
HAL Id: hal-02994222
https://hal.science/hal-02994222v1

Submitted on 24 Feb 2023

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY-NC 4.0 - Attribution - Non-commercial use - International
License

Non-technical skills in robotic surgery and impact on
near-miss events: a multi-center study

Anthony Manuguerra, Charles Mazeaud, Nicolas Hubert, Pascal Eschwège,
Mathieu Roumiguié, Julia Salleron, Jacques Hubert

To cite this version:
Anthony Manuguerra, Charles Mazeaud, Nicolas Hubert, Pascal Eschwège, Mathieu Roumiguié, et al.. Non-
technical skills in robotic surgery and impact on near-miss events: a multi-center study. Surgical Endoscopy,
2021, 35 (9), pp.5062-5071. ⟨10.1007/s00464-020-07988-5⟩. ⟨hal-02994222⟩

https://hal.science/hal-02994222v1
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


Non‑technical skills in robotic surgery and impact on near‑miss events: 
a multi‑center study

Anthony Manuguerra1,2, Charles Mazeaud1, Nicolas Hubert3, Pascal Eschwège1,2,4, Mathieu Roumiguié5, 
Julia Salleron6, Jacques Hubert1,7

Abstract
Background Robotic surgery requires a set of non-technical skills (NTS), because of the complex environment. We aim to 

study relationship between NTS and near-miss events in robotic surgery.

Methods This is an observational study in five French centers. Three robotic procedures were observed and filmed by one of 

expert trainers in NTS. They established and scored a non-technical skills in robotic surgery (NTSRS) score, that included 

eight items, each scored from 1 to 5, to assess the whole surgical teams. The surgical teams also self-assessed their work. 

The number of near-miss events was recorded and classified as minor, or major but no harm incidents, independently by two 

surgeons. Correlations were Spearman coefficients.

Results Of the 26 procedures included, 15 were prostatectomy (58%), 9 nephrectomy (35%), and 2 pyeloplasty (7.7%). Half 

of procedures (n = 13) were performed by surgeons with extensive RS experience (more than 150 procedures). Per procedure, 

there was a median (quartiles) of 9 (7; 11) near-miss events. There was 1 (0; 2) major near-miss events, with no harm. The 

median NTSRS score was 18 (14; 21), out of 40. The number of near-miss events was strongly correlated with the NTSRS 

score (r = − 0.92, p < 0.001) but was not correlated with the surgeon’s experience. The surgeons for fifteen (58%) proce-

dures, and the bed-side surgeons for 11 (42%) procedures, felt that there was no need for an improvement in the quality of 

their NTS. None of the surgeons gave a negative self-evaluation for any procedure; in three procedures (12%), the bed-side 

surgeons self-assessed negatively, on ergonomics.

Conclusion Occurrence of near-miss events was reduced in teams managing NTS. Specific NTS surgical team training is 

essential for robotic surgery as it may have a significant impact on risk management.

Keywords Assessment, Live surgery, Near-miss events, Non-technical skills, Robotic surgery, Training

Robotic surgery takes place in a technically complex envi-

ronment, where team members are separated and visual 

communication, which is 80% of informations exchanged 

in non-robotic surgery, is totally inoperative [1, 2]. In addi-

tion, verbal communication is impaired, due to the distance 

between team members. This new robotic surgery paradigm 

Non-technical skills are known to be essential in surgery. We 

aimed to study their impact on risk management in robotic surgery, 

due to its specific spatial configuration by assessing non-technical 

skills of surgical teams and occurrence of near-miss events.
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requires interactions inside the team, through a set of non-

technical skills (NTS): decision-making and situational 

awareness, social interactions (communication, cooperation) 

and personal factors as leadership (Fig. 1). These skills have 

already demonstrated their importance in surgery; they have 

a significant impact on surgical results and if not mastered, 

they may lead to an increase in peri-operative morbidity 

and mortality. Gawande et al. found that 43% of all surgical 

errors were related to problems in communication and team-

work [3]. Robotic surgery demands significant adaptations 

to the standard operating room environment including team 

interactions, good organization and ergonomics, stress and 

disruptors management [4] (Fig. 1).

