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Towards development and validation of an intraoperative 
assessment tool for robot-assisted radical prostatectomy 
training: results of a Delphi study
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Introduction: As urology training shifts toward competency-based frameworks, the 
need for tools for high stakes assessment of trainees is crucial. Validated assessment 
metrics are lacking for many robot-assisted radical prostatectomy (RARP). As it is 
quickly becoming the gold standard for treatment of localized prostate cancer, the 
development and validation of a RARP assessment tool for training is timely.
Materials and methods: We recruited 13 expert RARP surgeons from the United States 
and Canada to serve as our Delphi panel. Using an initial inventory developed via a 
modified Delphi process with urology residents, fellows, and staff at our institution, 
panelists iteratively rated each step and sub-step on a 5-point Likert scale of agreement 
for inclusion in the final assessment tool. Qualitative feedback was elicited for each 
item to determine proper step placement, wording, and suggestions.
Results: Panelist’s responses were compiled and the inventory was edited through three 
iterations, after which 100% consensus was achieved. The initial inventory steps were 
decreased by 13% and a skip pattern was incorporated. The final RARP stepwise in-
ventory was comprised of 13 critical steps with 52 sub-steps. There was no attrition 
throughout the Delphi process.
Conclusions: Our Delphi study resulted in a comprehensive inventory of intraoperative 
RARP steps with excellent consensus. This final inventory will be used to develop a 
valid and psychometrically sound intraoperative assessment tool for use during RARP 
training and evaluation, with the aim of increasing competency of all trainees.
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InTRODucTIOn

Surgical education has recently undergo-
ne a paradigm shift towards competency-based 
frameworks for surgical training and evaluation. 
A need for improved training, certification, and 
recertification in Urology has been recognized. As 
such, health care regulatory bodies in the United 
States, Canada, and Europe are revising curricula 
with a new focus on what trainees should know 
in order to be deemed competent (1-3). With this 

shift, the need for valid, reliable, and feasible as-
sessment tools exists; however, there is a paucity 
in many surgical specialities. Robot-assisted uro-
logic surgery (RUS) is rapidly gaining in accessi-
bility and popularity, with robot-assisted radical 
prostatectomy (RARP) now considered the frontli-
ne treatment for clinically localized prostate can-
cer. Yet, no standardized training or evaluation 
models have been developed for RARP. While its 
anatomic technique has been well- described by 
Menon and colleagues since its initiation in 2000, 
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with their most recent report in 2012 (4), reliable 
objective metrics for trainee evaluation of RARP 
have not been established.

 The daVinci Surgical System® (Intuitive 
Surgical, Sunnyvale, CA) boasts multiple tech-
nical advantages over traditional laparoscopic 
and open radical prostatectomy, and affords a 
more practicable and ergonomic environment to 
enhance the learning curve (5, 6). Evidence sug-
gests that RARP produces more favorable patient 
outcomes when compared to its traditional coun-
terparts (7, 8). As RARP is the most commonly 
performed robotic procedure worldwide (9), and 
RUSs such as radical and partial nephrectomy 
and pyeloplasty are becoming more prevalent, 
proposed best practices, training and credentia-
ling criteria, standard operating practices (SOPs), 
and frameworks for effective incorporation of ro-
botic surgical programs into institutions is time-
ly. The American Urological Association (AUA) 
has recently proposed SOPs for robotic surgery 
that include minimum requirements for granting 
urologic robotic privileges (5); however, consen-
sus has not yet been reached for a standardized 
curriculum and credentialing system. Several 
academic centers have published their own gui-
delines for RUS credentialing; but again, a lack 
of universal consensus exists (10). Regarding 
RARP credentialing, Zorn and colleagues recen-
tly published recommendations on behalf of the 
Society of Urologic Robotic Surgery (SURS) (11), 
and McDougall and colleagues have established 
a successful mini-residency for RARP (12) that 
provides a framework for postgraduate teaching. 
More recently, best practices for RARP have been 
proposed (13); despite the efforts of numerous 
organizations, a consensus for training, creden-
tialing, and assessment of competency for RUS, 
including RARP, have not yet been achieved (5).

