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Abstract
Background

Non-technical skills (NTS) are being increasingly recognised as vital for safe surgical practice.
Numerous NTS rating systems have been developed to support effective training and
assessment. Yet despite the additional challenges posed by robotic surgery, no NTS rating
systems have been developed for this unique surgical environment. This study reports the
development and validation of the first NTS behavioural rating system for robotic surgery.

Methods

A comprehensive index of all relevant NTS behaviours in robotic surgery was developed
through observation of robotic theatre and interviews with robotic surgeons. Using a Delphi
methodology, a panel of 16 expert surgeons were consulted to identify behaviours
important to NTS assessment. These behaviours were organised into an appropriate
assessment template. Experts were consulted on the feasibility, applicability and
educational impact of ICARS.

An observational trial was used to validate ICARS. 73 novice, intermediate and expert
robotic surgeons completed a urethrovesical anastomosis within a simulated operating
room. NTS were tested using four scripted scenarios of increasing difficulty. Performances
were video recorded. Robotic and NTS experts assessed the videos post-hoc using ICARS and
the standard behavioural rating system, NOn-Technical Skills for Surgeons (NOTSS).

Results

28 key non-technical behaviours were identified by the expert panel. The finalised
behavioural rating system was organised into 4 principle domains and 7 categories. Expert
opinion strongly supported its implementation. ICARS was found to be equivalent to NOTSS
on Bland-Altman analysis and accurately differentiated between novice, intermediate and
expert participants, p=0.01. Moderate agreement was found between raters, Krippendorff’s
alpha = 0.4. The internal structure of ICARS was shown to be consistent and reliable (median
Cronbach alpha = 0.92, range 0.85-0.94).

Conclusion

ICARS is the first NTS behavioural rating system developed for robotic surgery. Initial
validation has shown it to be an effective and reliable tool. Implementation of ICARS will
supported structured training and assessment of NTS within the robotic surgical curriculum.
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Introduction

Effective non-technical skills (NTS) training and assessment is becoming an increasingly
important component of the medical curriculum. The growing recognition of the role of NTS
is clearly reflected in the quality and quantity of the behavioural training tools now
available[1].

Provision of safe and reliable patient has always been of paramount importance in surgery,
but this has been matched in recent years by large expansions in the regulatory monitoring
of outcomes. Such scrutiny has helped to highlight that that technical competency alone
does not guarantee success[2]. Recognition of the vital importance of NTS has resulted in
the development of various NTS behavioural rating systems. Separate systems have been
developed for assessment of the entire surgical team[3-5] as well as individual team
members such as surgeons[6,7], anaesthetists[8] and scrub practitioners[9]. To be effective
such rating systems must accurately capture relevant NTS behaviours. Established systems
such as Non-Technical Skills for Surgeons (NOTSS) taxonomy have been applied to a variety
of surgical specialties but in highly specialist environments, such generic tools may not be
suitable[10].

Robotic surgery has expanded rapidly in recent years despite high costs limiting its use to
specialist centres. Given the limited availability of robotic systems, training remains
challenging and various simulation based training curricula have been developed[11].
Robotic surgery demands significant adaptations to the standard operating room (OR)
environment including team interaction. As a result, proficiency in robotic surgery requires

specialist training in both technical and non-technical skills. Despite this, only recently have
robotic surgical curricula begun to incorporate NTS [12,13] and no behavioural markers
systems have yet been developed for robotic surgery[1].

This study aims to develop the first behavioural rating system specifically for surgeons NTS
during robotic surgery and provide initial validation evidence to demonstrate its
applicability to this unique operating environment.

Materials and Methods

Development of the Interpersonal and Cognitive Assessment for Robotic
Surgery (ICARS) Behavioural Rating System

This prospective study was conducted in collaboration with the Urological Department,
Guy’s Hospital, the Vattikuti Robotic Surgery Training Centre and the MRC Centre for
Transplantation, King’s College London. Approval was granted by the local research ethics
committee (Study Reference: LRU15/162080).

ICARS was developed using a similar core framework to those described by previous role
specific behavioural rating systems [6,9,8]. Development of ICARS was performed in three
stages. In the first stage, a full taxonomy of NTS behaviours relevant to surgeons performing
robotic surgery was compiled. Secondly the key NTS behaviours in robotic surgery were

identified using a modified Delphi process involving a panel of expert surgeons. In the final
stage, a behavioural marker system was designed, incorporating the key NTS skills for
robotic surgery into a practical checklist. The checklist was reviewed by the consensus panel
for final approval.

