for Simulation in Health care, Rotterdam, Nether-
lands

2019 1.0

13th International Workshop: Behavioural Science Applied 
to Surgery, Amsterdam, Netherlands 

2019 2.0

15th Meeting of the EAU Robotic Urology Section, Mar-
seille, France

2018 2.0

16th Meeting of the EAU Robotic Urology Section, Lissab-
on, Portugal

2019 2.0

37th World Congres of Endourology, Abu Dhabi, Abu Dhabi 2019 2.0

17th Meeting of the EAU Robotic Urology Section, Virtual 
Meeting

2020 2.0

TEACHING Year Workload 
(ECTS)

Teaching urology residents, including 3 research projects, 
Catharina Hospital Eindhoven

2018 - 
2020

3.0

Hands on training Basic robotic surgery at 16th Meeting of 
the EAU Robotic Urology Section, Lissabon, Portugal

2019 1.0
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Dankwoord Dankwoord
In 2017 ben ik aan dit proefschrift begonnen, na een traject van 3 jaar waarin alles 
zo goed als af was kwam de opleiding tot uroloog, gevolgd door corona en daarmee 
helaas long COVID. Inmiddels nog 3 jaar later komt er een einde aan een periode die 
ik als een van de mooiste periodes van mijn leven heb mogen ervaren. Ik heb fantas-
tische kansen gekregen, heb heel veel interessante mensen leren kennen en ik heb 
de kans gekregen om mijzelf beter te leren kennen als mens, onderzoeker en arts. 
Graag wil ik iedereen bedanken die op een directe of indirecte manier hun bijdrage 
hebben gehad aan het tot stand komen van dit proefschrift. Ik neem hier graag de 
ruimte om een aantal mensen in het bijzonder te bedanken.

Beste Prof. Wagner, Cordula. Ik heb veel bewondering voor de passie waarmee u 
zich inzet voor het onderzoek naar kwaliteit en veiligheid van zorg. Ik ben u dankbaar 
voor de tijd, het geduld en de adviezen die u mij gegeven heeft de afgelopen jaren. Ik 
heb veel van u mogen leren over hoe dingen anders kunnen en anders moeten in de 
medische wereld. Uw visie op de voor u soms zo vreemde wereld in het ziekenhuis 
zal ik nooit vergeten en ik denk met veel plezier terug aan alle discussies die we hier 
over gehad hebben in de afgelopen jaren. Onze gesprekken hebben mede bijgedra-
gen aan mijn besluit om mijn toekomst als uroloog op te geven in ruil voor een car-
rière bij de ouderengeneeskunde. Uw kritische kijk op de medische wereld vanuit een 
voor mij heel ander oogpunt heeft dit promotie traject tot een hoger niveau gebracht, 
ook daarvoor ben ik u erg dankbaar.

Beste Prof. Bangma, Chris. Uw scherpe blik op de onderzoeken hebben ervoor 
gezorgd dat de kwaliteit en diepgang van het onderzoek verder vooruitkwam. Ik wil u 
bedanken voor onze prettige samenwerking. De gesprekken die wij voerden over het 
onderzoek hebben ervoor gezorgd dat ik ook kritisch naar mijn eigen werk bleef en 
met een andere bril naar de wetenschap in zijn geheel ben gaan kijken. Dank voor 
uw begeleiding. 

