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Objectives
To describe the progress being made in training for
minimally invasive surgery (MIS) in urology.

Methods
A group of experts in the field provided input to agree on
recommendations for MIS training. A literature search was
carried out to identify studies on MIS training, both in
general and specifically for urological procedures.

Results
The literature search showed the rapidly developing options
for e-learning, box and virtual training, and suggested that
box training is a relatively cheap and effective means of

improving laparoscopic skills. Development of non-technical
skills is an integral part of surgical skills training and should
be included in training curricula. The application of modular
training in surgical procedures showed more rapid skills
acquisition. Training curricula for MIS in urology are being
developed in both the USA and Europe.

Conclusion
Training in MIS has shifted from ‘see-one-do-one-teach-one’
to a structured learning, from e-learning to skills laboratory
and modular training settings.
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Introduction
While minimally invasive procedures such as
ureterorenoscopy or transurethral resection of a bladder
tumour have been common practice in urology for almost a
century, the first laparoscopic procedure in urology was only
described in 1976 [1].

Laparoscopy in urology really started to become popular after
the first laparoscopic nephrectomy [2,3]. Since then,
laparoscopy has been successfully used to remove
genitourinary organs, from kidneys to prostates and bladders.
Potential advantages of laparoscopy are less postoperative
pain, earlier recovery and smaller scars. Possible
disadvantages, however, are higher costs of instrumentation
and a longer learning curve.

Robot-assisted laparoscopy is the next step in laparoscopic
surgery. Investments from the North American Space
Association (NASA) and the US military led to the
development of the master–slave system, which is
commercially available today [4]. Since clearance for use in
2000, the da Vinci Surgical System has successfully been used
for operations on many organs of the urinary tract, such as
the prostate, the kidney [5] and the bladder [6].

Training in Laparoscopic Surgery

The educational master–apprentice model, leads to difficulties
when it comes to the introduction of radical new
technologies, such as laparoscopy. The approach is
characterized by trainees learning surgical skills by practising
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directly on patients under the supervision of a ‘master’;
however, the pioneering of a new technique forces
professionals to start applying this technique by operating on
patients without the supervision of a master, simply because
experienced colleagues are not yet available.

In laparoscopy, the pioneers came to the conclusion that the
‘unnatural’ counterintuitive psychomotor skills could very
well be trained on simulators. By now, simulators have been
widely implemented to train the psychomotor skills associated
with this kind of surgery [7].

A recent systematic review on the effectiveness of training
laparoscopic skills showed that training basic laparoscopic
skills in a skills laboratory setting has been proven to
improve performance in the operating room [8]. The
optimum implementation of simulators in training
programmes, however, remains a topic of discussion and
investigation, as the discussion about training laparoscopy is
shifting from ‘Is it effective?’ to ‘How can it be most
effective?’.

Training in Robot-Assisted Laparoscopy

Compared with laparoscopic surgery, robot-assisted
laparoscopy requires other psychomotor skills, such as
Endowrist� manipulation and different camera manipulation.
In contrast to open and laparoscopic surgery, robot-assisted
laparoscopy is characterized by a complete lack of tactile
feedback. While the basic laparoscopy skills can be learned
using box trainers (BTs), basic robotic skills training requires
the whole robotic system to be able to practice. As an
alternative, various simulators became available that were
validated for their ability to facilitate the development of
basic skills [9].

How to Assess Outcomes of Training

The literature suggests that the optimum endpoint for
simulator training is the attainment of a predefined level,
rather than the completion of an arbitrary number of task
repetitions or hours using the simulator [10,11]. The
development of criterion-based training programmes for
laparoscopic and robot-assisted skills fits into the steady
evolution towards competency-based postgraduate medical
education [12].

The difficulty in criterion-based training is to set proper
criteria that comprise the desired components and the
appropriate level of skills; therefore the question of ‘how to
assess’ is an important sequel of the question of ‘how to
train’.

In general surgery, the basic laparoscopic skills examination
has been in place since 2004 in the USA, and certification is a
requirement for the American Board of Surgery [13,14]. In
urology, however, the qualification and certification of

laparoscopic skills performance are still in a preliminary
phase. Tjiam et al. [15,16] developed the Programme for
Laparoscopic Urological Skills in response to calls from
healthcare authorities and the public for well-defined
proficiency standards to safeguard the quality of care [17].
For robot-assisted laparoscopy, basic skills programmes have
been described as well [18], but to date, a widely accepted
basic skills programme and examination for this type of
surgery is a work in progress.