 Inanimate and virtual reality (VR) simula-
tion has played a significant role in the training of 
robotic surgery. Clear benefits of simulation have 
been established in the literature, suggesting shorter 
operative time and fewer medical errors when skills 
transfer to the high-stakes environment of the ope-
rating room (OR) (14, 15). Further, the validity of the 
da Vinci Skills Simulator (Mimic™ VR software) has 
recently been established (16-18), providing support 

for an effective training platform, especially when 
surgical training time with the da Vinci is extreme-
ly limited. Despite preparing trainees for the robo-
tic environment, it has not yet been unequivocally 
demonstrated that these simulated robotic skills can 
indeed transfer to the OR. Further, procedure-specific 
VR programs for RARP are not yet widely available.

 Based on a clear need for a standardized in-
traoperative assessment tool for RARP to measure 
and establish competency during training, we set out 
to design a step-wise clinical assessment tool for the 
RARP procedure. We report on a study to address the 
first stage in this process, which comprises the deve-
lopment of an inventory of procedural RARP steps 
and sub-steps as defined by a panel of expert RARP 
surgeons via a modified Delphi process.

MATERIALs AnD METhODs

Study Design and Population
 A modified Delphi process was employed 

to achieve consensus of the items that expert 
RARP surgeons believe ought to comprise the as-
sessment tool. The Delphi technique is an iterative 
structured group communication method to solicit 
expert opinion about new or complex problems, 
conducted through a series of questionnaires (ty-
pically three to four rounds) with controlled fee-
dback each round (19). The Delphi process goal is 
to achieve expert consensus using qualitative and 
quantitative methodology. The feedback process 
allows and encourages participants to reassess 
their initial judgements and revise them throu-
ghout the iterations (20). Anonymity and confi-
dentiality are maintained for each panel member. 
The controlled feedback process eliminates biases 
that often occur during group consensus approa-
ches like panel meetings and focus groups. Fur-
ther, Delphi statistical analysis ensures that each 
member’s opinions are well represented in the fi-
nal iteration, as it allows for objective and impar-
tial analysis when summarizing the data (20). We 
first employed a modified Delphi study with uro-
logy staff surgeons, fellows, and residents at our 
institution to develop a preliminary inventory of 
RARP steps. Following the internal process, we re-
cruited a panel of expert RARP surgeons external 
to our institution to participate in a Delphi study 
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to evaluate and edit the initial inventory, with the 
goal of developing a final inventory of steps and 
sub-steps for RARP.

Internal Delphi Process
Following ethics approval, we recruited 

seven participants at our institution to serve as 
a Delphi panel. This included two RARP experts 
(performed >300 RARP cases), one urology fellow, 
and four senior urology residents. The fellow and 
residents all had extensive experience as a RARP 
bedside assistant and the majority had some intra-
operative da Vinci console experience. Our ratio-
nale for employing the modified internal Delphi 
technique was to create a RARP procedural inven-
tory from scratch, in accordance with Delphi me-
thodology. We provided each member of the group 
with a RARP video from our case database and 
asked members to create a list of the critical steps 
and sub-steps of the entire procedure, referring to 
the video as necessary. This began by using an 
open-ended format followed by a checklist system 
for inclusion criteria. Qualitative comments were 
encouraged and modifications were made. Four 
iterations were conducted until 100% consensus 
was reached. It was then circulated to all members 
for final approval.

External Delphi Process
 The expert panel was recruited via email 

by two expert RARP surgeons at our institution. 
Twenty-nine expert RARP surgeons from Cana-
da (17) and the United States (12) were asked to 
participate. Potential participants were provided 
with a comprehensive background of the study 
process, and those who chose to participate provi-
ded informed consent via by email, with the final 
panel totaling thirteen participants. The literature 
recommends that a total of ten to eighteen panel 
members is sufficient for consensus if the sam-
ple is homogenous (11, 21). An advanced version 
of the web-based SurveyMonkey® software (Palo 
Alto, CA) was used to create and submit each of 
the survey iterations. This email-based system 
provided us with controlled, quantitative and qua-
litative feedback, and allowed for analysis of data 
through Excel, SPSS, graphical formats, and data 
summaries.

