Linking surgical skills to postoperative outcomes
Citation for published version (APA):
Beulens, A. J. W., Brinkman, W. M., Van der Poel, H. G., Vis, A. N., van Basten, J. P., Meijer, R. P.,
Wijburg, C. J., Hendrikx, A. J. M., van Merrienboer, J. J. G., & Wagner, C. (2019). Linking surgical skills to
postoperative outcomes: a Delphi study on the robot-assisted radical prostatectomy. Journal of Robotic
Surgery, 13(5), 675-687. https://doi.org/10.1007/s11701-018-00916-9

Document status and date:
Published: 01/10/2019
DOI:
10.1007/s11701-018-00916-9
Document Version:
Publisher's PDF, also known as Version of record
Document license:
Taverne
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license
Take down policy
If you believe that this document breaches copyright please contact us at:
repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 09 Jan. 2023

Journal of Robotic Surgery (2019) 13:675–687
https://doi.org/10.1007/s11701-018-00916-9

ORIGINAL ARTICLE

Linking surgical skills to postoperative outcomes: a Delphi study
on the robot-assisted radical prostatectomy
A. J. W. Beulens1,2,12 · W. M. Brinkman3 · H. G. Van der Poel4 · A. N. Vis5 · J. P. van Basten6 · R. P. Meijer7 · C. J. Wijburg8 ·
A. J. M. Hendrikx9 · J. J. G. van Merriënboer10 · C. Wagner1,11
Received: 9 October 2018 / Accepted: 18 December 2018 / Published online: 4 January 2019
© Springer-Verlag London Ltd., part of Springer Nature 2019

Abstract
Objective 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).
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 attended 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.
Keywords Delphi · RARP · Video analysis · Prostatectomy · Surgical skills · Postoperative outcomes

Introduction
In the Netherlands, approximately 2500 radical prostatectomies are performed annually of which 90% are performed using the surgical robot, i.e. robot-assisted radical
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prostatectomy (RARP). The RARP is a complex but highly
standardized operation to cure local prostate cancer. However, RARP is hampered by serious side-effects [1–3] such
as urinary incontinence, which occurs in 4 to 26% of the
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patients [4–6], 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 (surgical) 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 disadvantageous
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 defined [15–17], 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 haemostatic 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 instrument?

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) functional outcomes.
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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 analysis.
This assessment instrument will form the basis for further
research on the possible 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 robotassisted radical prostatectomy were selected. In this group,
multiple proctors and educators of different 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
(Appendix Fig. 1): the first step was an online two-round
Delphi Survey involving Dutch urologists experienced in
RARP. 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: (Tables 1, 2).
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.

Journal of Robotic Surgery (2019) 13:675–687

677

Table 1  Domains of statements used in the online Delphi Survey and consensus meeting
Consensus combined
Delphi Survey and panel
(%)

Consensus
Delphi panel
(n)

Consensus
Delphi panel
(%)

6

3

50

79

50

7

2

29

64

9

82

2

0

0

82

11

9

82

2

1

50

91

11

8

73

3

2

66

91

4

4

100

–

–

–

100

7

7

100

–

–

–

100

Consensus Statements in
survey (%) Delphi panel
(n)

Domain

Statements
in survey
(n)

Consensus
in survey
(n)

The relation of the statement to postoperative
complications
The relation of the statement to functional
results
Steps of the surgery associated with complications
Steps of the surgery associated with postoperative
erectile dysfunction
Steps of the surgery associated with postoperative
urinary incontinence
Factors that play a role in
the origins of postoperative complications
Elements that are essential
for the training of novice
surgeons

14

9

64

14

7

11

The statements were used to design a two-round online
Delphi Survey to obtain consensus 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 described in the RAND/
UCLA Appropriateness Method [22], for each item, the
median agreement score, lower limit interpercentile 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 (Table 3) were included in the first online survey
to assess the experts opinions on the project and their willingness 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 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 consensus
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 responsible committee on human experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2013 [23]. Informed
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Table 2  Results of the first and second online Delphi Survey and combined consensus results after Delphi meeting
Statement

MAS*

Consensus

Round 1 Round 1

MAS*

Consensus

Round 2 Round 2

Combined
Consensus after
Delphi meeting

The relation of the statement to postoperative complications
Operating quickly results in better outcomes for the patient (speed
is related to insight and therefore a good measure) in terms of

5

no

6

no

no

6,5

no

7

agree

agree

3

disagree

3

disagree

disagree

1

disagree

5

no

5

3

disagree

3

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 results 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

4

no

5

no

no

4

no

5

no

no

3,5

no

3

disagree

disagree

2

disagree

2

disagree

disagree

complications
Shorter operating times result in fewer complications
The use of as few different instruments as possible lead to fewer
complications
Not to using the 3rd arm of the robot leads to fewer complications.
Zooming in more on the operation field is better (closer gives
better vision) as it leads to fewer complications.