E-Learning and Skills Training
E-learning uses multimedia technology to deliver instructions
and facilitate learning [19]. It is primarily based on
cognitivism, an educational framework that sees learning as
an active process. The learners actively construct their own
knowledge by assimilating and accommodating new
information. This changes and extends their prior knowledge
and understanding. Interestingly, cognitive factors were
correlated with surgical skills [20]. To motivate the learner,
there are four steps that need to be followed: attention;
relevance; confidence; and satisfaction. The learner’s
confidence needs to be built by encouraging and supporting
them. Also, the satisfaction of giving them feedback on their
performance and allowing them to progress to the next level
by successfully completing the previous level, will build up
their confidence and motivation.

The trainee can access learning at their preferred time and
place, an important issue in view of the reduction of
training hours and training opportunities; however, we must
stress that educators often capitalize on the flexible
scheduling of e-learning activities without taking into
account the cumulative time required to complete all
assignments [21,22].

The recently introduced TELMA system [23] is a video-based
e-learning module for minimally invasive surgery (MIS) that
showed face validity for the training of laparoscopic skills,
and the European Association of Urology (EAU) has
developed two basic modules for laparoscopy (eBasic
Laparoscopic Urological Skills) and robotic surgery (eBasic
Robotic Urological Skills).

Internet-based instruction is as effective as traditional non-
internet based instructional methods [22].

Hands-On Training in Laparoscopy-
Box Trainers
The spatial orientation, the two-dimensional vision and
counter-intuitive instrument movements represent significant
problems for novices in laparoscopy [24]. The first step for
laparoscopic training usually includes hands-on training in
BTs, which are considered to enhance the acquisition of
laparoscopic skills [25].
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Box Trainers

The devices known as BTs consist of a box, laparoscopic
instruments and a digital camera. Objects or organs are
placed into the box and can be manipulated by the
instruments. Different types of boxes and digital cameras
have been used [24,25], simple and more complex alternatives
such as the P.O.P trainer (Optimist, Innsbruck, Austria)
provide pulsating organ perfusion and more realistic surgical
conditions which could replicate an intra-operative incident
of haemorrhage [26].

Evidence on Box Trainers

A large variety of training instruments and BTs with different
properties has been used for training not only in urology but
also in other surgical specialties. Although meta-analyses of
several aspects of BTs have been conducted, the randomized
controlled trials included in these meta-analyses are of
variable quality [8]. Large meta-analyses are currently
available in simulation training and include evidence on BTs
and virtual reality (VR) trainers [8,27–30]. Simulation
training in comparison with no intervention seemed to be
effective regardless of the outcome, level of learner, study
design or the laparoscopic task. Outcomes related to
knowledge, time, process and product were all statistically
and educationally significant in favour of BT training, and
simulation training proved to be more efficient than the
video-based instructions [8].

Training of Laparoscopic Trainees with no or Limited
Prior Experience

When BT training was compared with no training, the BT
training resulted in a significant reduction in required
training time for real laparoscopic tasks. BT training also
improved accuracy and performance scores [29]. This
evidence was based on eight randomized controlled trials
containing some bias and significant heterogeneity [29,31–38].
The comparison of other methods such as VR trainers with
the BTs showed that differences were present in some of the
measured outcomes. Nevertheless, these results were based on
small randomized controlled trials and no specific conclusions
could be drawn in the case of novice trainees [29,33,39–43].

Supplementary use of BTs in clinical training improved the
technical performance of the trainees in the operating room
during the first procedures carried out after BT training in
comparison with the standard training (no BT use); however,
the quality of evidence was low (Level 3) [27,44–50].

Effectiveness of Box Trainers Compared with Other
Simulators

The comparison of BTs with VR trainers showed that BTs
had favourable outcomes in terms of skill time development

and trainee satisfaction. No significant difference was
observed for any other variable evaluated [8] and for robotic
surgery similar findings were reported [51]. BTs had also
favourable training outcomes compared with animal and
cadaver models. BTs were associated with increased physical
resemblance and trainee satisfaction [52–54]. The impact of
type of trainer on operating room performance requires
further investigation [8,55].

