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Abstract

Background Currently, no generally accepted curriculum for operating room nurses (OR nurses) working with robotic-
assisted surgery (RAS) exists. OR nurses working with RAS require different competencies than regular OR nurses, e.g.
knowledge of the robotic system and equipment and specific emergency undocking procedures. The objective of this study
was to identify learning goals for a curriculum for OR nurses working with RAS and to investigate which learning methods
should be used.

Methods A three-round Delphi approach, with an additional survey, was used in this study. Four OR nurses from every
department in gynecology, urology, and surgical gastroenterology doing RAS in Denmark were invited to participate.
Results The response rates were 93%, 81%, and 79%, respectively, in the three rounds of the Delphi survey and 68% in
the additional survey. After the processing of data, a list of 57 learning goals, sorted under 11 domains, was produced. 41
learning goals were rated Relevant, Very relevant, or Essential spread over 10 of the 11 domains. The top 3 learning goals
rated as Essential: Identify the most common injuries related to patient positioning during robotic-assisted surgery and know
how to avoid them, Connect, calibrate and handle the scope, Perform an emergency undocking procedure. The panel rated
Supervised training during surgery on patients as the most relevant learning method, followed by Dry lab and Team training.
Conclusions The learning goals identified in this study, can be used as the basis for a curriculum for OR nurses working with
RAS. During the processing, it became clear that there is a need to further investigate issues such as communication chal-
lenges, awareness of emergency procedures, and differences in the skills required depending on the role of the RAS nurse.
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The use of robotic-assisted surgery (RAS) is rapidly grow-  procedures has increased by 28% [1]. The robotic surgi-
ing and in the last two years, the number of worldwide  cal team typically consists of a primary surgeon (console
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surgeon), one patient-side surgical assistant (doctor or Reg-
istered Nurse First Assistant (RNFA)), and two operating
room nurses (OR nurses) respectively a scrub nurse and a
circulating nurse. To prevent user error and recognize poten-
tial patient harms, well-trained staff members are as impor-
tant as the equipment and instruments when doing RAS [2].
Because of the technical aspects of RAS, the team is highly
dependent on the competencies of the OR nurses before,
during, and after the procedure [3-5]. An example could be
emergency situations that are more complex during robotic
surgery. With the operating robot connected to the patient,
there is a risk of delay in the team’s access to the patient
during an emergency, and familiarity with the robotic system
is essential to be able to act swiftly [2, 6, 7].

Besides the robotic system and equipment, RAS differs
from traditional open or laparoscopic surgery in that the sur-
geon works from a console and is not near the patient and
the rest of the surgical team, which can make the team’s
communication more difficult [8—10].

As safe RAS is depending on the technical- and non-tech-
nical skills of the surgical team, there is a need to know how
to train the surgical team in the best ways possible. While
surgeons often train for RAS in dedicated training facili-
ties, most OR nurses undergo training for RAS in a master-
apprenticeship setup during actual RAS procedures [3, 5].
This training method for nurses may impact the course of the
procedure and patient safety, and literature shows that OR
nurses are calling for education in a more formal setting [3].

Several curricula for RAS have been developed [11, 12]
but solely with the focus on how to train doctors to become
console surgeons and bedside assistants. Established and
recognized curricula in settings such as the European Asso-
ciation of Robotic Urology Section (ERUS) Robotic Cur-
riculum [13] and Fundamentals of Robotic Surgery [14] also
focus exclusively on the above-mentioned training of doc-
tors. As mentioned above OR nurses need training in a more
formal setting for becoming RAS OR nurses, but no educa-
tional curricula have been published. Furthermore, there is
a lack of training in non-technical skills (NTS) in existing
robotic training curricula and this can pose a risk to patient
safety [15]. In accordance with “Kerns six-step approach”
for curriculum development [16] it is important to identify
relevant learning objectives when developing curricula, but
also to identify for whom it is important and how the learn-
ing objectives are best taught.

The objectives of this study were to identify relevant con-
tent for a curriculum for OR nurses working with RAS, the
most useful learning methods for each learning goal, and for
whom they were relevant.

@ Springer

Material and methods

We used the Delphi method which is a systematic approach
to gather information and reach a consensus between a group
of participants (Delphi Panel), with experience in the topic
that is being investigated [17]. Through three rounds, the
participants were asked their opinion on the topic, presented
with the anonymous answers of the entire panel, and asked
to re-evaluate and/or rate the items of the topic. All par-
ticipants and their answers were kept anonymous, to reduce
the influence of dominant individuals [17-19]. We added
an extra survey where participants were asked to choose the
relevant learning methods for each learning goal and for
whom the learning goals were relevant depending on their
role during surgery.

Delphi panel

All departments in Urology, Gynecology, and General Sur-
gery doing RAS in Denmark (15 different departments cov-
ering all five regions of Denmark) were invited to participate
with four nurses from each department. All participants were
experienced RAS OR nurses.

Processing group

A processing group was formed for this study. The pur-
pose of this group was to process the data gathered from
the Delphi Panel. The processing group was composed of
experienced RAS OR nurses and two surgeons with a back-
ground in medical education. Altogether the group covered
the above-mentioned specialties as well as all regions in
Denmark.

Questionnaire design and distribution

The questionnaires for the Delphi Study were distributed
using the online software SurveyXact (Rambgll Manage-
ment Consulting, Aarhus, Denmark). Distribution letters
were written in Danish while the questionnaires were written
in English. The Delphi Panel had the opportunity to answer
in English or Danish. The processing group then translated
any Danish answers into English, during the processing
meetings.

The Delphi process

The Delphi Panel was given four weeks to answer the ques-
tionnaire in each round, except for the third round, which
collided with two different national holidays and therefore
the participants were granted an extra week for this round.