disagree
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 complications.
The suture material used has an influence on the development of
complications.

disagree

disagree

The relation of the statement to functional results
Operating quickly results in better functional outcomes for the
patient (speed is related to insight and therefore a good measure)
Shorter operating times results in improved functional results.
The use of as few different instruments as possible leads to better
functional results
Not to using the 3rd arm of the robot leads to better functional
results.
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Table 2  (continued)
Zooming in more on the operation field is better (closer gives

7

agree

7

agree

agree

4

no

2,5

disagree

disagree

The suture material used has an influence 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

4

no

6

no

no

7

agree

7

agree

agree

Placing fewer stitches results in improved 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

Abdominal cavity approach/port placement

5

no

6

no

no

Retropubic space approach/mobilisation 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

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

Abdominal cavity approach/port placement

1

disagree

disagree

Retropubic space approach/mobilisation 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

better vision) as it leads to better functional results.
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

A lower estimated blood loss results in improved functional
results.
A shorter duration of coagulation results in improved functional
results

Steps of the surgery associated with complications

Ligation of prostate pedicles

Steps of the surgery associated with postoperative erectile
dysfunction

agree
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Table 2  (continued)
Management of prostate apex/urethra

9

agree

agree

Prostate removal

1

disagree

disagree

Urethro-vesical anastomosis

7

agree

7

agree

agree

4,5

no

4

no

agree

1

disagree

disagree

Abdominal cavity approach/port placement

1

disagree

disagree

Retropubic space approach/mobilisation of Retzius

1

disagree

disagree

Pelvic floor muscle exposure/opening of the endopelvic fascia

7

agree

7

agree

agree

6,5

no

6.5

no

no

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

8,5

agree

9

agree

agree

Lymph node dissection

2

disagree

3

disagree

disagree

Wound closure and specimen removal

1

disagree

disagree

disagree

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

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

Lymph node dissection
Wound closure and specimen removal
Steps of the surgery associated with postoperative urinary
incontinence

Bladder neck dissection

Urethro-vesical anastomosis

Factors that play a role in the origins of postoperative
complications

Elements that are essential for the training of novice surgeons

*MAS Median Agreement Score
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Table 3  The participants and
their institute, occupation and
voting status

681

Participant

Institute

Occupation

Voting status

H. van der Poel

Antoni van Leeuwenhoek Hospital,
Amsterdam/Netherlands Cancer Institute, Amsterdam
University Medical Center Utrecht
Jeroen Bosch Hospital, Den Bosch
Erasmus Medical Centre, Rotterdam
Rijnstate Hospital, Arnhem
Catharina Hospital, Eindhoven
Maastricht University
Erasmus Medical Center, Rotterdam
Catharina Hospital, Eindhoven/Netherlands institute for health services
research (NIVEL), Utrecht

Urologist

Voting

Urologist
Urologist
Urologist
Urologist
Urologist NP
Educational expert
Urologist in training
PhD student

Voting
Voting
Voting
Voting
Non-voting
Non-voting
Non-voting
Non-voting

R. Meijer
H. Beerlage
M. Busstra
C. Wijburg
A. Hendrikx
J. van Merienboer
W. Brinkman
A. Beulens

consent was obtained from all participants for being included
in the study.

Results
Delphi Survey
The results of the preliminary focus group meeting were used
to formulate 72 statements on surgical steps and possible perioperative events of the RARP procedure and their possible
association with (1) direct postoperative complications and
(2) functional outcomes. These statements were divided over
seven domains and incorporated 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.
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.
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 difficulties with
the survey resulting in a partial response to the questionnaire.

General questions
Results of the general questionnaire (Table 3) 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 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%).

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 4.

Final consensus statements
Table 2 shows the statements on which consensus was
reached, organized per domain. 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) (Appendix Table 5). This instrument contains the
seven steps of the RARP surgery and the perioperative measurements that are considered to be most likely to be related
to complications and adverse postoperative outcomes.
The relation between the statements and postoperative
complications
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
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Table 4  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 patients (several options possible)?
Yes, because we can learn from mistakes made
Yes, because we can develop new and better surgical techniques
No, because there is a chance that the considerations of the surgeon and patient selection play a more important role than the
actual operation
Is it possible in your view to predict possible perioperative and postoperative complications by means of video assessments?
Yes
Is it possible in your view to predict postoperative (functional) outcomes by means of video assessments?
Yes
Is it possible in your view to reduce the risk of complications by means of data obtained by video analysis?
Yes
Are you prepared to participate in the analysis of surgical videos?
Yes
Do you record the robot-assisted radical prostatectomy procedure on videos?
Yes
Do you have the option to correlate outcome data such as complications and functional outcomes to surgical videos?
Yes

83.33 (10)
83.33 (10)
8.33 (1)

75 (9)
83,33 (10)
92% (11)
100% (11)
80% (8)
90.1% (10)

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 disagreed with the statement “It is better not to use the third arm
of the robot when looking at complications”.