Appropriate Training Scheme

The evaluation of trainees during the training process is
important for the development of their skills [45,48,49,56–84].
The experience of European Basic Laparoscopic Urological
Skills (E-BLUS) showed that high quality of skills may be
present while time-related criteria may not be fulfilled and
dedicated training is necessary to achieve acceptable time
criteria. [85]. Increased task complexity resulted in prolonged
training time. Nevertheless, the overall skill outcome was
improved in the case of complex tasks [86–89]. Training in
conditions resembling those of clinical practice such as stress,
noise, altered visual dynamics or working against the camera
was associated with improved task performance [8,40,90–94].
Training that focused on mental imagery or cognitive skills
resulted in no significant difference in terms of skills
development [8,90,95–98]. Extra training including
preoperative training, additional repetitions and post-training
reinforcement was observed to improve training outcomes
with faster task completion time, reduced skill decay and cost
saving [82,83].

Feedback and Mentoring

Feedback in laparoscopic skills training improves outcomes
[99,100]. The timing and the amount of feedback is
important [101–104]. Instructor-regulated and self-regulated
learning did not show any significant difference in skills
acquisition or time to perform tasks. Nevertheless, there was
a tendency towards more favourable outcomes in the case of
instructor-regulated learning [105–107].

Exercises and Time Requirements

Different exercises have been proposed for training in BTs
[45,48,49,57–72]. Nevertheless, there is currently no evidence
for the recommendation of a specific exercise scheme.

The time required to achieve the desired level of competence
varied among studies. The acquisition of laparoscopic
suturing skills in BTs varies between 5 and 40 h [73–75,78].
Several training schemes for laparoscopic suturing and vesico-
urethral anastomosis have been proposed [73–80]. Mastery
learning represents a stringent form of competency-based
education [81]. The concept is based on specific
complementary features that result in a set of educational
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conditions, a curriculum and assessment plan that yield high
achievement among all learners. Meta-analyses showed that
mastery simulation training improved skills and had a
moderate effect on patient outcomes [56,81].

Conclusions on BoxTrainers

The use of BTs provides efficient laparoscopic training of
novice and more experienced trainees. The haptic feedback of
BTs gives them an advantage over other methods of
simulation. More complex tasks in conditions resembling
clinical practice and repetitive use of BTs both improve
training outcome. Feedback and mentoring should be
considered, although are not clearly proven by the current
evidence. Well-structured training schemes based on the
concept of mastery learning should be favoured.

Non-Technical Skills
The view that a surgeon’s technical ability is the primary
marker of an effective operator has changed over the years,
with many believing that non-technical skills (NTS) are vital
and these underpin a surgeon’s ability [108,109]. Without
doubt the execution of surgical procedures requires adequate
technical competence, but NTS are crucial for effective and
safer surgical practice. The operating room environment is
highly stressful and requires full team interaction to achieve
successful outcomes for the patient [110]. These factors
increase the risk of errors most commonly attributable to
suboptimum application of NTS [111,112]. Evidence suggests

that deficiency in NTS correlates with poor technical skills
[113] and may lead to higher postoperative mortality [114].
This evidence reinforces the fact that NTS is not a peripheral
skillset but a key component that defines surgeons’ ability.
NTS can be acquired through training [115]. The best
method of acquiring these skills is through simulation-based
training [116] as adopted by other high-risk industry
counterparts, such as aviation and nuclear power plants
[117].

Non-Technical Skills in Minimally Invasive Surgery

There are three distinct categories of NTS: cognitive, social
and personal resource factors [116]. Cognitive skills include
situation awareness, decision-making and planning. Cognitive
skills are highly relevant in training for MIS. Higher technical
intricacies of minimally invasive procedures demand astute
planning and prompt decision-making.

Social skills encompass communication, teamwork and
leadership abilities. Effective communication is crucial for the
safe performance of any surgical procedure. The final
category of NTS is personal resource factors, which implies
an individual’s ability to cope with the stress and fatigue
commonly experienced by surgeons. Many of these terms are
defined in more detail in Table 1. Amongst the various NTS,
decision-making is considered to be one of the advanced sets
of skills which consolidates exponentially with increasing
clinical experience [118].

Table 1 The 12 stages of robot-assisted radical prostatectomy with five levels of difficulty, based on the modified modular training scheme developed in
the University of Leipzig [135].