To create a comprehensive record of non-technical skills, 15 hours of live robotic surgery
were observed by two authors trained in surgical NTS. All potential behaviours and skills
relevant to non-technical skills assessment were recorded and collated. Throughout this
process, interviews were conducted with the operating surgeons to gain further insight into
potentially relevant NTS behaviours which were then correlated with clinical observations.
This provided a comprehensive catalogue of non-technical skills in robotic surgery. The final
list was decided by agreement of the researchers before being grouped and sub-categorised
into a preliminary checklist.

The draft ICARS rating system was disseminated to a consensus panel consisting of 16
surgeons (10 expert robotic surgeons and 6 expert laparoscopic surgeons with an
intermediate proficiency in robotic surgery). Surgeons were recruited to the panel by
invitation on the basis of their experience. A Delphi process was used to refine the checklist
and identify the key relevant behaviours for NTS assessment. In the first round, the
comprehensive checklist of behaviours was distributed. Panel members were asked to rate
the importance of each component for checklist inclusion using a 5-point Likert scale (5definitely important to 1- definitely not important). Inclusion was determined by a mean
score of 4. Excluded components were removed and the Delphi process continued until
there was saturation of information.

The approved list was then categorised and formatted into an appropriate assessment
template. A five-point rating scale was chosen to rate the specific behaviours matched to
subjective standards to aid assessment. These markers ranged from 1 = unacceptable to 5 =
excellent. This scale was chosen to ensure raters had specific scope for differentiating
subjects.
The finalised ICARS rating system was then recirculated amongst the experts. All members
of the consensus panel approved the finalised ICARS rating system. Expert opinion on the
assessment tool was formally gathered using a qualitative and quantitative questionnaire.

Validation Protocol

An observational trial was undertaken to validate the ICARS behavioural rating system.
Participants were invited to take part in the study as part of a larger trial of cognitive
training in surgery (trial reference ISRCTN47552076). Participants were recruited through
open invitation with no specific selection criteria were set. Participants were grouped
according to their surgical experience. Novices were defined as having no surgical operative
experience and less than 4 hours of robotic or laparoscopic simulation training.
Intermediate proficiency was set at between 1 and 50 robotic cases independently whilst
the expert standard was having performed over 50 robotic cases independently.

Within a simulated operating room environment, participants completed a surgical task and
their NTS were assessed. Principle analysis involved the assessment of 59 robotic novices. In
addition, intermediate and expert robotic surgeons completed the study. Prior to the study

all novice participants were given a 1 hour hands-on-training session on robotic suturing and
didactic training on performing a urethrovesical anastomosis. The assessment task
comprised a urethrovesical anastomosis using a synthetic dry-lab model (3-Dmed, OH, USA).
An “igloo” distributed operating room was used to authentically recreate the OR
environment and two actors played the roles of scrub assistant and anaesthetist[14]. Whilst
completing the suturing, participants were exposed to four scripted stressor events of
increasing magnitude. Firstly, the participants were engaged in direct conversation. Then
distracting music was played before the participants were questioned on the state of the
patient and potential bleeding. Finally, the patient was simulated to become
haemodynamically unstable, which the surgeon was required to manage the scenario whilst
completing the procedure. All scenarios were recorded using 3 external rooms cameras in
addition to the internal video feed from the robotic endoscopic camera. For the principle
analysis, all videos were blindly evaluated post hoc by a panel of expert robotic surgeons
and a NTS expert. All participants were assessed by the NTS expert and nested within the
expert robotic surgeons with overlap to enable agreement analysis. Secondary analysis of
intermediate and expert robotic participants was undertaken by expert robotic surgeons
only. All participants were assessed using ICARS and NOTSS.

Statistical Analysis

Categorical data was reported as frequency, n, and percentage. Continuous data is reported
as mean + standard deviation (SD).