 Four iterations were conducted. The first 
round’s survey was derived from the internal 
Delphi’s inventory of steps. A 5-point Likert scale 
with a neutral option was used for each response op-
tion and panel members were instructed to rank the 
importance, in terms of agreement, of whether each 
primary step and sub-step ought to be included in a 
RARP assessment tool. They were also encouraged 
to provide feedback for each item, and overall com-
ments at the end of the survey. Panel members had 
the option to anonymously contact the study team 
with questions during the process, and for reference, 
all members were provided a link to the same RARP 
video distributed during the internal Delphi study. 
The initial survey was piloted with two urologic sur-
geons at our institution. Following the first survey 
distribution, three reminders were sent at predeter-
mined weekly intervals until all responses were re-
ceived. Results of the first round were analyzed and 
edits to the inventory items were made based on 
feedback, while some sub-steps were moved in the 
sequence and/or eliminated based on score consen-
sus. Each item’s consensus was based on Ulschak’s 
(22) criteria, whereby 80 percent of subject’s votes 
fall within two categories on a 5-point scale. If ite-
ms fell beneath a mean of 3.0, they were either de-
leted from the inventory or modified as suggested 
by panelists. Even when consensus was reached to 
keep the items, several required modifications based 
on feedback. The final iteration’s methodology was 
modified per Delphi protocol to adjust to a 4-point 
Likert scale, eliminating the neutral response option 
to minimize satisficing. For consensus to be achie-
ved on a 4-point scale, it is recommended that at 
least 70 percent of Delphi subjects need to rate a 
mean of 3.25 or higher on each item (20). Descrip-
tive statistics were analyzed in SPSS v22® for each 
round of the Delphi process.

REsuLTs

 Detailed demographics of the expert Del-
phi panel participants are described in Table-1. All 
thirteen participants were male and the majority 
were fellowship trained in robotic surgery. At the 
time of the study, each panelist was performing 
RARPs at high volume academic tertiary care cen-
ters within the U.S. or Canada.
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 Results of the internal Delphi process 
included an overall reduction of inventory 
steps and sub-steps of 18% over a total of three 
iterations, with a fourth iteration serving to 
determine final agreement. The final inventory 
received 100% consensus and consisted of 13 
critical steps and 60 sub-steps in total.

 This initial inventory was used as the 
framework for the external Delphi study. Af-
ter the first round, there was a 58% consensus 
of the RARP steps and sub-steps. Qualitative 
and quantitative feedback led to the removal 
of 4 sub-steps and required the addition of 2 
skip patterns in the algorithm, specifically with 
regard to the approach to the prostate (ante-
rior versus posterior) and timing of the lymph 
node dissection (Figure-1). The second itera-
tion reached 75% consensus and further redu-
ced the number of sub-steps to a total of 52. 
The third round reached 100% consensus. The 
fourth round served to determine whether the 
inventory was indeed the final version based 
on agreement by panel members (Figure-2). The 
internal and external Delphi processes are ou-
tlined in Figure-3.

DIscussIOn

 Despite the widespread use of the da Vin-
ci Surgical System, relatively little attention has 
been paid to robotic curricula and assessment me-
trics for training (5, 10, 14, 15). Currently, the-
re are no standardized guidelines for teaching, 
evaluating, and credentialing robotic surgery. In 
2014, Smith and colleagues (23) reported on se-
veral consensus conferences that took place with 
fourteen societies in an effort to develop a stan-
dardized process for certifying the skills of robotic 
surgeons. This has been termed Fundamentals of 
Robotic Surgery (FRS), which was modeled after 
the Society of American Gastrointestinal and En-
doscopic Surgeon’s (SAGES) validated and widely 
used Fundamentals of Laparoscopic Surgery (FLS) 
curriculum (23). However, this is generically de-
signed for all types of robotic surgery, and there-
fore cannot be applied to specific procedures wi-
thout first tailoring it to the procedure.

Table 1 - Demographics of External Delphi panel.