Surgical Endoscopy (2023) 37:2729-2748

2731

Each week a reminder e-mail was sent to the participants,
who had not yet replied.

Round 1

In the first round, an e-mail was sent to each member of the
Delphi Panel informing them about the aim of the study, the
Delphi process itself, the intended use of the results, and a
time schedule. In the questionnaire, the Delphi Panel were
asked about their experience as a registered nurse (RN), OR
nurse, RAS nurse, respectively. Furthermore, we asked them
to state which team role they usually had (circulating nurse,
scrub nurse, RNFA). Finally, the panel was asked an open-
ended question: “Which learning goals do you find relevant
to include in a curriculum for OR nurses for robotic-assisted
surgery?”. The panel could suggest as many learning goals
as they wanted. The questionnaire for round 1, can be found
in the supplementary material. At the end of the first round,
the learning goals suggested by the Delphi panel were filed
in an Excel document, in random order for anonymization
purpose, and afterwards sent to the processing group, in
preparation for the first processing group meeting. At the
process group meeting, duplicates were removed, clarifica-
tion issues were discussed and resolved, and a list of learning
goals, sorted in domains defined by the processing group,
was produced. During this process any learning goals sug-
gested in danish, were translated into English.

Round 2

In the second round, the Delphi panel was presented with
the list of learning goals. The participants were asked to
determine the relevance of each learning goal. This was done
using a five-point scale (1 =not relevant, 2 =less relevant,
3 =relevant, 4 = very relevant, 5 =essential). The panel also
had the opportunity to comment on the learning goals and/
or suggest new learning goals to the list. The ratings and the
newly suggested learning goals were sent to the process-
ing group after the completion of the round. At the process
group meeting, the new learning goals were indexed in the
domains, duplicates were removed, and any clarification
issues were discussed and resolved.

Round 3

In the third round, the panel was presented with the rating
results from the previous round and then asked to make one
final rating of the learning goals, once again using the above-
mentioned five-point scale. In this round, the panel could not
comment or suggest new learning goals.

Additional survey

An additional survey was sent to the panel immediately after
the third Delphi round. In this survey, we asked the panel in
which role (circulating nurse, scrub nurse, or RNFA) each
learning goal was relevant. We also asked the panel to state
which learning method they found relevant for each learning
goal. (Table 1) The panel could select more than one role or
learning method per learning goal.

Data analysis

The data from the ratings of learning goals were processed
using a combination of the measures; Interquartile range
(IQR), median, and percentage of the panel agreeing on 4 or
5 on the five-point scale. This is to define the learning objec-
tives in relation to the scale Essential, Very relevant, Rel-
evant or Not relevant (Table 2). This method has been used
previously in similar consensus studies and with these pre-
defined criteria and the inclusion of the interquartile range
cutoffs to the consensus criteria, a high relevance score is
only given when there is a low spread among answers. [20,
21]. The data were analyzed using SPSS V.24. (IBM Inc.,
Armonk, New York, USA).

Results

The 15 departments in Denmark that perform RAS were
invited to participate with four OR nurses each, a total of 60
participants. However, two departments were only able to
participate with two and three OR nurses, respectively, and
one member of the Delphi panel withdrew from the study
during the first round. The remaining 56 OR nurses had a
median experience of 21 years as a Registered Nurse (range
2-40), 15 years as OR nurse (range 2-36), and 6 years as
RAS nurse (range 1-12). All OR nurses in the Delphi panel
worked as a scrub nurse daily, 92% as a circulating nurse
daily, and 15% as a RNFA daily.

The response rates of the Delphi rounds were 93%, 81%,
79%, respectively, and 68% in the additional survey. In the

Table 1 Learning methods in additional survey

Self-study, books/litterature

Classroom teaching

e-Learning

Virtual reality simulator training

Dry lab (hands-on training on live animals / cadavers)
Wet lab (hands-on training on live animals / cadavers)
Teamtraining in full scale simulation setup

Supervised training during surgery on patients
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Table 2 Predefined consensus
criteria from responses on
5-point scale

Essential
Very relevant
Relevant

Not relevant

>80% response 4-5 And
65-79% response 4-5 And
50-64% response 4-5 And
<50% response 4-5 Or

Interquartile range < 1 And Median 4-5
Interquartile range <2 And Median 4-5
Interquartile range <2 And Median 4-5
Interquartile range > 2 Or Median <4

first round, 327 learning goals were submitted by the Del-
phi panel. After processing and removal of duplicates, a list
of 55 learnings goals, sorted under 11 domains was pro-
duced. In the second round, the Delphi panel submitted 29
comments and 2 suggestions for additional learning goals,
which were added, and two learnings goals were rephrased
for clarification.

In the third round, the Delphi panel rated 32 out of the 57
learning goals as Essential while 16 were rated as Not rel-
evant. These, not relevant, learning goals were spread over 6
of the 11 domains. For 52 learning goals, the panel was very
much in agreement during the rating of the learning goals,
with an IQR of 0 or 1. Two learning goals, Be able to safely
change robotic instruments during procedure and Be able to
describe the functions and responsibilities of different team
members, rated as Relevant and Very relevant, split the panel
with an IQR of 2.

The 57 learning goals were sorted under 11 domains.
Nine domains covered practical aspects of RAS nurse
responsibilities, before, during, and after a robotic-assisted
procedure. Another domain: Non-technical skills, covered
basic non-technical skills but related to robotic-assisted sur-
gery and yet another: Necessary competencies before work-
ing with robotic-assisted surgery, covered basic OR nurse
competencies, not specifically related to robotic-assisted
surgery. The domains are displayed in Table 3.