Beste Prof. Van der Poel, Henk. Je soms onnavolgbare gedachtegang en briljante 
ideeën hebben er mede voor gezorgd dat dit boek zo’n omvang heeft gekregen, elk 
overleg kwam ik terug met meer nieuwe projecten dan waarmee ik het overleg in 
ging. Als wij elk project hadden uitgevoerd had ik nog wel 4 proefschriften kunnen 
schrijven. Tijdens onze overleggen had ik vaak het gevoel dat je minimaal 10 stappen 
op mij voorliep, dit heeft mij geleerd als een wetenschapper te denken en kritisch te 
kijken naar alle ideeën die opkomen. Het heeft mij ook geleerd om grenzen te stellen 
en om kritisch te zijn naar wetenschappelijk onderzoek. Dank voor alle tijd die je voor 
me vrij gemaakt hebt! Zonder jouw video’s zou een groot deel van dit proefschrift niet 
hebben bestaan, dank voor alles!
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Beste Dr. Brinkman, Willem wat ben ik blij dat ik jou had als copromotor. Jij die met je 
nuchterheid alles wist te relativeren. De stress er af haalde en mij wegwijs heeft kun-
nen maken in de wondere wereld van de wetenschap. Ik denk met veel plezier terug 
aan onze middagen bij jullie thuis in Rotterdam aan de keukentafel werkend aan mijn 
promotie gevolgd door een gezellig diner met de familie Brinkman. Jij hebt ervoor 
gezorgd dat ik inmiddels als een doorgewinterde onderzoeker met een kritische blik 
naar mijn eigen en andermans werk kijk. Jij bent het voorbeeld dat je niet hoeft te 
kiezen tussen je privéleven, het werk in de kliniek en je passie voor onderzoek. Dank 
voor alle adviezen en je vriendschap! 

Beste Dr. Koldewijn, Evert. Toen ik bij de urologie begon was jij nog coassistent 
begeleider en heb je mij op jouw vriendelijke doch duidelijke manier de kneepjes van 
het vak geleerd. Dank voor het vertrouwen en voor al jouw inzet tijdens mijn promoti-
etraject maar vooral ook in de jaren na mijn promotietraject. Je bent kritisch, stelt 
hoge eisen aan jezelf en anderen en weet dit op een rustige manier uit te dragen. Jij 
bent een voorbeeld voor mij van hoe ik later als arts in mijn werk wil staan. Jij bent de 
pater familias van de urologie in het CZE en een voorbeeld voor vele jonge collega’s. 
Elke keer als het even niet meezat tijdens mijn promotietraject dacht ik weer aan die 
uitspraak die je tijdens mijn wetenschappelijke stage bezigde als ik er helemaal klaar 
mee was “de wetenschap is een wispelturige muze” en dat klopt. Evert, dank voor 
alles!!

Beste Dr. Hendrikx, Ad. Wat heb ik veel van jou geleerd. Je bent en blijft een begrip 
binnen de urologie. Jij ben een bijzonder mens, ik ben heel blij dat ik jou heb leren 
kennen. Je hebt me op sleeptouw genomen binnen de wereld van de urologie. Jij 
kan deuren open laten gaan die voor anderen gesloten blijven en ik heb daar dank-
baar gebruik van gemaakt. Ondanks dat ik niet verder ga in de urologie hoop ik nog 
jaren mee te mogen werken aan de onderzoeken die allemaal begonnen zijn bij jou. 
Namelijk de onderzoekslijn van “Training in Urologie”, ik ben de nummer zes in de rij 
van jouw promovendi, hopelijk volgen er nog velen. 

Beste prof. Van Merrienboer, Jeroen. Dank voor al inzichten die je mij gegeven hebt 
tijdens het promotietraject. Ik heb ontzettend veel aan je wetenschappelijke adviezen 
gehad. Elke keer als wij als groep medici dachten op de goeie lijn te zitten was jij de 
terechte kritische noot vanuit het onderwijskundige aspect. Dank voor al je hulp!

Beste Dr. Van Basten, Jean-Paul. Dank voor je inzet, enthousiasme en ideeën. Je 
bent kritisch en windt er geen doekjes om, dat vond ik heel fijn! Jouw toevoeging aan 
onze groep heeft gezorgd voor een extra diepgang in de onderzoeken en een nieuwe 
kijk op de onderzoekslijn. Dank je wel! 
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Dank aan alle andere medeauteurs. Dank voor jullie scherpe inzichten, feedback en 
de kritische noot. Petra Porte, Richard Meijer, Paolo Umari, Stefano Puliatti, Leanne 
Vaartjes, Sander Tilli, Paolo Dell’Oglio, Hannah Kiss, Alessandro Larcher, Alex Mot-
trie, Andre Vis, Carl Wijburg, Hans Veerman, en Hanae Namba dank voor jullie inzet.