N (%)

sex

Male 13 (100)

Age

35-44 10 (77)

45-54 3 (23)

practice setting

Tertiary Care 13 (100)

Community 0 (0)

practice Location

Canada 9 (69)

USA 4 (31)

Years in practice

1-5 3 (23)

6-10 5 (38.5)

10-15 4 (30.8)

>15 1 (7.7)

fellowship

Yes 11 (84.6)

No 2 (15.4)

Years performing RARp

1-2 4 (30.8)

3-4 4 (30.8)

5-7 4 (30.8)

8-10 1 (7.6)

RARp per month

1-5 10 (76.9)

6-10 2 (15.4)

10-15 1 (7.7)

>15 0 (0)
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figure 1 - critical steps for RARp algorithm.

 The current surgical education landscape 
favors global rating scales (GRSs) over checklists, 
as GRSs have been shown to improve validity and 
reliability. The recently published and validated 
Global Evaluative Assessment for Robotic Skills 
(GEARS) assessment tool (24), which was derived 
from the validated Global Operative Assessment 
of Laparoscopic Skills (GOALS) tool for laparosco-

pic surgery (25), expanded on the innovative work 
of Martin et al. to create a generalized assessment 
tool for robotic surgery (26). However, GEARS is 
not task-specifi c; therefore when used, it must be 
tailored to the task being evaluated. An example 
of a task-specifi c GRS is the recently proposed Ro-
botic Anastomosis Competency Evaluation (RACE) 
that purports to assess the technical skills of per-

Step 1: Positioning Patient

Step 4: Dropping the Bladder

Step 5: Ligation of DVC

Step 6: Division of Bladder Neck

Step 8: Nerve Sparing

Step 2: Abdominal Access and
Insuffl ation

Step 3: Seminal Vesicle Dissection
- Posterior Approach

Step 4A: Bilateral Lymph Node
Dissection

Step 9: Division of DVC and
Urethra

Step 7B: Division of Vascular
Pedicles

Anterior Approach Posterior Approach

Step 7A: Division of Vascular
Pedicles

Step 10: Bilateral Lymph Node
Dissection

Step 12: Vesicourethral
Anastamosis

Step 13: Specimen Retrieval and
Closure

Step 11: Hemostasis

Skip if use Anterior
approach

Skip to Step 5 if perform
lymph node dissection
after division of DVC/

Urethra (Step 9)

Skip to Step 11 if 
completed Step 4A
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figure 2 - final inventory of steps and sub-steps.

Step 1: Positioning Patient
a) Padding and taping – arms tucked
b) Prep, drape, and insert Foley catheter
c) Trendelenberg positioning
d) Mark patient (incision markings)

Step 2: Abdominal Acess and Insuflation
a) Veress, Direct Optiview, or Hassan technique for access at umbilicus
b) Insuflation
c) Camera port placement
d) Laparoscopic-guided port placement using landmarks
e) Dock robot and insert robotic instruments under direct vision

Step 3: Posterior Approach to Seminal Vesicles
a) Retract bowel from pelvis and lysis of adhesions as necessary
b) Incise peritoneum in Pouch of Douglas, develop retrovesicle space, and identify seminal vesicles and vas deferens
c) Mobilization and visiono of vas deferens
d) Dissect seminal vesicle with care to avoid ureters

Step 4: Dropping the Bladder
a) Divide median and medial umbilical ligaments and develop the space of Retzius
b) De-fat the prostate
c) Divide the superficial DV, incise the endopelvic fascia, sweep levator muscle off prostate, and skeletonize apex
d) Identify acessory pudendal vessels if present, preserve if possible
e) Divide puboprostatic ligaments-optional

Step 4a/10: Bilateral Lymph Node Dissection
a) Identify external iliac artery
b) Incise fibroareolar tissue over external iliac vein
c) Identify and preserve the obturator nerve
d) Distal dissection to Cloquet’s node and division once secured witch clip
e) Disset out the obturator lymph node packet; extended node dissection as indicated
f) Remove lymph node packets individually using graspers

Step 5: Ligation of Dorsal Venous Complex
a) Secure DVC with suture ligature or stapler
b) Secure back bleeding with additional suture ligature or with cautery (optional-depending on personal technique)
Step 6: Division of Bladder Neck
a) Retract bladder, identify bladder neck, and identify prostatovesical junction
b) Division of anterior bladder neck and identify Foley catheter at midline use monopolar cautery
c) Deflate ballon and deliver Foley tip and dissect remainder of anterior bladder neck with dissection curving toward contour of the 
prostate base
d) Division of posterior bladder neck and retrotrigonal fascia; identification of previously dissected vas and seminal vesicles
e) Satisfactory dissection of median lobe