No of
step

Description of surgical procedure Module

Lowest level
of difficulty

II III IV Highest level
of difficulty

I V

1a Trocar placement, incision of ventral peritoneum and dissection of the Retzius
space (transperitoneal access)

X

1b Dissection of the preperitoneal space and trocar placement (extraperitoneal access) X
2 Set up of daVinci robot X
3 Pelvic lymphadenectomy X
4 Incision of the endopelvic fascia and Dissection of the puboprostatic ligaments X
5 Anterior and lateral bladder neck dissection X

Dorsal bladder neck dissection X
6 Dissection and division of vasa deferentia X
7 Dissection of the seminal vesicles X
8 Incision/dissection of the posterior Denonvillier’s fascia- mobilisation of the dorsal

surface of the prostate from the rectum
X

9 Dissection of the prostatic pedicles and mobilization of the prostate (wide excision) X
10 Dissection of the prostatic pedicles and nerve-sparing procedure X
11 Ligation of Santotrini plexus X
12 Apical dissection X
13 Vesico-urethral anastomosis (running suture)

Rocco stitch X
Dorsal circumference X
Lateral circumference X
Bladder neck closure (if necessary) and ventral stitches X
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Training for Non-Technical Skills

There are two principal methods for the training of NTS:
the classroom and the simulation centre. Within a
classroom, didactic teaching highlighting the importance of
these skills and their key components can be combined
with interactive video analysis of examples of effective and
non-effective NTS. Classroom teaching has been shown to
be extremely helpful for self-reflection and changing
attitudes of trainees [119].

Besides classroom training, simulation-based team training is
believed to be one of the best ways to train for NTS
[120,121]. High-fidelity team-based simulation training
involves the use of a bench or virtual reality-based model
placed inside a simulated or real-life operating environment.
The model is used for technical skills training, but the set up
creates a realistic environment [122]. The behaviours
observed could be recorded and used in a structured
debriefing session, vital for NTS acquisition [123]. This
feedback should be delivered in a facilitative manner as
opposed to an instructional approach to encourage self-
reflection and active participation throughout the whole
process [116]. A skilled facilitator is vital for effective
debriefing [123].

Although training in the operating room is very effective
[124], logistical difficulties restrict utilization of this facility;
hence, a simulated environment offers a more practical and
yet high-fidelity option for full immersive simulation.
‘Distributed simulation’ has made it possible to achieve full
immersive training in MIS. The Distributed Simulator (Fig. 1)
is an inflatable ‘igloo’ used to provide a 360° shielded
environment, acting as a portable operating room simulator

[125]. Placed within this ‘igloo’ are simplified representations
of common operating room components. Within this
environment procedure-specific equipment for the minimally
invasive procedure can be placed. This has already undergone
face, content and construct validation [126] with off-site
feasibility also observed [127]. Distributed simulation may
therefore provide an effective and yet low cost training
method for NTS within minimally invasive procedures for
urology.

Once validated, NTS should be integrated into the curriculum
with technical skills for minimally invasive procedures within
urology Only then can it be ensured that all trainees are
currently acquiring the NTS and technical skills that are
essential for safer practice. Although training for NTS can be
acquired in the classroom or the simulation centre, it can be
consolidated in the workplace via informal methods [122].
After any critical incidents debriefing can improve these skills
further.

Assessing Non-Technical Skills

Several rating scales have been developed that can be used for
the purpose of training an assessment. One example is the
Non-Technical Skills for Surgeons (NOTSS) rating system
[128] (Fig. 2). Four categories are used within the NOTSS
taxonomy, including situation awareness, decision-making,
communication and teamwork and leadership. This behaviour
rating system has already been investigated for it reliability
[129], feasibility and validity [130].

The Observational Teamwork Assessment for Surgery
(OTAS) scale [131] is an additional assessment tool
(Fig. 3). Whilst this tool is directed towards a team
assessment as opposed to individual performers there is an
extensive evidence base behind OTAS, including content
[132] and construct validation [133], and its applicability
within urology has been further investigated [134]. Finally
the NTS scale modified from aviation scales, the
NOTECHS scale [135] has been created, with proven
reliability in surgery (Fig. 4).

The rating scales can be used for the assessment of an
individual or team within a full immersive environment and
should be incorporated within any curriculum. Furthermore,
minimum standards should be set, ensuring a proficiency-
based curriculum is devised. Through video analysis these
rating scales can be used not only as assessment tools but as
a very valuable source of constructive and unbiased feedback
mechanism.