Zonder proefpersonen was dit promotieonderzoek nooit geworden wat het nu is. 
Dank aan alle patiënten, studenten, AIOS, ANIOS en onderzoekers die meegewerkt 
hebben aan dit onderzoek. Dank voor jullie tijd en deelname. 

Dank aan mijn “collega” promovendi, Diederik Baas en Hans Veerman. Door een 
overlap in promotieteams en onderwerpen hebben we elkaar gevonden en kunnen 
helpen! Dank voor de overleggen en gezelligheid. Binnenkort zijn jullie aan de beurt!

Dank aan de medewerkers van ORSI Academy, zonder jullie was een deel van mijn 
onderzoeken niet mogelijk geweest. Dank voor jullie inzet en samenwerking! 

Beste Urologen van het CZE, Eric, Evert, Wout, Robert, Raoul, en destijds nog 
Michel. Dank voor jullie steun, begrip en begeleiding bij mijn klinische taken tijdens 
mijn promotie traject. Ik kijk met veel plezier terug aan mijn tijd bij jullie eerste als 
coassistent, later als semiarts en toen uiteindelijk als ANIOS en promovendus. Jul-
lie hebben een prachtig vak wat ik, ondanks dat ik inmiddels gestopt ben met de 
opleiding nog een warm hart toedraag. Jullie hebben een mooi team, ik had mij geen 
betere werkplek kunnen bedenken. Dank voor alle wijze lessen.

Lieve (oud)-assistenten van de urologie, lieve oud-collega’s. Dank jullie wel voor alle 
lessen die ik met en van jullie heb mogen leren. Door jullie was mijn promotietraject 
een heel stuk leuker en zonder de borrels had ik het niet gered!! Dank voor alles! 
Sander, Leanne, Mandy, Stephanie, Natalia, Fleur, Ilse, Tim, Tom, Janine, Yasmin, 
Maarten, Mathias, Maartje, Kim, Alwine, Jamie en Carmen. 

Lieve dames en heren van het UBC, de Poli, het vaste OK-team en het team van de 
inmiddels opgeheven afdeling “7-Oost Gyn/Uro”. Jullie maakten het werk in het ziek-
enhuis mooier! Dank voor jullie tijd, steun, gezelligheid en de samenwerking.  

Dank aan alle oud-collega’s van de Heelkunde in het MMC. Chirurgen, A(N)IOSSEN, 
verpleegkundigen, OK-personeel, secretaresses en poli dames. Dank voor alles, mijn 
tijd bij jullie was er een met ups en downs. Ik heb ontzettend veel van jullie mogen 
leren! Speciale dank voor Wouter en Lisanne voor jullie hulp, creativiteit en geduld 
tijdens mijn long-covid periode. Dankzij jullie ben ik nu weer bijna terug bij waar ik 
vandaan kwam. Ouder, wijzer en met meer geduld. Ik had geen fijner team kunnen 
wensen voor de vooropleiding. 
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Dank aan alle leden van de Swen, Torronto was fantastisch! Jullie zorgen er samen 
voor dat de kwaliteit en veiligheid van de urologie in Nederland elk jaar weer tot een 
hoger niveau getild wordt! Dank dat ik jullie daar kort mee heb mogen helpen. 

Lieve Judith, Malou, Kelly, Phylis en Connie. In de afgelopen jaren hebben wij in 
diverse onderzoekshokken samen opgesloten gezeten om aan onze uiteenlopende 
projecten te werken. Ik als vreemde Urologische eend in jullie Gynaecologische kip-
penhok. Dank voor alle afleiding, gezelligheid, en de vele koffiemokken bubbels die 
we daar hebben gedronken om te vieren dat er weer een artikel geaccepteerd was. 
Jullie hebben het onderzoeksleven veel leuker gemaakt. 