Step 7A: Ligation and Division of Vascular Pedicles (Anterior Approach)
a) Identify vas deferens in the midline
b) Mobilize seminal vesicles bilaterally
c) Clip, cauterize, or suture and divide the vas deferens, blood supply to seminal vesicles, and vascular pedicles of the prostate

Step 7B: Ligation and Division of Vascular Pedicles (Posterior Approach)
a) Identify and develop pedicles to the prostate, use suture or clip and divide
b) Dissect below Denonvillier’s fascia if indicated

Step 8: Bilateral or Unilateral (Full or Partial) Nerve Sparing or Resection
a) Incision of periprostatic fascia (if indicated)
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b) Release of neurovascular bundle off prostate, high release of nerves (if indicated)
c) Release continued to apex of prostate
Step 9: Division of Dorsal Vein and Division of Urethra
a) Divide DVC (if not already stapled)
b) Complete the apical dissection with sharp dissection
c) Expose the urethra
Step 4A/10: As above
Step 11: Hemostasis
a) Careful hemostasis, decrease pneumoperitoneum and examine for bleeding
Step 12: Vesicourethral Anastamosis
a) Reconstruct bladder neck if necessary
b) Perform vesicourethral anastomosis using running suture line and place final catheter
c) Test anastomosis by filling bladder and check for watertight closure (fill bladder), repair leaks where appropriate
Step 13: Extraction of Specimen and Closure
a) Undock the robot
b) Remove speciment with endocatch bag via extension of midline port site
c) Introduce and position Jackson Pratt(JP) drain-optional
d) Desufflate the abdomen
e) Fascial closure of extraction site
f) Port site closure
g) Inject local anesthetic subcutaneously in excision port sites (can be performed when incisions are first made, at the end, or both)

forming a urethrovesical anastomosis during RARP 
(27). Metrics for assessing the competency of the 
entire RARP procedure are lacking; thus, our deve-
lopment of a consensus-based inventory of RARP 
steps is the first attempt at creating a valid and 
reliable stepwise RARP assessment tool for use in 
training. Research by Ali et al. and Schreuder et 
al. (28, 29) and Rashid et al. (30) have demonstra-
ted that a proficiency-based stepwise approach to 
learning robotic training is both feasible and safe. 
Thus, instead of relying on a single GRS, our pro-
posed assessment tool will allow surgical educators 
to rate trainees on each step of the RARP procedure 
as they progress through the learning curve.

 The use of a modified Delphi methodology 
via survey software was ideal for gaining expert 
consensus on the critical main steps and the sub-
-steps of the RARP procedure, as it offered a sys-
tematic process for data collection. Firm timelines 
were used and regularly scheduled reminders were 
sent out during each round. We minimized attri-
tion by selecting participants with a high interest 
in RARP training and by informing participants of 
the processes and goals of the study at the outset 
and by maintaining regular two-way communi-
cation. Anonymity was also preserved, allowing 
participants to overcome any communication bar-
riers inherent in face-to-face interaction and fo-

cus groups, and participants were able to modify 
their views without the element of social pressure. 
Furthermore, the technique allowed for time flexi-
bility, as respondents were able to complete their 
surveys on their own time. The process also affor-
ded the respondents controlled feedback whereby 
they were able to see the inventory develop with 
each iteration, allowing them to observe that their 
input was leading to tangible results.

 Limitations of the process included selec-
tion bias, as respondents were known to the two 
recruiting surgeons; however, maintaining anony-
mity throughout the process helped to control for 
this bias. Still, potential respondents may have 
felt social pressure to participate. Furthermore, 
inherent to all Delphi studies, the judgments were 
those of a select group of people and may not 
necessarily have been representative of all RARP 
surgeons. Additionally, Delphi methodology inhe-
rently limits or excludes outliers on a scale of an 
item and forces a more middle of the road con-
sensus. This was mediated by including space for 
qualitative feedback for each item evaluated.