Conclusions on Non-Technical Skills

In conclusion, NTS are of vital importance for the safe
execution of minimally invasive procedures performed in
surgery in general and urology in particular. Whilst the

Fig. 1 Distributed simulation in an ‘igloo’ being used for ureteroscopy

training.
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assessment of technical and NTS are currently seen as
separate entities, these should ideally be combined within
one scenario in full immersive simulation training.

Modular Training in Minimally Invasive
Surgery
The teaching of lapaoroscopic skills is of paramount
importance to urology residents and fellows, especially for
demanding complex procedures such as laparoscopic radical
prostatectomy (LRP). Training in the latter technique requires
significant effort by the trainee and the mentor [136].
Although, complex procedures such as robot-assisted LRP
(RALP) have a shorter learning curve in comparison with
their respective laparoscopic counterpart [137], the need for
the surgeon to familiarize him or herself with the system as
well as the medico-legal aspects and the quality of the
surgical outcomes required the establishment of a structured
training programme [138]. In an attempt to overcome the
above issues, structured stepwise training schemes for

laparoscopic and robot-assisted laparoscopic urological
procedures have been introduced.

Modular Training in Laparoscopy

According to the modular training scheme (MTS; Table 2),
the procedure being learned is divided into steps, usually
based on difficulty level [136,139,140]. The trainee initially
performs the step of the procedure corresponding to his
acquired skill level (usually the easiest step) under the
mentoring of an experienced surgeon. The remaining steps
are performed by the experienced surgeon; thus, the efforts
of the trainee are focused on mastering a specific step each
time. The schedule is repeated during the following
procedures until the mentor decides that the trainee could
continue to the next module. Eventually, the trainee is able
to perform all steps independently. The trainee usually
performs simulation training and observes and assists in a
number of cases before performing any of the steps of the
procedure.

Hospital trainer name:
trainee name:

gathering information

understanding information

considering options

selecting and communicating options

implementing decisions

exchanging information

establishing a shared understanding

coordinating team activities

Communication
and teamwork

Leadership setting and maintaining standards

supporting others

coping with pressure
1=poor; 2=marginal; 3=acceptable; 4=good; NA=not applicable

poor performance endangered or potentially endangered patient
performance induced cause for concern, considerable
improvement is needed
performance was of a satisfactory standard, but could be
improved
performance was of a considerably high standard, echancing
patient safety, positive example for others

marginal

acceptable

good

projecting and anticipating

Decision making

score

date:
operation:
feedback:Category

Situational
awareness

Fig. 2 Non-Technical Skills for Surgeons rating system [167].
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Current Evidence

The current literature includes a number of studies proposing
and evaluating MTS in laparoscopic and robot-assisted
urological surgery [136,138–151]. The majority of studies are
on training in radical prostatectomy, and only one publication
describes an MTS for laparoscopic nephrectomy [150]. The
MTSs in radical prostatectomy have significant differences in
the number of steps into which the procedure is divided, the
level and evaluation of the trainees as well as the prior
training before initiating the MTS. The peri- operative data
presented are usually difficult to compare directly among the
studies because of the use of different groups of participants
and characteristics. Moreover, comparative studies among the
different MTSs are not available. Table 3 summarizes the
training approaches for LRP and RALP.

Trainee Experience Levels

The number of participants (residents and fellows) in MTSs
ranged between two and seven for LRP. The experience of the

residents could include no previous experience or limited
laparoscopic cases. Fellows usually represented experienced
surgeons with experience of up to 80 previous laparoscopic
procedures [136,139,140]. In MTSs for RALP, the number of
trainees ranged between two and nine, both residents and
fellows [138,142,145–149,151].

Courses and Training Before Initiation of Modular
Training

All training programmes for LRP and RALP included the
use of some form of simulation before the initiation of the
MTS [136,138–151]. The use of animal laboratory
training courses has been frequently applied in the MTSs
for RALP [146,147]. The majority of RALP MTSs
employed courses on the basic knowledge of the robotic
system [142,145,146,149]. Trainees participated as
assistants in a variable number of cases before participating
in the MTS. The number of cases ranged between five
and 25 for RALP and between 23 and 144 for LRP
[136,138–151].