Poorly organized teamwork can lead to misunderstand-

ings, poor decision-making, loss of time, technical prob-

lems, or errors. These malfunctions are intraoperative 

adverse events which are defined as “something that was 

not intended by the surgeon, nor desired by a set of rules 

or an external observer, or that led the task outside accept-

able limits” [5]. Non-technical errors may be associated with 

intraoperative adverse events and also may influence clinical 

outcomes [6, 7].

To assist the standardization of intraoperative reporting, 

the EAES (European Association for Endoscopic Surgery) 

designed an adverse event classification [8]. This system cat-

egorizes intraoperative events with the goal of reproducing 

industrial practice where it has long been acknowledged that 

near-miss events form the base of a pyramid with serious 

incidents typically preceded by numerous low impact [9].

Near-miss events are defined as occurrence of a risk, or an 

action or omission, that increase likelihood of negative con-

sequence and under slightly changed circumstances could 

result in an injury or adverse effect on patient outcome.

These near misses correspond to grade 1 and 2 of the 

EAES classification of intraoperative adverse events in lapa-

roscopic surgery [8].

Only few studies have evaluated impact of NTS in robotic 

surgery, whereas this is a configuration where NTS are prob-

ably the most decisive [10, 11]. Some studies have shown 

a link between improvement of NTS and better technical 

realization in simulation [12–14], but none have studied the 

relationship between NTS and occurrence of intraoperative 

near-miss events in live robotic surgery.

We aimed to assess NTS of surgical teams in robotic 

surgery and their relationship with occurrence of near-miss 

events in the operating room.

Materials and methods

This is a multi-center prospective observational study of 

robotic-assisted surgery, conducted over one year period, 

in five French urological surgery departments: Toulouse 

University Hospital, Nancy University Hospital, Gentilly 

Polyclinic in Nancy, Montpellier University Hospital, and 

Robert Schuman Hospital in Metz.

To collect data objectively, we commissioned 2 experts 

in NTS from STAN (Surgical Telemanipulation Advanced 

Notechs) Institute. STAN Institute is a private company com-

posed by French Air Force Instructors experts in human fac-

tors, organizational behavior and NTS, trained by IRBA, the 

French Armed Biomedical Research Institute. Those profes-

sionals master the Medical Crew Resource  Management©an 

adaptation of Crew Resource Management courses devel-

oped by aviation and adapted to healthcare [15]. Experts 

were informed on different procedures observed and had 

a good knowledge of robotic surgery and in assessing sur-

geons, as they are trainers for the international robotic sur-

gery university degree program in Nancy, France.

Procedures were observed and filmed by one of the expert 

trainers. Video recordings were taken by a wide angle cam-

era positioned so that the surgeon at console and the team at 

bedside can be viewed, with audio capture by microphones. 

Patients were not filmed during procedures and we did not 

collect their personal data or clinical outcomes.

Before each procedure, the expert noted: date, location 

and type of procedure, a census of the entire team (surgeon, 

bed side surgeon, scrubbed nurse, circulating nurse, anesthe-

siologist, anesthetist nurse), experience of the surgeon (num-

ber of procedures performed, total number of procedures in 

robotic surgery, training in robotic surgery, prior awareness 

of NTS), experience of the bed-side surgeon (number of 

robotic surgery assisted, duration of practice as bed-side in 

robotic surgery).

He recorded and time-stamped each event not intended or 

which led the task outside acceptable limits, and its nature.Fig. 1  Non-technical skills (NTS)
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He also noted if there was a pre-operative briefing, the 

completed WHO checklist and a debriefing.

During live observation, the expert completed the 

Non-Technical Skills in Robotic Surgery (NTSRS) score 

(Table 1).