The additional survey on learning methods showed that
the panel agreed on Supervised training during surgery on
patients as being the most relevant method to obtain the
learning goals. This method was mentioned as the most
important for all but seven of the learning goals and was in
the top three of relevant learning methods in all but one. For
the three learning goals under the domain of Emergency pro-
cedures, the preferred learning method was Team training in
a full-scale simulation setup. The top three preferred learn-
ing methods for each learning goal are displayed in Table 4.

Discussion

In this Delphi study, we identified 57 learning goals of which
41 were rated relevant for scrub nurses, circulating nurses or
RNFA working with RAS. The training method considered
to be most relevant was Supervised training during surgery
on patients

@ Springer

Competences concerning emergency undocking

It is essential that the OR nurses working with RAS have
knowledge of the robotic system and equipment and espe-
cially how to handle an emergency situation during sur-
gery [3] [7]. Knowing emergency un-docking procedures
is essential in the event of a critical occurrence during
surgery e.g. uncontrollable bleeding or cardiac arrest [6].
In RAS there will be a delay in getting access to the patient
in case of an emergency due to the robotic arms being
docked to the trocars in the patient and unfamiliarity with
these procedures can cause a further delay of the emer-
gency undocking with consequences for the patient safety.

In 52 out of the 57 learning goals, the panel were very
much in agreement during the rating of the learning goals.
In the domain “Technical Skills”, the learning goal: Safely
change robotic instruments during procedure stood out as
being one in a few that showed a relative disagreement in
the panel. Only 61% of the panel, rated this learning goal
as being Very relevant or Essential and with an IQR of 2
and a median of 4, the final rating of the learning goal was
Relevant. The reason for the disagreement concerning this
learning goal, might be that changing instruments during
a procedure is not relevant for all RAS nurses in the sense
that in some robotic teams, the changing of instruments is
done by the surgeons. In the domain “Docking”, Dock the
robot as part of the sterile team is another learning goal
that split the panel. With only 46% of the panel finding
this to be Very relevant or Essential, an IQR of 2 and a
median of 3, the final rating of this learning goal was Not
relevant. Like the above-mentioned learning goal, and for
the same reasons, docking the robot is not relevant for all
RAS nurses.

Interestingly, both learning goals are among the essen-
tial competencies all members of the robotic team need to
master, to be able to participate in an emergency undock-
ing procedure. If some of the RAS nurses in the panel
are not used to changing instruments or docking the robot
during procedures, it makes sense that they do not make
the connection between these activities, to an emergency
undocking procedure. This could be the reason for the rela-
tively low ratings of Relevant and Not relevant. In such
teams, there needs to be an awareness of how to train and
maintain competencies needed in an emergency undock-
ing procedure.
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Table 3 Learning goals sorted in domains, ratings round 3, relevance for whom

Domain: Necessary competencies before working with robotic-assisted surgery

Learning goal Relevance of this learning  This learning goal should be

goal (Rating Round 3)

mastered in the function as

Be able to anticipate needs during surgery (e.g. identify next step or upcoming needs)

Be able to describe the principles of minimal invasive surgery (e.g. instrument handling,

operating through ports, insufflation)

Be able to demonstrate correct handling of sterile utensils

Be able to receive the patient into the operating room (e.g. greeting and informing the

patient)

Be able to disinfect and drape the patient for surgery

Be able to setup up for converting to — and participate in open surgery

Be able to account for instruments and utensils at end of procedure

Be able to get the operating room ready for surgery

Be able to describe the general principles for patient positioning

Essential

Very relevant

Essential

Essential

Essential

Essential

Essential

Essential

Essential

circulating nurse (68%)
scrub nurse (94%)
RNFA (81%)

circulating nurse (44%)
scrub nurse (81%)
RNFA (84%)

circulating nurse (76%)
scrub nurse (94%)
RNFA (81%)

circulating nurse (100%)
scrub nurse (63%)
RNFA (55%)

circulating nurse (47%)
scrub nurse (97%)
RNFA (68%)

circulating nurse (89%)
scrub nurse (97%)
RNFA (86%)

circulating nurse (60%)
scrub nurse (100%)
RNFA (65%)

circulating nurse (100%)
scrub nurse (92%)
RNFA (60%)

circulating nurse (100%)
scrub nurse (89%)
RNFA (71%)

Domain: Robotic system and equipment

Learning goal

Relevance of this learning
goal (rating Round 3)

This learning goal should be
mastered in the function as

Be able to describe the robotic system components and their functions

Be able to identify the common pitfalls/challenges when using the robotic system

Be able to describe the benefits and limitations of using the robotic system

Be able to describe the costs associated with robotic surgical systems and equipment.

(added in round 3)

Be able to describe the reprocessing cycle concerning robotic instruments and equip-
ment (e.g. sterilization time, delivery time etc.) (added in round 3)

Very relevant

Very relevant

Not relevant

Not relevant

Not relevant

circulating nurse (47%)
Scrub nurse (86%)
RNFA (86%)

circulating nurse (47%)
Scrub nurse (86%)
RNFA (81%)

circulating nurse (36%)
Scrub nurse (63%)
RNFA (84%)

circulating nurse (81%)
Scrub nurse (52%)
RNFA (81%)

circulating nurse (47%)
Scrub nurse (86%)
RNFA (76%)

Domain: Practical preparation for robotic surgery

Learning goal

Relevance of this learning
goal (rating Round 3)

This learning goal should be mas-
tered in the function as

Be able to drape the robotic arms

Essential

circulating nurse (36%)
scrub nurse (100%)
RNFA (65%)

@ Springer
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Table 3 (continued)

Domain: Practical preparation for robotic surgery

Learning goal

Relevance of this learning
goal (rating Round 3)

This learning goal should be mas-
tered in the function as

Be able to set up the robotic system including connecting the system compo-
nents with fiberoptic cables

Be able to prepare the robot for surgery and navigate in the software

Be able to explain the optimal placement of the robot related to specific
procedures