Behavioural construct 

Communication (quality and
quantity of information

exchanged)

coordination (managing and timing
of activities and tasks)

cooperation / back up behavior
(assistance provided among

members of the team, supporting
others, and correcting errors)

leadership (management and
timing activities and tasks)

monitoring / situational awareness
(team observation and awareness

of ongoing processes)

Exemplar behaviours
asks team if all prepared to begin the operation

gives prior notification of requirements to scrub nurse to enhance timing of 
instrument exchange

surgeons coordinate use of equipment, such as camera in minimal access
surgery providing adequate view of operating field
contribute to smooth exchange of instruments and provisions with scrub
nurse

reacts positively to questions and requests from nursing group
responds to requests or questions from anesthetic group
helps with smooth instrument exchange with scrub nurse
supports surgical group assistants and compensates for lack of experience
instructions and explanations provided to assistants
advises anesthesist if unfamiliar with operative techniques to call senior help
when needed
supervision provided for staff lacking familiarity with tasks or equipment
check table positioning and positions members
assistant monitor direction of light
checks team condition
aware of patient condition including anesthesia

exemplary behaviour6
5
4
3
2
1
0

behaviour enhances high team function
behaviour enhances moderate team function
team functions neither hindered nor enhanced by behaviour
slight detriment to team function
team function compromised
problematic behaviour, team function hindered

requests and instructions to team communicated clearly and effectively
provides information to whole team on progress
surgeon onforms the team of technical difficulties and/or changes of plan

rating
0 1 2 3 4 5 6

Fig. 3 Observational Teamwork Assessment for Surgery assessment sheet [131].
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Modules and Evaluation Methods

The LRP procedure was divided into 10–12 segments and
the RALP into 3–11 segments [136,138–151]. In
laparoscopic training the difficulty of each segment was
considered and the segments were grouped, according to
their difficulty, into respective modules (modules 1–5)
[136,139,140,152]. The evaluation of the trainee for the
progression among the modules was based on subjective
evaluation of the mentor in the case of LRP [136,139].
Two RALP MTSs made use of scoring systems such as the
operative performance form [138,147]. Other MTSs used
criteria such as timely completion and superior skill as well
as the performance of 10 consecutive cases in the same
module before advancement to the next [145,149]. The

clinical performance of the trainees is evaluated by the
recording and comparing of the peri-operative data for the
first cases performed by the trainees with those for their
more experienced cases or with cases performed by the
mentors [136,138–151].

Outcomes of Modular Training

An interesting characteristic associated with the MTSs was
the number of cases required in each module for the
trainees to achieve the proficiency level for progression to
the next module and the total number of cases required to
complete the MTS. LRP trainees required 2–15 mentored
cases for each module and a total of 32–43 cases to
complete the MTS [136,139]. In RALP MTSs, the required

revised NOTECHS scale

Communication and interaction

Situation Awareness and Vigilance

Leadership and Managerial Skills

Cooperation and Team Skills

Decision Making

score 1=not done - 6=done verywell

A1. Instructions to assistant clear and polite

C1. Maintains positive rapport with whole team
C2. Open to opinions from other team members
C3. Acknowledges contribution from other team members
C4. Supportive of other team members
C5. Conflict handling (concentrating on what is right rather than who is right)
D1. Adherence to best-practice during procedure (eg, does not permit corner cutting)
D2. Time management (eg, not being too slow or rushing other team members)

D4. Debriefing the team (eg, provides details and feedback to the team about procedure)
D5. Authority and assertiveness
E1. Prompt identification of the problem
E2. Informed team members promptly and clearly
E3. Outlines strategy and institutes a plan (eg, asks scrub nurse for suction, instruments,
suture material)
E4. Anticipates potential problems and prepares contingency plan (eg, ask anesthetist to 
order blood, call for help)
E5. Option generation (eg, takes help from others, seeks team’s opinion)

D3. Resource utilization (eg, appropriate task load distribution and delegation of
responsibilities)

A2. Waited for acknowledgement from assistant
A3. Instructions to scrub nurse clear and polite
A4. Waited for acknowledgement from scrub nurse
B1. Monitored patient parameters throughout procedure
B2. Awareness of anesthetist
B3. Actively initiates communication with anesthetist during crisis

Fig. 4 Revised NOTECHS scale for surgery assessment sheet [135].

Table 2 Non-technical skill components and definitions [166].