Lieve Yasmin, dank voor je hulp, inzicht en scherpe opmerkingen. Jij hebt mij ontzet-
tend veel geholpen tijdens mijn promotie. Je bent een hele fijne collega, ik ben erg 
benieuwd waar jij uiteindelijk voor zal kiezen, een ding is zeker, als je je er voor de 
volle 100% voor inzet gaat dat helemaal goedkomen. 

Beste collega’s van Vitalis dank dat jullie mij de kans gegeven hebben om bij jullie 
te kijken of de ouderengeneeskunde iets voor mij is. Door jullie heb ik een nieuwe 
carrière gevonden en ga ik met hernieuwde energie naar mijn werk. Het onderzoeks-
virus begint bij jullie ook aan te slaan en daar ben ik heel blij mee. Ik wil alle collega’s 
bedanken voor jullie vriendelijkheid, enthousiasme en incasseringsvermogen, na al 
die jaren in het ziekenhuis ben ik niet altijd even subtiel, maar daar weten jullie goed 
mee om te gaan. Dank jullie wel, mede door jullie ben ik nu in opleiding tot specialist 
ouderengeneeskunde en is mijn promotie eindelijk af. 

Lieve Nancy, je bent fantastisch! Dank voor je vriendschap, gezelligheid en de bor-
rels, eerst op het werk en later daarbuiten. Door jou wonen we nu met veel plezier in 
het mooie Breugel. Woorden schieten te kort om te beschrijven wat je voor me betek-
end hebt! Dank voor alles!

Lieve Paranimfen, Lieve Rolf en Laura, het zal voor jullie geen verrassing geweest 
zijn dat jullie voor deze twijfelachtige eer mochten opdraven. Voor mij was de keuze 
een makkelijke. Al sinds 2010 zijn wij samen met Marlous de vier musketiers, hoewel 
we al een tijd niet meer in dezelfde flat wonen zijn jullie er nog altijd als ik jullie nodig 
heb of voor een avondje gezelligheid. 

Lieve Laura, Dr. van Lieshout, jij bent een maand na mij begonnen met je promotie 
traject bij de Gyneacologie, samen hebben wij onze eerste stappen gezet binnen de 
onderzoekswereld. Iets meer dan een jaar geleden ging jij mij voor met de verded-
iging van je proefschrift, wat hebt je het goed gedaan! Ik ben heel blij met jou in mijn 
leven, je bent een fantastisch mens!
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Lieve Rolf, Drs. Gielgens, jij die naar eigenzeggen het geduld niet heeft om onderzo-
ek te doen staat dan nu naast mij op mijn promotie. Ik weet nog goed dat wij samen 
solliciteerden voor ons bestuursjaar bij Santé, het begin van onze vriendschap, 
samen met Laura en Marlous. Wat hebben we veel meegemaakt de afgelopen jaren. 
Jij hebt mij laten zien dat er ook een carrière bestaat buiten het ziekenhuis, bij de 
ouderengeneeskunde! Dank voor al die jaren steun en vriendschap, dat er nog vele 
jaren mogen volgen!

Lieve Marlous, Drs. Thobokholt, (bijna) kinderarts. Dank voor al jouw wijsheid, afleid-
ing en soms wat dubieuze cocktail combinaties. Jij hebt als enige van onze vrienden-
groep je originele droom om kinderarts te worden bijna bereikt. Wat ben je een bikkel. 
Ik ben heel blij met jou als vriendin! Dank voor alles!

Lieve Beau, Bart en Paul, dank voor alle leuke avonden. Jullie zijn begonnen als 
partners van een van de vier en zijn nu niet weg te denken uit onze groep. Nu ieder-
een volwassen is, de eerste kinderen inmiddels geboren zijn, en iedereen zijn wilde 
haren wat kwijtgeraakt is wordt het weer eens tijd voor een avondje keihard feesten. 
Mijn vader zei vroeger altijd achter elke sterke man staat een nog sterkere vrouw, 
deze uitspraak wil ik bij deze aanpassen naar: Achter elke sterke dokter staat een 
nog sterkere partner. Dank voor alles!