Given its widespread implementation and validation, NOTSS was defined as the gold
standard. Correlation with ICARS was evaluated using a Bland-Altman plot. 95% confidence
intervals were corrected for the variance and bias associated with repeated
observations[15]. For direct comparison, mean NOTSS and ICARS values were normalised
using Z scores. The ability of ICARS to accurately discriminate between participants assessed
through the comparison of novice, intermediate and expert participants using the Kruskal
Wallis Test. For the purposes of this study we have assumed a direct correlation between
surgical experience and technical ability[16]. Global interrater reliability was assessed using
Krippendorff’s Alpha given the nested rating design. Direct comparison of raters using
intraclass correlation coefficient for agreement (ICCagreement) coefficients with a two-way
random effects model. Internal consistency of the principle domains was tested using
Cronbach’s alpha. Floors effects were considered present if more than 15% of the novices
achieved the minimum score[17]. Ceiling effects could not be assessed given the relatively
low numbers of expert participants.

Results

Development of ICARS

During the first phase of development, 45 distinct behaviours constituting robotic NTS were
identified and included in the preliminary checklist. The response rate for the Delphi process
was 100%. Two rounds of the Delphi process were required to reach a consensus amongst
the panel and produce the finalised list of NTS behaviours. The final checklist contained 28
core component behaviours, divided into four domains and seven categories (Figure 1). In

addition to generic domains of situation awareness, decision making, task management,
leadership and communication and team work, three further domains were felt to warrant
inclusion (WHO checklist completion, Console Set Up and Stress and Distractors).

Validation of ICARS Agreement

Feasibility, Acceptability and Educational Impact

All of the expert panel agreed that the use of ICARS for NTS training was important for
training in robotic surgery with 86% agreeing that ICARS could be appropriately applied to
the robotic surgical environment (Figure 2). Interestingly this was in the context of only 53%
having ever used an alternative NTS checklist. 68% of the panel did not think that NTS were
currently recognised within robotic surgical training. Only 40% felt an additional guidance
sheet would be required prior to use, highlighting its easy-to-use design. There was
significant support for the implementation of ICARS both as a learning and assessment tool,
80% agreed that NTS could be actively assessed using ICARS and help identify deficits in NTS.
73% believed ICARS would also promote beneficial discussion and learning follow the case.
As a result, 80% of experts agreed that they would be happy to implement ICARS during
training.

Validation and Reliability Assessment

73 participants completed the trial composed of 59 novices, 6 intermediate surgeons and 8
expert robotic surgeons. The novices had an average of 30min simulation experience on

open or laparoscopic simulation. None had robotic experience. The intermediate and expert
surgeons had mean robotic experience of 5 and 430 cases respectively. Laparoscopic and
robotic simulation experience between intermediates and experts were statistically similar.
Experts did have greater experience in non-technical skills training although this did not
reach significance (Supplementary Table 1).

Comparing ICARS to NOTSS, a high degree of correlation was seen on Bland-Altman plot
(Figure 3). The Bland Altman analysis indicates an appropriately narrow 95% confidence
interval (z score -0.66 to 0.65) with uniform scatter of plots suggesting good agreement.

The ability to accurately differentiate differing levels of NTS competence was assessed by
the comparative analysis of novice (n=59), intermediate (n=6) and expert (n=8) surgeons.
The assumption that NTS skill positively correlates with surgical experience was verified
through our analysis. Significant differences were found between the 3 groups with experts
performing best followed by intermediate participants, p=0.01 (Figure 4).

Krippendorff’s Alpha was found to be 0.42 indicating a moderate agreement[18]. However,
when compared directly, a greater degree of agreement between raters was seen with a
mean ICC of 0.60. Similarly, comparison of ratings from the NTS expert and expert robotic
surgeons showed a high degree of agreement (ICCagreement = 0.70).

Likewise, the internal structure of the checklist was found to be reliable (Table 1). All five
multi-component categories (Communication & Team Skills; Leadership; Decision Making;
Situational Awareness; Stress and Distractors) demonstrated high alpha coefficients (median

= 0.92 range 0.85-0.94) demonstrating that the questions accurately represent the category
constructs in each case. On analysis of the individual components, only one failed to support
the categories construct (Cronbach alpha <0.70) and would result in an improved alpha for
the category if deleted. Following discussion amongst the authors, it was decided to retain
it, “Appropriate Interaction with bedside assistant surgeon”, given the importance of this
behaviour. Absence of any floor effects on analysis of novice participants results further
supports content of ICARS.