Term Definition

Situational awareness Developing and maintaining a dynamic awareness of the situation in theatre based on assembling data from the environment (patient, team, time,
displays, equipment); understanding what they mean, and thinking ahead about what may happen next

Decision-making Skills for diagnosing the situation and reaching a judgement in order to choose an appropriate course of action
Teamwork and
communication

Skills for working in a team context to ensure that the team has an acceptable shared picture of the situation and can complete tasks effectively

Leadership Leading the team and providing direction, demonstrating high standards of clinical practice and care, and being considerate about the needs of
individual team members
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number of cases between was reported to be 20–50 cases
[142,147].

In LRP studies, the trainees required longer operating times
in comparison with their mentors [136,139,140]. The
operating time reduced with increasing experience and the
BT time corresponded to the time in the operating room.
[136]. Complication and positive surgical margin rates were
similar among the trainees and their mentors [136,139,140].

Similar results were observed in the RALP literature, the
operating time of the trainees was longer [138,151] and
achieved significance in one study [138]. Other investigators
reported similar operating times for the mentor and trainees,
while these figures were improving with increasing experience
of the mentor and the trainees. Nevertheless, the mentor was
a fellowship-trained laparoscopic surgeon and his experience
had probably not overcome the learning curve of the
procedure [149].

Positive surgical margin rates were similar among the
trainees and mentors in both LRP and RALP MTSs
and the rates tend to decrease with increasing experience
[136,138–140,145–149,151].

Modular Training Scheme in Laparoscopic
Nephrectomy

The only described MTS for laparoscopic transperitoneal
nephrectomy included 23 steps which were designated in
five modules of increasing difficulty [150]. Three trainees
with previous laparoscopic experience and variable
experience in open urological surgery attended the MTS
and participated in dry and wet laboratory course before
initiation. A total number of 17–32 cases was necessary for
competence to independent practice. Operating time was
significantly lower in cases performed by the mentor in
comparison with the trainees. Peri-operative characteristics
were not related to significant differences among the
trainees and mentor.

Conclusions on Modular Training

The MTSs provided efficient training in laparoscopic and
robot-assisted radical prostatectomy. A number of different
training programmes have been proposed, with no evidence
of superiority of any one MTS over another.

Training and Certification
At present, many urology trainees consider that exposure to
formal laparoscopic skills training is deficient, with a study
of European trainees reporting that only 23% rated it to be
satisfactory [152,153]. The results of the E-BLUS
examination also showed that exposure to laparoscopic
training was low (only 39% reported access to training),

and the skills levels measured were low compared towith
the expected standard [154]. It should also be considered
that there are a considerable number of established
surgeons who have training needs in MIS as they embrace
new technologies and interventions in their scope of
practice. While much MIS training can be generically
applied to both trainees and established surgeons, there are
challenges in accommodating the training needs of
disparate groups.

Who Should Provide Training?

For both laparoscopy and robotic surgery, training may be
provided by a number of stakeholders, including individual
institutions, industry and scientific meetings, as well as
professional bodies with educational programmes. In most
circumstances, such training is not coordinated and
therefore may be duplication or omission of certain
elements of training. Rather than decree who should
provide training, it should be recognized that training may
be provided by many stakeholders and that all training
adds value; however, while industry should take the lead in
technology training, they should only have a supportive
role in clinical training. Clinical training in MIS must be
clinician-led.

Relationship Between Credentialing and Training

The credentialing of surgeons to perform surgical procedures
is typically determined by the medical board or equivalent of
individual institutions. The decision to include MIS
procedures within the scope of practice of individual
clinicians is influenced by evidence of appropriate training,
experience and competency in such procedures. Evidence of
training is typically a certificate from the body providing the
training activity.

There is considerable responsibility to ensure appropriate
certification of MIS training. This is to ensure that training
activities are correctly structured with appropriate assessment
to ensure that learning objectives are met. It is not acceptable
for a stakeholder to issue a certificate for a training activity,
unless that activity has been prospectively approved as a
professional development activity by a dedicated body such as
a surgical training college.

This is especially so as medico-legal concerns exist about
such certification because of the relationship between
training and credentialing [155–157]. For example, if a
surgeon is pursued for a medico-legal claim as a result of
a surgical complication early in his or her MIS experience,
the defence will point to evidence of training as proof of
competency [158]. There is therefore an obligation to
ensure that certified training is of an appropriate and
consistent standard.