Lieve schoonfamilie, Johan, Georgette en Jeroen dank voor jullie begrip en geduld, 
elke keer als ik weer niet mee kon naar een familieactiviteit vanwege dienst of een 
deadline. Dank dat jullie zo geïnteresseerd waren in mijn bezigheiden en voor jullie 
steun. Nu komt er wat meer tijd vrij dus zal ik vaker met Dominic mee komen naar 
jullie!

Lieve Ome Bert en Tante Nelly, mijn 2e ouders, van jongs af aan kan ik me geen 
familie gebeurtenis herrinneren waar jullie niet bij waren. Jullie horen er bij en ook bij 
deze rij aan belangrijke mensen. Dank voor jullie steun, liefde en begrip. Bij jullie kan 
ik altijd terecht voor een luisterend oor!

Lieve Lisette en Robbert. Lisette, mijn ‘zusje’ jij bent er altijd geweest, vanaf je ge-
boorte, 4 dagen voor mij, tot op heden hebben wij alle belangrijke dingen samen 
gedaan. Dank dat jij jij bent, op de mooie maar ook de minder mooie momenten weet 
ik dat ik op je kan rekenen. Robbert, you are an amazing guy and the best thing that 
has ever happend to Lisette! We are so happy to have you in the family, I cant wait to 
celebrate this with some whisky in Scotland. 

Proefschrift 20230318 met bijlagen.indd   407Proefschrift 20230318 met bijlagen.indd   407 30-03-2023   20:2930-03-2023   20:29



408

Appendix

Lieve Adriaan en Anne, dank voor jullie gezelligheid, interesse en steun de afgelopen 
jaren. Ik ben blij jullie broer en schoonbroer te zijn. Helaas mogen Roos en Marie er 
nog niet bij zijn omdat ze nog te jong zijn, maar wellicht dat ze in de toekomst hier 
zelf staan. 

Lieve Mam, wie had dat ooit kunnen denken, dat ik als dyslect hier zou staan om mijn 
proefschrift te verdediging. Een ding is zeker, dit was niet zonder jou gebeurd, die 
jaren van bijles toen ik jong was hebben geresulteerd in een boek van 400+ pagina’s. 
Jij hebt mij altijd gepushed meer uit mezelf te halen. Dank voor al je hulp, steun en 
liefde, zonder jou was ik niet wie ik nu ben. 

Lieve Piet, Dank dat jij er altijd voor mam bent, dank voor alle gezellige momenten in 
Zeeland. Dat er nog vele mogen volgen!

Lieve Pap, ondanks dat je in 2008 bij de start van mijn universitaire carrière bent 
overleden weet ik zeker dat je hier zo trots als een pauw had gestaan. Je zou je denk 
ik verbazen over hoe ver ik gekomen ben van mijn havo diploma naar het afronden 
van mijn promotie. Jij bent altijd in mijn gedachten, mijn geduld, handigheid en analy-
tisch vermogen heb ik van jou gekregen. Ik mis je nog elke dag. 

Lieve Dominic, wat heb jij toch veel met mij afgezien. Hoe heb je het met mij vol 
gehouden. Jij moet vaak gedacht hebben “als ik een artikel was zou hij me meer aan-
dacht gegeven” maar je hield het vol en inmiddels 7 jaar later zijn we er nog steeds. 
Allebei een nieuwe carrière, samen met de katten in ons huisje in het mooie Breugel. 
Jij weet (inmiddels) waar mijn rem zit en kan mij terugfluiten als ik weer eens door 
draaf. Dank voor al je geduld. Samen kunnen we alles aan. Ik hou van je!
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2014  until 2017, Alexander completed a majority of his rotations at Catharina hos-
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