Be able to explain the connection between the robotic system and the integra-
ble operating table

Essential

Essential

Very relevant

Not relevant

circulating nurse (78%)
scrub nurse (89%)
RNFA (73%)

circulating nurse (71%)
scrub nurse (71%)
RNFA (73%)
circulating nurse (55%)
scrub nurse (65%)
RNFA (84%)
circulating nurse (71%)

scrub nurse (73%)
RNFA (78%)

Domain: Patient positioning

Learning goal

Relevance of this learning
goal (rating Round 3)

This learning goal should be mas-
tered in the function as

Be able to position the patient correctly depending on the robotic procedure

Be able to identify the most common injuries related to patient positioning
during robotic-assisted surgery and know how to avoid them

Essential

Essential

circulating nurse (94%)
scrub nurse (89%)
RNFA (73%)
circulating nurse (86%)
scrub nurse (100%)
RNFA (76%)

Domain: Docking

Learning goal

Relevance of this learning
goal (rating Round 3)

This learning goal should be mas-
tered in the function as

Be able to dock the robot arms as part of the sterile team

Be able to position the robot arms in preparation for docking and adjust after
docking

Be able to maneuver the robot before and during docking

Not relevant

Not relevant

Essential

circulating nurse (13%)
scrub nurse (63%)
RNFA (84%)

circulating nurse (23%)
scrub nurse (63%)
RNFA (84%)
circulating nurse (92%)
scrub nurse (65%)
RNFA (65%)

Domain: Unforeseen events / troubleshooting

Learning goal

Relevance of this learning
goal (rating Round 3)

This learning goal should be mas-
tered in the function as

Be able to handle defect robotic instruments during surgery and ensure that
the defect instrument is redirected after surgery for further action

Be able to perform basic trouble shooting. (e.g. reversable errors like loose
drape or non-responding robotic instrument)

Be able to make use of on-site support. (e.g. robot coordinator or technical
support.)

Be able to identify and handle critical errors (e.g. defect robot arm)

Very relevant

Essential

Relevant

Essential

circulating nurse (57%)
scrub nurse (84%)
RNFA (65%)

circulating nurse (44%)
scrub nurse (97%)
RNFA (76%)

circulating nurse (71%)
scrub nurse (68%)
RNFA (78%)
circulating nurse (52%)

scrub nurse (73%)
RNFA (81%)

@ Springer
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Table 3 (continued)

Domain: Emergency procedures

Learning goal

Relevance of this learn-
ing goal (rating Round
3)

This learning goal should
be mastered in the function
as

Be able to define the roles of each team member during emergency procedures

Be able to perform an emergency un-docking procedure

Be able to remove robot instruments which are stuck, non-responding or broken

Essential

Essential

Essential

circulating nurse (100%)
scrub nurse (100%)
RNFA (86%)

circulating nurse (86%)
scrub nurse (100%)
RNFA (84%)
circulating nurse (31%)
scrub nurse (86%)
RNFA (81%)

Domain: Technical skills

Learning goal

Relevance of this learn-
ing goal (rating Round
3)

This learning goal should
be mastered in the function
as

Be able to safely change robotic instruments during procedure
Be able to describe possible pitfalls when changing robotic instruments (e.g. wrist-
angled instruments, drape connection)

Be able to correctly use a laparoscopic suction

Be able to safely insert laparoscopic instruments

Be able to introduce suture materials (e.g. needles) into the abdomen using laparoscopic

instruments

Be able to clean robotic instruments during procedure

Be able to clean the scope lens during procedure

Be able to connect, calibrate and handle the scope

Be able to handle robotic instruments correctly

Be able to handover robotic instruments to other team members during the procedure

Be able to describe the principles of electrocautery (both mono -and bipolar)

Be able to handle electrocautery instruments (e.g. Tipcover, placement of neutral plate)

Be able to maneuver and position the robotic arms during a procedure

Relevant

Very relevant

Not relevant

Not relevant

Not relevant

Essential

Essential

Essential

Essential

Essential

Not relevant

Essential

Not relevant

circulating nurse (10%)
scrub nurse (71%)
RNFA (84%)

circulating nurse (13%)
scrub nurse (78%)
RNFA (81%)

circulating nurse (5%)
scrub nurse (44%)
RNFA (84%)

circulating nurse (2%)
scrub nurse (47%)
RNFA (84%)

circulating nurse(2%)
scrub nurse (50%)
RNFA (84%)

circulating nurse (10%)
scrub nurse (100%)
RNFA (50%)

circulating nurse (5%)
scrub nurse (100%)
RNFA (60%)

circulating nurse (23%)
scrub nurse (94%)
RNFA (68%)

circulating nurse (57%)
scrub nurse (100%)
RNFA (81%)

circulating nurse (23%)
scrub nurse (100%)
RNFA (78%)

circulating nurse (55%)
scrub nurse (92%)
RNFA (84%)

circulating nurse (76%)
scrub nurse (97%)
RNFA (71%)
circulating nurse (13%)
scrub nurse (60%)
RNFA (78%)
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Table 3 (continued)

Domain: Non-technical skills

Learning goal

Relevance of this learn-
ing goal (rating Round
3)

This learning goal should
be mastered in the function
as

Be able to communicate effectively with other team members

Be able to describe the functions and responsibilities of different team members

Be able to explain the importance of teamwork during robotic-assisted surgery

Be aware of the different visualization of the surgical field depending on if you are in
the console or looking at the OR monitor

Be able to explain the communication challenges in robotic surgery. (e.g. limited non-
verbal communication with console surgeon)

Be able to maintain situational awareness during robotic-assisted surgery (e.g. identify/
anticipate possible risks to patient-safety or obstacles during the procedure)