524
© 2015 The Authors
BJU International © 2015 BJU International

van der Poel et al.



Who Should Certify Training?

Individual countries have professional licensing bodies who
oversee the rights of doctors to practice. This includes the
licensing of specialists such as urologists to practice
independently; however, such licensing bodies rely on
professional training bodies such as the Royal College of
Surgeons, the American College of Surgeons and others to
certify that individual surgeons have attained the
competencies to apply for a licence to practice as a specialist.
Typically, these professional bodies provide a curriculum
including prescribed training and examinations before the
award of a certificate of completion.

Certification of Laparoscopy Training

Specific skills must be acquired to safely and expertly
perform surgical procedures with a minimally invasive
approach, but along with these challenges come excellent
opportunities to attain these skills away from the operating
room using simulation training. While some of these
activities have been shown to have good face and construct
validity or have been proven to improve performance of
clinical skills [159] and therefore have a role to play as
part of structured training in minimally invasive urology,
there are also reports of such activities not having proven
relevance to clinical performance [160]. Scoring lists are
available as well as example training options for both basic
laparoscopic urological skills (BLUS) and fundamentals of
laparoscopy (FLS) modules online. The BLUS and FLS
modules are based on time scores.

There are certain activities, such as mini-fellowship training,
that have been shown to be of value in allowing surgeons to
translate their skills into clinical practice [161] and these
types of activities are therefore highly appropriate for
certification as a high-value training activity. The continuing
evolution of laparoscopic surgery with single-port approaches
and novel instrumentation requires continuous review of
training and certification.

Certification of Robotic Surgery Training
As stated previously, training in MIS should be clinician-led.
Industry should provide technology training while clinical
training must be clinician-led and supported by industry. The
robotic surgery industry has previously provided ‘clinical
training pathways’ but following comments from clinicians
[155,162] and negative publicity about inadequate training
[163], it has modified its training objectives such that
‘technology training pathways’ are provided [164] rather than
aiming to provide clinical training. Hospital credentialing
boards typically require evidence of such training and most
consider it mandatory that surgeons seeking privileges to
perform robot-assisted surgery have evidence of formal

technology training. This is because of the complexity of the
robotic surgery platform; however, technology training is only
a small part of the competency required to perform this type
of surgery. For assessment of trainee skills the global
evaluative assessment of robotic skills and NOTSS scoring
lists are used. Final assessment is based on anonymous
scoring of the different prostatectomy modules in the EAU-
Robotic Urology Section (ERUS) robot prostatectomy
fellowship.

As most robot-assisted surgeries are complex procedures it is
also essential that competencies are achieved in the clinical
steps of the procedure and not just in the operation using the
device itself. Professional bodies should therefore play a
proactive role in overseeing training in robotic surgery and
provide training activities where appropriate. In many
countries, there is limited national experience in the provision
of such training and therefore organizations such as the EAU
have an important role to play in providing structured
training and certification. The ERUS [165,166] has provided a
robotic surgery curriculum, a pilot fellowship programme, in
addition to masterclasses and live surgery demonstrations.
This type of approved and structured training in robotic
surgery is highly recommended.

Conclusions on Certification

There are excellent training opportunities for MIS in urology,
both for laparoscopy and robot-assisted surgery. Many types
of activities are of value and there are multiple stakeholders
who may provide training. Certification is necessary to ensure
that learning objectives are met and standards are met to
fulfill credentialing expectations.

Future Perspectives
The introduction of MIS has been accompanied by a change
in surgical training. Dexterity training settings and video
recording are available for both training as well as skills
assessment. For laparoscopy, fundamental training is now
mandatory. Robotic surgical equipment requires a further
implementation of structured training programmes to
maximize skills and minimize risks to patients. We foresee an
urgent need for certification for different techniques as well as
procedures. Several (international) organizations have been
collaborating to design and implement structured training
programmes towards certification. The EAU provides a
standardized assessment of BLUS similar to the FLS criteria
in the USA. These criteria are generally considered to assess
basic skills. Recently, the EAU has lent support to more
procedure specific training as proposed in the EAU-ERUS
pilot training fellowships. The fellowship for robot
prostatectomy training is now an EAU fellowship. Further
procedure-specific training curriculae are in development. The
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landscape of surgical training is changing; in the near future
procedure-specific credentialing is to be expected.
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