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

The relation between the statements and functional results

Steps of the surgery associated with postoperative erectile
dysfunction

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 complications.
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.

13

The Delphi Survey panel reached a consensus of ‘agreement’ on four out of 11 statements 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 erectile dysfunction. A consensus of ‘disagreement’
was reached on five out of 11 statements, 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
incontinence
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 ‘disagreement’ on five out of 11 of these

Journal of Robotic Surgery (2019) 13:675–687

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 endopelvic fascia”, and “Urethrovesical anastomosis”.
Factors that play a role in the origins of postoperative
complications
Both the Delphi Survey and the consensus meeting reached
a consensus of ‘agreement’ 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 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 training (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”.

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 association, we invited all Dutch experts
in RARP to participate in a standardized Delphi 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

683

analysis to be useful for the improvement 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 between the duration of coagulation and the level of adverse postoperative
functional results.
The panel agreed that postoperative complications,
postoperative erectile dysfunction and postoperative urinary incontinence could result from events during the following 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”, “Urethrovesical anastomosis”, “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 meeting, the PROTEST assessment
instrument was developed (Appendix 2). 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 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 removal”, 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 instruments [15, 24, 25],
the developed PROTEST assessment instrument shows
a combination 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 scoring 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
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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 performing this features, there is
no room to score subjective surgical skill [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 instrument,
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 assess 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 assessments
by means of the PROTEST instrument can help in the training of novice surgeons and improving the skills of RARP
surgeons.

Journal of Robotic Surgery (2019) 13:675–687

participants might add other factors that could contribute to
complications after RARP. 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.

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 complications 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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Limitations

Appendix

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 international

See Table 5 and Fig. 1.
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Table 5  PROTEST assessment instrument
PROTEST assessment instrument
Pelvic floor muscle exposure

Bladder neck dissection

Ligation of prostatic pedicles

Nerve preservation

Management of prostatic apex/urethra

Surgical skill

1 = uncoordinated
1 = inaccurate

Total time step (s)
Time bleeding (s)
Time coagulating (s)
Time suturing (s)
Number of times camera removal (n)
Comments
Events
Surgical skill
1 = uncoordinated
1 = inaccurate
Total time step (s)
Time bleeding (s)
Time coagulating (s)
Time suturing (s)
Number of times camera removal (n)
Comments
Events
Surgical skill
1 = uncoordinated
1 = inaccurate
Total time step (s)
Time bleeding (s)
Time coagulating (s)
Time suturing (s)
Number of times camera removal (n)
Comments
Events
Surgical skill
1 = uncoordinated
1 = inaccurate
Total time step (s)
Time bleeding (s)
Time coagulating (s)
Time suturing (s)
Number of times camera removal (n)
Comments
Events
Surgical skill
1 = uncoordinated
1 = inaccurate
Total time step (s)
Time bleeding (s)
Time coagulating (s)
Time suturing (s)
Number of times camera removal (n)
Comments
Events

2
2

3
3

4
4

5 = perfect coordination
5 = perfectly accurate

2
2

3
3

4
4

5 = perfect coordination
5 = perfectly accurate

2
2

3
3

4
4

5 = perfect coordination
5 = perfectly accurate

2
2

3
3

4
4

5 = perfect coordination
5 = perfectly accurate

2
2

3
3

4
4

5 = perfect coordination
5 = perfectly accurate

13

686

Journal of Robotic Surgery (2019) 13:675–687

Table 5  (continued)
PROTEST assessment instrument
Urethrovesical anastomosis

Surgical skill

1 = uncoordinated
1 = inaccurate

Total time step (s)
Time bleeding (s)
Time coagulating (s)
Time suturing (s)
Number of times camera removal (n)
Comments
Events
Lymph node dissection (if applicable)
Surgical skill
1 = uncoordinated
1 = inaccurate
Total time step (s)
Time bleeding (s)
Time coagulating (s)
Time suturing (s)
Number of times camera removal (n)
Comments
Events
Was bladder neck preservation attempted (Y/N)?
Were 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 (s)
Total time bleeding (s)
Total time coagulation (s)
Total time suturing (s)
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

13

2
2

3
3

4
4

5 = perfect coordination
5 = perfectly accurate

2
2

3
3

4
4

5 = perfect coordination
5 = perfectly accurate
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1st online
survey
2nd online
survey
Delphi
Meeng

72 statements
18 invited respondents
10 complete responses, 2 par al responses

54 statements
18 invited respondents
8 complete responses, 1 par al response

19 statements
18 invited respondents
5 complete responses

Fig. 1  Visual representation of the Delphi Survey
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