Essential

Essential

Very relevant

Not relevant

Not relevant

Essential

circulating nurse (100%)
scrub nurse (100%)
RNFA (86%)

circulating nurse (100%)
scrub nurse (100%)
RNFA (86%)

circulating nurse (94%)
scrub nurse (100%)
RNFA (86%)

circulating nurse (42%)
scrub nurse (78%)
RNFA (86%)

circulating nurse (60%)
scrub nurse (78%)
RNFA (86%)
circulating nurse (76%)
scrub nurse (97%)
RNFA (86%)

Domain: System shut down at end of procedure

Learning goal

Relevance of this learn-
ing goal (rating Round
3)

This learning goal should
be mastered in the function
as

Be able to prepare robotic instruments and scope for reprocessing
Be able to shut down the robotic system and ensure correct cleaning of the system com-
ponents at end of procedure

Be able to check remaining robotic instrument uses at the end of procedure

Be able to participate in the un-docking process at end of procedure

Essential

Essential

Essential

Essential

circulating nurse (63%)
scrub nurse (89%)
RNFA (63%)

circulating nurse (78%)
scrub nurse (78%)
RNFA (52%)

circulating nurse (71%)
scrub nurse (84%)
RNFA (52%)
circulating nurse (71%)

scrub nurse (92%)
RNFA (73%)

Domain: Others

Learning goal

Relevance of this learn-
ing goal (rating Round
3)

This learning goal should
be mastered in the function
as

Be able to demonstrate optimal working positions (ergonomics) for members of the
operating team

Be able to describe the patient’s benefits of robotic-assisted surgery

Be able to describe the surgeons benefits of robotic-assisted surgery

Not relevant

Not relevant

Not relevant

circulating nurse (60%)
scrub nurse (76%)
RNFA (84%)

circulating nurse (65%)
scrub nurse (71%)
RNFA (84%)

circulating nurse (36%)
scrub nurse (47%)
RNFA (89%)
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Communication

The Delphi panel submitted two learning goals concerning
communication under the domain of Non-technical skills.
Traditionally non-technical skills are defined as team-
work, situational awareness, and communication [15, 22]
one of the main differences between traditional open or
laparoscopic surgery and RAS is the console surgeon’s
remote position, sitting in the console, away from the rest
of the surgical team and the patient. With the robotic sys-
tems used at present, the surgeons are not only removed
from the team but is also isolated with their heads in an
ocular on the console [8, 9]. This setup challenges the
robotic teams’ perioperative interactions concerning e.g.
communication and especially the console surgeons’ situ-
ational awareness [10]. In a 2019 survey, a certain lack
of awareness within the perioperative team, of the com-
munication challenges in robotic surgery, was found [10]
and according to Collins et al., there is a lack of train-
ing of NTS, such as communication, in existing robotic
training curriculums, which may cause a risk to patient
safety [15]. The Delphi panel of RAS nurses in this study
is very much aware of communication in RAS, with 98%
of them agreeing on the learning goal Communicate effec-
tively with other team members, as being Very relevant
or Essential. But with only 36% of the panel rating, the
learning goal Explain the communication challenges in
robotic surgery. (e.g. limited non-verbal communication
with console surgeon) as being Very relevant or Essential
there seems to be a lack of attention to training the com-
munication challenges. Not unlike the other learning goals,
the panel agree on Supervised training during surgery on
patients, with the two above-mentioned learning goals on
communication as being the preferred learning method
closely followed by Team training in full-scale simulation
setup.

Registered nurse first assistant

The role of the RNFA is defined as being an OR nurse, who
has acquired knowledge, judgment, and skills specific to the
expanded role as a first assistant [23]. An RNFA does not
concurrently function as a scrub nurse, thereby taking on
two different roles during the same procedure, with a risk
of compromising patient safety. A discussion on the underu-
tilization of the RNFA in British Columbia, compared to
other regions in Canada, makes use of impact points such
as a decrease in surgical site infections by up to 40% as well
as a reduction of turnover time between patients [24]. Fur-
thermore, a recent literature review on the role of the RNFA,
shows that the perioperative team views the RNFA as a
means to improve efficiency, reduce cost, and benefit patient

safety [25]. The role of the RNFA was defined and included
in the OR team in the United States in the early 1980s [23].
In Denmark, the first RNFA was included in RAS in 2010
at the Department of Urology, Aalborg University Hospital
but the use of RFNAs is not standard in all hospitals. Three
hospitals in Denmark use RNFA for robotic-assisted surgery
while the remaining 12 hospitals performing RAS, does not.

Three of the learning goals under the domain of Tech-
nical skills concerned the handling of laparoscopic instru-
ments during the procedure: Correctly use a laparoscopic
suction, Safely insert laparoscopic instruments, Introduce
suture materials (e.g. needles) into the abdomen using lapa-
roscopic instruments. These learning goals might have been
suggested by some of the 15% of RAS nurses in the Del-
phi panel, who also practice as RNFA. The final ratings of
these learning goals were Not relevant, even though the data
show, that some of the RAS nurses in the panel, who do not
practice as an RNFA, still rated the learning goals as Very
relevant or Essential. This is supported by the data from the
additional round, where the panel rated these learning goals
to be relevant for Scrub nurses by 44, 47, and 50%, respec-
tively, while they agreed on rating all three goals relevant
for RNFA, by 84%.

Our findings reflect the different roles RAS nurses can
have in the operating team. The three, above mentioned,
learning goals which compares with skills, tradition-
ally reserved for doctors, are relevant for RFNA, but not
for scrub nurses, as their roles differ. [21] When design-
ing a curriculum for RAS nurses it is important to consider
which roles the nurses have (scrub nurse, circulating nurse
or RNFA) and remember that some nurses might have dif-
ferent roles during different procedures. Our study focused
on the identification of relevant content for a curriculum for
all RAS nurses, but RFNA might require a different more
encompassing curriculum, which should be investigated fur-
ther. Many Delphi studies used experts as panelists to get
the opinion of the ones most experienced in the area, where
we chose to include OR nurses with varying levels of expe-
rience. This could be seen as a limitation, however, when
identifying content for education programs within healthcare
we think it is important to get input from participants with
a broad range of experience as less experienced practition-
ers might have a different perspective on what should be
included. We did not to included robotic surgeons, although
it could have been interesting to also have had their input
on the educational needs of OR nurses for robotic surgery.