We have begun to develop an assessment 
tool based on the stepwise inventory, with 
evaluation metrics built in for each step. We have 
maintained a prospective database of RARP 
cases that will be used for rating each step. 
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figure 3 - Outline of the Delphi process.

Internal Delphi process
1. Participant recruitment

a) Internal to our institution
b) N = 7 (2 RARP experts, 1 urology fellow, 4 senior urology residents)

2. Panel members were asked to create an inventory of RARP steps and sub-steps
a) RARP procedure video provided for reference

3. After first iteration, the draft of the steps and sub-steps was emailed to each panel member
a) Checklist created for each step to determine inclusion/exclusion
b) Qualitative comments encouraged throughout the process

4. Four iterations conducted until 100% consensus reached
a) Modifications to inventory made during each round
b) The final inventory was circulated to each panel member for approval

External Delphi process
1. Participant recruitment

a) External to our institution
b) 29 expert surgeons within North America (17 from Canada, 12 from United States) were emailed an invitation to participate
c) Based on agreement to participate, 13 RARP surgeons comprised the final Delphi panel
d) All participants remained anonymous throughout the entire process

2. First iteration
a) Based on the internal Delphi panel’s final inventory
b) Survey was created using SurveyMonkey® and included a 5-point Likert scale of agreement as to whether each primary step 
and sub-step should be included in the final inventory that would eventually be used to develop and validate a RARP procedural 
assessment tool
c) Pilot survey was conducted with two urologic surgeons within our institution before being sent to the Delphi panel (edits 
were made based on feedback)
d) Survey was sent out to all panel members with detailed instructions for completion
e) Space for comments was provided for each primary step and sub-step
f) Three reminders were sent at predetermined weekly intervals as required (through the SurveyMonkey® program) until all 
responses were received
g) Results were analyzed and edits made based on consensus and qualitative feedback

3. Second iteration
a) Conducted following the same protocol as the first iteration

4. Third iteration
a) Conducted following the same protocol as the previous two iterations
b) The Likert scale of agreement was modified via Delphi protocol to a 4-point scale, thus eliminating the “neutral” response 
option to minimize satisficing

5. Fourth and final iteration 
a) All panel members were sent the final inventory and asked to state whether they approved of it
b) Ensured that 100% agreement was achieved, concluding the Delphi process

Experts will be recruited and asked to rate the 
endoscopic videos of resident (PGY3-5) and expert 
cases using the GEARS tool to assess each step. 
Experts will be blinded to level of training. To 
minimize time burden, participants will be asked 
to evaluate only two steps at a time until each 
step has been assessed. Access to the videos will 
be provided by a secure link sent via email. Our 
goal is to develop and validate a reliable stepwise 
RARP assessment tool based on our inventory of 

steps acquired during this Delphi process. This 
assessment tool may eventually be incorporated 
into residency and/or fellowship curricula for 
use during intraoperative RARP training. The 
potential for changes to the RARP inventory is 
indeed possible as we receive additional feedback 
on the evaluation tool, especially with regard to 
alternate means of techniques during the steps, 
with the potential to include issues specific to 
plausible patient outcomes.
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cOncLusIOns

 Our team has successfully developed an 
inventory of crucial steps and sub-steps for RARP 
based on expert consensus using Delphi metho-
dology. We aim to develop and validate a reliable 
assessment tool that will be based on this stepwise 
inventory and can be used during intraoperative 
RARP training to improve competency of trainees 
as they learn RARP.

ABBREvIATIOns

RARP = robot-assisted radical prostatectomy
RUS = robotic urologic surgery
SOP = standard operating practices
AUA = American Urological Association
SURS = Society of Urologic Robotic Surgery
VR = virtual reality
OR = operating room
FRS = Fundamentals of Robotic Surgery
SAGES = Society of American Gastrointestinal 
and Endoscopic Surgeons
FLS = Fundamentals of laparoscopic Surgery
GEARS = Global Evaluative Assessment for Ro-
botic Skills
GRS = Global Rating Scale
GOALS = Global Operative Assessment of Lapa-
roscopic Skills
RACE = Robotic Anastomosis Competency Evaluation
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