Discussion

We have successfully developed and provided evidence for the preliminary validation of the
first NTS behavioural marker system for robotic surgeons. 28 key behaviours relevant to
robotic surgery were identified and organised into a structured behavioural rating system.
Expert feedback demonstrated a high degree of support for its acceptability, functionality
and educational impact of ICARS. Similarly, the validation study confirmed the reliability of
ICARS as an appropriate system for measuring NTS of robotic surgeons. Good interrater
reliability was seen despite the large pool of raters. Results correlated closely to the gold
standard and were able to distinguish clearly between novice, intermediate and expert
participants. Reliability was shown to extend to its internal structure. For all five multicomponent categories were found to have very strong relationship with their constituent
components. This supports the consistency with which ICARS assesses the various NTS
behavioural constructs identified during development.

The use of a simulated scenario to validate ICARS offers a number of benefits. Distributed
simulation has been shown to be effective in NTS assessment and enabled homogenous yet
full immersive training conditions to be set for all 73 participants[14,19]. Post-hoc video
analysis allowed blinded assessment to be undertaken by the panel of robotic and NTS
experts. Combined with the high number of participants, we were able to conduct a
comprehensive reliability assessment of the ICARS behavioural rating tool. Interestingly this
study also highlighted the lack of NTS training currently seen in robotic surgery with almost
half the surgeons never having used a NTS checklist. A key development aim of this project
was to create a tool that is easily used in the everyday setting. An overall structure similar to
establish task specific rating systems was used to maximise familiarity for surgeons[8,9,6]. In
addition, more specific detail was given to guide accurate behavioural assessment. Both the
feedback from the expert panel and the high degree of agreement found between the
experts with and without specialist non-technical skills experience, supporting its usability.

Robotic surgery poses considerable NTS challenges to the surgeon distinct to those of open
or even laparoscopic surgery. Face-to-face interaction between the surgeon and his team is
greatly reduced and there is an increased reliance on the surgical assistant and scrub team.
Furthermore, the surgeon’s role changes during the operation as he moves between the
bedside and console. Each requires different sets of NTS. These differences were reflected
both in the NTS selected during the development of ICARS and in the validation results.
ICARS assesses the surgeon both at the bedside and the console. Additionally, ICARS
includes a number of unique behaviours not described in generic rating systems including
awareness of team members whilst at the console, awareness of the patient status and
equipment failure[20,4,3,5]. These NTS idiosyncrasies of robotic surgery result from the

both the surgeon’s reliance on the robotic system and his detachment from the operating
room when sat in the encompassing environment of the console. The unique nature of
these skills is further highlighted by comparison of novice, intermediate and expert
performances. Experts were substantially better at coordinating the activities from the
console, appropriate communication, communicating with the team and managing
equipment failure (supplementary figure 1). Interestingly intermediate participants were
better at managing the patient at the bedside which may be reflected by their greater
experience as bedside assistants.

There were limitations to the study. Use of a simulated OR was appropriate for initial
validation however ongoing evaluation of ICARS during live surgery and in other specialities
is still required. Similarly, whilst we have demonstrated the reliability of ICARS across the
majority of key standards, continuing evaluation is required to measure test stability over
time as well as determine appropriate benchmarks for training[21,22]. Assessment using
ICARS will provide an objective measure of NTS that can be applied alongside technical skills
assessments already include in robotic surgical training[11].

ICARS has been developed as a rating tool to provide objective and structured assessment
of NTS during robotic surgery. As the use of robotic surgical systems continue to grow,
integration of ICARS within training programmes will provide objective and evidenced-based
evaluation of NTS in robotic surgery. The use of ICARS will support structured NTS training
and the standardised assessment it provides will enable further research into improving
safety and performance in robotic surgery. Currently the only commercially available
surgical robot is the Da Vinci System, which this study was based on. The key NTS

behaviours identified during this study that comprise ICARS will be equally applicable to the
new robotic systems currently in development[23]. As a result, ICARS will be applicable to
all robot training, allowing surgeons to directly compare and assess their NTS irrespective of
the specific robotic system used.

Conclusions

The first NTS behavioural rating system has been successfully developed for robotic surgery
using a structured, evidenced-based approach. Initial validation of the ICARS rating systems
demonstrates it to be an effective and reliable tool for assessing NTS during robotic surgery.
Ongoing evaluation of ICARS during simulation and real life training will help guide the
development of a structured training protocol for NTS in robotic surgery.
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