Learning methods
Unlike in other Scandinavian countries, Danish OR

nurses are trained in a master—apprentice setup with the
use of competence cards [26]. This corresponds well with
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Table 4 Top 3 preferred learning method

Domain: Necessary competencies before working with robotic-assisted surgery

Learning/train- ~ Self-study Class- e-Learn-  Virtual reality ~ Dry-lab
ing methods — Books/litera- room ing simulator (hands-on
Learning ture teaching training training on
goal | inanimate
models)

Wet-lab (hands- Team-training

on training on
live animals /
cadavers)

in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to 7% 18% 23% 23% 28%
anticipate
needs dur-
ing surgery
(e.g. identify
next step or
upcoming
needs)
Be able to 36% 39% 42% 18% 23%
describe the
principles
of minimal
invasive
surgery (e.g.
instrument
handling,
operating
through ports,
insufflation)

Be able to dem- 15% 42% 39% 23% 39%
onstrate cor-
rect handling
of sterile
utensils

Be able to 26% 23% 10% 18% 10%
receive the
patient into
the operating
room (e.g.
greeting and
informing the
patient)
Be able to 13% 18% 18% 21% 28%
disinfect and
drape the
patient for
surgery
Be able to 5% 18% 15% 23% 42%
setup up
for convert-
ing to—and
participate in
open surgery
Be able to 18% 21% 26% 15% 23%
account for
instruments
and utensils
at end of
procedure
Beabletoget 15% 23% 10% 21% 23%
the operating
room ready
for surgery

34%

18%

18%

7%

26%

28%

15%

18%

42%

26%

26%

21%

42%

50%

23%

34%

78%

55%

65%

86%

78%

71%

78%

86%

@ Springer



Surgical Endoscopy (2023) 37:2729-2748 2739

Table 4 (continued)

Domain: Necessary competencies before working with robotic-assisted surgery

Learning/train- ~ Self-study Class- e-Learn-  Virtual reality  Dry-lab Wet-lab (hands- Team-training  Supervised
ing methods — Books/litera- room ing simulator (hands-on on training on  in full scale training during
Learning ture teaching training training on live animals /  simulation surgery on
goal | inanimate cadavers) setup patients
models)

Be able to 26% 36% 34% 15% 26% 18% 23% 84%

describe

the general

principles

for patient

positioning

Domain: Robotic system and equipment

Learning/train-  Self-study Class- e-Learning Virtual reality  Dry-lab Wet-lab Team-training  Supervised
ing methods— Books/litera- room simulator train- (hands-on (hands-on in full scale training during
Learning goal | ture teaching ing training on training on simulation surgery on
inanimate live animals /  setup patients
models) cadavers)
Be able to 26% 50% 55% 23% 34% 15% 31% 55%
describe
the robotic
system
components
and their
functions
Be able to iden- 21% 39% 44% 31% 36% 15% 36% 65%

tify the com-
mon pitfalls/
challenges
when using
the robotic
system

Be able to 31% 55% 44% 18% 26% 7% 23% 44%
describe the
benefits and
limitations
of using
the robotic
system

Domain: Practical preparation for robotic surgery

Learning/training methods — Self-study Class- e-Learn-  Vir-  Dry-lab Wet-lab Team- Super-
Learning goal | Books/litera- room ing tual (hands- (hands- train- vised
ture teaching reality on train- on ingin training
simu- ingon training full during
lator  inani- onlive scale sur-
train- mate animals simu- gery on
ing models) /cadav- lation patients
ers) setup
Be able to drape the robot arms 5% 21% 13% 18% 57% 23% 4%  78%
Be able to set up the robot system including connect- 7% 34% 23% 18% 52% 15% 2% 68%
ing the system components with fiberoptic cables
Be able to prepare the robot for surgery and navigate  13% 47% 36% 23% 42% 10% 36% 65%
in the software
Be able to explain the optimal placement of the robot 13% 34% 28% 23% 34% 10% 50% 71%

related to specific procedures
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Table 4 (continued)

Domain: Practical preparation for robotic surgery

Learning/training methods — Self-study Class- e-Learn-  Vir-  Dry-lab Wet-lab Team- Super-
Learning goal | Books/litera- room ing tual (hands- (hands- train- vised
ture teaching reality on train- on ingin training
simu- ingon training full during
lator  inani- onlive scale sur-
train- mate animals simu- gery on
ing models) /cadav- lation patients
ers) setup
Be able to explain the connection between the robot  21% 42% 36% 21% 34% 13% 36% 65%
and the integrateble operating table
Domain: Patient positioning
Learning / Self-study e-Learning Virtual reality — Dry-lab Wet-lab Team-training  Supervised
training meth-  Books/litera- simulator (hands-on (hands-on in full scale training during
ods — ture training training on training on simulation surgery on
Learning inanimate live animals /  setup patients
goal | models) cadavers)
Be able to 7% 21% 18% 2% 13% 52% 81%
position
the patient
correctly
depending on
the robotic
procedure
Be able to 26% 39% 15% 36% 5% 39% 71%
identify the
most com-
mon injuries
related to
patient posi-
tioning dur-
ing robotic-
assisted
surgery and
know how to
avoid them
Domain: Docking
Learning / Self-study e-Learning Virtual reality = Dry-lab Wet-lab Team-training ~ Supervised
training meth-  Books/litera- simulator (hands-on (hands-on in full scale training during
ods — ture training training on training on simulation surgery on
Learning inanimate live animals /  setup patients
goal | models) cadavers)
Be able to dock 5% 15% 18% 50% 21% 52% 73%
the robot
arms as part
of the sterile
team
Be able to 5% 15% 18% 52% 28% 55% 78%

position the
robot arms in
preparation
for docking
and adjust
after docking
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Table 4 (continued)

Domain: Docking

Class-
room
teaching

Learning /
training meth-
ods —
Learning

goal |

Self-study
Books/litera-
ture

e-Learning Virtual reality
simulator
training

Wet-lab
(hands-on
training on
live animals /
cadavers)

Dry-lab
(hands-on
training on
inanimate
models)

Team-training
in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to
maneuver the
robot before
and during
docking

5% 21%

10% 18%

55% 21%

52%

78%

Domain: Unforseen events / troubleshooting

Class-
room
teaching

Learning /
training meth-
ods —
Learning goal |

Self-study
Books/litera-
ture

e-Learning Virtual reality
simulator

training

Dry-lab (hands- Wet-lab

on training (hands-on

on inanimate training on

models) live animals /
cadavers)

Team-training
in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to
handle defect
robot instru-
ments during
surgery and
ensure that
the defect
instrument
is redirected
after surgery
for further
action

Be able to
perform basic
troubleshoot-
ing (e.g.
reverseble
errors like
loose drape or
non-respond-
ing robot
instrument)

Be able to
make use
of on-site
support.

(e.g. robot
coordinator
or technical
support.)

Be able to
identify
and handle
critical errors
(e.g. a defect
robot arm)

7% 36%

7% 26%

15% 39%

10% 39%

34% 13%

34% 13%

34% 13%

39% 18%

26% 10%

36% 15%

23% 7%

31% 15%

31%

42%

36%

42%

68%

63%

57%

63%
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Table 4 (continued)

Domain: Emergency procedures

Learning /
training meth-
ods —
Learning

goal |

Self-study Class-
Books/litera- room
ture teaching

e-Learning Virtual reality
simulator
training

Dry-lab

(hands-on
training on
inanimate

models)

Wet-lab
(hands-on
training on
live animals /
cadavers)

Team-training
in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to
define the
role and func-
tion of each
team member
during
emergency
procedures

Be able to
perform an
emergency
un-docking
procedure

Be able to
remove robot
instruments
which are
stuck, non-
responding or
broken

10% 28%

7% 21%

7% 28%

34% 18%

26% 18%

26% 18%

34%

55%

50%

18%

21%

18%

1%

73%

60%

60%

50%

57%

Domain: Technical skills

Learning /
training meth-
ods —
Learning goal |

Self-study Class-
Books/litera- room
ture teaching

e-Learning Virtual reality
simulator
training

Dry-lab

(hands-on
training on
inanimate

models)

Wet-lab
(hands-on
training on
live animals /
cadavers)

Team-training
in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to
safely change
robot instru-
ments during
procedure

Be able to
describe
possible
pitfalls when
changing
robot instru-
ments (e.g.
wrist-angled
instruments,
drape connec-
tion)

Be able to cor-
rectly use a
laparoscopic
suction

Be able to
safely insert
laparoscopic
instruments

10% 21%

15% 28%

10% 23%

10% 23%

23% 15%

34% 18%

18% 10%

15% 18%

50%

36%

39%

50%

28%

13%

39%

36%

57%

50%

36%

44%

73%

68%

76%

1%
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Table 4 (continued)

Domain: Technical skills

Learning /
training meth-
ods —
Learning goal |

Self-study
Books/litera-

ture

Class-
room
teaching

e-Learning Virtual reality

simulator
training

Dry-lab
(hands-on
training on
inanimate
models)

Wet-lab
(hands-on
training on
live animals /
cadavers)

Team-training  Supervised

in full scale
simulation
setup

training during
surgery on
patients

Be able to
introduce
suture materi-
als (e.g.
needles) into
the abdo-
men using
laparoscopic
instruments

Be able to
clean robot
instruments
during proce-
dure

Be able to
clean the
scope lens
during proce-
dure

Be able to con-
nect, calibrate
and handle
the scope

Be able to
handle robot
instruments
correctly

Be able to
handover
robot instru-
ments to
other team
members
during the
procedure

Be able to
describe the
principles of
electrosur-
gery (both
mono -and
bipolar)

Be able to
handle elec-
trocautery
instru-
ments (e.g.
Tipcover,
placement of
neutral plate)

10%

7%

7%

7%

7%

5%

36%

13%

23%

34%

34%

36%

2%

21%

68%

39%

15%

23%

23%

28%

26%

15%

57%

31%

15%

13%

13%

13%

15%

15%

13%

10%

52%

2%

36%

39%

52%

2%

15%

36%

39%

26%

18%

21%

23%

18%

10%

18%

44%

34%

31%

34%

31%

52%

23%

28%

71%

84%

81%

81%

73%

81%

47%

73%
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Table 4 (continued)

Domain: Technical skills

Learning / Self-study Class- e-Learning
training meth-  Books/litera- room

ods — ture teaching

Learning goal |

Virtual reality
simulator
training

Dry-lab Wet-lab Team-training  Supervised
(hands-on (hands-on in full scale training during
training on training on simulation surgery on
inanimate live animals /  setup patients
models) cadavers)

Be able to 5% 21% 21%
maneuver
and position
the robot
arms during a
procedure

21%

52% 28% 47% 78%

Domain: Non-technical skills

Learning / Self-study Class- e-Learning
training meth-  Books/litera- room

ods — ture teaching

Learning

goal |

Virtual reality
simulator
training

Dry-lab Wet-lab Team-training  Supervised
(hands-on (hands-on in full scale training during
training on training on simulation surgery on
inanimate live animals /  setup patients
models) cadavers)

Be able to 10% 23% 13%
communicate
effectively
with other
team mem-
bers

Be able to 10% 36% 31%
describe the
functions and
responsi-
bilities of
different team
members

Be able to 13% 36% 26%
explain the
importance
of team-
work during
robotic-
assisted
surgery
Be aware of 7% 28% 26%
the different
visualiza-
tion of the
surgical field
depending on
if you are in
the console or
looking at the
OR monitor

13%

10%

13%

23%

21% 18% 68% 81%

10% 15% 57% 76%

18% 13% 57% 71%

15% 10% 31% 68%
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Table 4 (continued)

Domain: Non-technical skills

Class-
room
teaching

Learning /
training meth-
ods —
Learning

goal |

Self-study
Books/litera-
ture

e-Learning

Virtual reality
simulator
training

Dry-lab
(hands-on
training on
inanimate
models)

Wet-lab
(hands-on
training on
live animals /
cadavers)

Team-training
in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to 10%
explain

the com-
munication
challenges
in robotic-
assisted
surgery. (e.g.
limited non-
verbal com-
munication
with console
surgeon)

Be able to
maintain
situation
awareness
duringrobotic-
assisted
surgery (e.g.
identify/
anticipate
possible risks
to patient-
safety or
obstacles
during the
procedure)

28% 23%

10% 26% 26%

18%

13%

28%

28%

18%

21%

2%

55%

73%

78%

Domain: System shut down at end of procedure

Learning /
training meth-
ods —
Learning

goal |

Self-study-  Class-
Books/litera- roomteach-
ture ing

e-Learning

Virtual reality
simulator
training

Dry-lab
(hands-on

training on

inanimate
models)

Wet-lab
(hands-on
training on
live animals /
cadavers)

Team-training
in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to 5%
prepare robot
instruments
and scope for
reprocessing

Be able to shut 7%
down the
robot system
and clean the
components
atend of a
procedure

Be able 7%
to check
remaining
robot instru-
ment uses at
the end of a
procedure

39% 34%

39% 34%

39% 36%

15%

15%

18%

44%

42%

42%

15%

15%

7%

23%

28%

21%

71%

73%

71%
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Table 4 (continued)

Domain: System shut down at end of procedure

Learning / Self-study-  Class-
training meth-  Books/litera- roomteach-
ods — ture ing
Learning

goal |

simulator
training

e-Learning Virtual reality

Wet-lab Team-training
(hands-on in full scale
training on simulation
live animals /  setup

cadavers)

Supervised
training during
surgery on
patients

Dry-lab
(hands-on
training on
inanimate
models)

Be able to par- 7% 26% 21% 18%
ticipate in the
un-docking
process at
end of proce-
dure

50% 18% 44% 78%

Domain: Others

Learning /
training meth-
ods — ture
Learning goal |

Self-study-  Class-
Books/litera- room
teaching

simulator
training

e-Learning Virtual reality

Wet-lab
(hands-on
training on
live animals /
cadavers)

Dry-lab
(hands-on
training on
inanimate
models)

Team-training
in full scale
simulation
setup

Supervised
training during
surgery on
patients

Be able to 28% 39% 36% 15%
demonstrate
optimal work-
ing positions
(ergonomics)
for members
of the operat-
ing team
Be able to 44% 57% 52% 7%
describe
the benefits
of robotic-
assisted
surgery for
the patient

Be able to 34% 57% 47% 2%
describe
the benefits
of robotic-
assisted
surgery for
the surgeon

31% 13% 34% 65%

5% 5% 10% 42%

10% 7% 18% 44%

Bold values indicate preferred learning method for each domain

Supervised training during surgery on patients, being the
preferred learning method in this study. In a Delphi study
on curricula for RAS surgeons, Hertz et al. found that the
learning methods: virtual reality simulation and animal
models were preferred for technical training supplemented
by e-learning for theory and Team training for NTS [21].
In comparison, Wet-lab (hands-on training on live ani-
mals/cadavers) only made the top three of preferred learn-
ing methods, in 2 of the 57 learning goals while Virtual
reality simulator training did not make the top three in
any of the learning goals. These learning methods may be
considered by the OR nurses in the Delphi panel, as being
more targeted at doctors training for RAS, than for OR
nurses and the learning goals in this study.

@ Springer

The overall preferred learning method of the OR nurses
in the Delphi panel is Supervised training during surgery
on patients. This method is well known by the panel, as the
way, they were trained as OR nurses. Furthermore, most of
the learning goals in this study are very technical and/or
practical and thus might not be considered suitable for learn-
ing methods such as Virtual Reality simulation or Wet-lab.

The learning method e-learning only made the top three
in 16 of the 57 learning goals while Team training in full-
scale simulation setup made the top three of preferred learn-
ing methods in all of the learning goals under the domains of
Emergency procedures and Non-technical skills. This shows
that the OR nurses prefer specific learning methods for spe-
cific learning goals and with both ERUS, FRS, and SERGS
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recommending curricula to contain multiple learning meth-
ods, [13, 14, 27] it should be taken into consideration to sup-
plement the panel’s preferred learning methods Supervised
training during surgery on patients with Team training in
full-scale simulation setup and e-learning.

We have identified a list of learning goals that can be
used as the basis for designing a curriculum for OR nurses
working with RAS. The learning goals span over different
domains and the processing of them shows the importance
of a continued focus on topics such as communication, emer-
gency procedures, and awareness of different skill require-
ments depending on the role of the RAS nurse in the team.
Furthermore, it is important to be aware of how the educa-
tion of RAS nurses also requires the use of different learn-
ing methods than traditionally used in the education of OR
nurses.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-022-09751-4.
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