Tool development: the NTSRS score is a composite 

score, derived from different tools that were developed to 

measure NTS of surgeons [16–21]. It was developed by the 

STAN Institute expert trainers, in collaboration with three 

surgeons: two surgeon-educators, experts in robotic surgery, 

and a senior surgical trainee. The selection and definition 

of the eight nontechnical skill items to be included in this 

new rating tool was based on existing evidence-based rating 

systems and frameworks of nontechnical skills in the operat-

ing room (communication, cooperation, decision-making, 

leadership and situational awareness), adding three areas 

that were judged specific to robotic surgery: organization, 

ergonomics of the operating room, and stress and disrup-

tors management. Those three areas were classified as the 

“environment” dimension and were identified by all STAN 

Institute experts as essential to assess non-technical skills of 

surgical teams in robotic surgery. They were missing in all 

the reference tools [4, 22].

Previous to the study, the NTSRS score was blind tested 

by the experts in simulated operating rooms.

For each procedure, the expert rated the eight items in 

the score based on a Likert scale from 1 (very poor) to 5 

(excellent).

The total NTSRS score is the sum of the results obtained 

from the three environment and the five skills items 

(Table 1).

At the end of procedure, the expert asked separately for 

self-assessment of the surgeon, the bed-side surgeon and 

the scrubbed nurse about: ergonomics, quality of commu-

nication, cooperation, leadership, situational awareness and 

maintenance of safety. Each item was rated with a Likert 

scale from 1 (very poor) to 5 (excellent). Notes 1 and 2 

corresponded to a negative self-assessment, 3 to a neutral 

impression, 4 and 5 to a positive impression.

Based on the experts observations and event recordings, 

completed with analyzes of video recordings, two surgeons 

(a surgeon-educator expert in robotic surgery, and a senior 

surgical trainee well educated to the different procedures) 

independently counted and classified near-miss events using 

observational clinical human reliability analysis (OCHRA) 

[23, 24]. They classified near-miss events as grade 1 (minor 

error, no damage or corrective action required, security con-

trol was maintained) and grade 2 (major error, event with no 

harm) (Table 2). Each procedure was blinded and analyzed 

by the two separate surgeons. Surgeons were not involved 

into procedures. Before the study, they were trained to NTS 

and to assess errors in robotic surgery.

Their inter-observer reliability was evaluated by the intra-

class correlation coefficient [25]. A coefficient greater than 

0.8 corresponded to a good reliability [26].

Approval by the institutional ethic committee of Nancy 

University Hospital was obtained, and all surgical teams 

were observed and filmed after they provided informed 

consent.

Statistics

Numerical parameters were described by median (quar-

tiles), qualitative parameters as frequency and percentage. 

We evaluated the relationship between numerical param-

eters using the Spearman correlation coefficient. According 

Table 1  The non-technical skills robotic surgery (NTSRS) score

The NTSRS score

Dimension Minimum–

Maximum 

score

Element Behaviours

Environment 3–15 Organization Preparation of adequate equipment, checklist at the beginning of the interven-

tion, qualified and trained personnel available

Ergonomics Installation of the robot and the console, layout of the room

Disruptors Identifying and managing stress and distraction, maintaining cognitive skills

Skills 5–25 Safe communication Appropriate and effective verbal communication, presence of feedback

Situation awareness Awareness of the patient’s condition, difficulties and roles of the team, antici-

pation of problems

Cooperation Interaction with bed-side surgeon, with the nursing team, with the anesthetist 

team

Leadership Delegation and coordination of tasks to his team, supports his team, does not 

transmit stress

Decision-making Decision on technical or human issues, considers options, argues choices

Total score 8–40 Scoring: (1) Very poor (2) poor (3) acceptable (4) good (5) excellent
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to Cohen [27], the correlation was considered strong if the 

absolute value of the correlation coefficient was greater than 

0.5. Numerical parameters were compared between groups 

by a Wilcoxon test. Analyzes were performed using SAS 

software, version 9.4 (SAS Institute Inc., Cary, NC, USA). 

The level of significance was set at 5%.

Results

Procedure characteristics

Of the 27 procedures observed between September 2016 and 

September 2017, one was not included in the study for early 

laparotomy (due to abdominal adhesions). There was 15 

procedures observed by one expert and 11 by the other one.

Procedure characteristics are given in Table 3.

NTSRS score

The median NTSRS score was 18 (14; 21), out of a maxi-

mum of 40 (Table 4). The lower score was 10 out of 40, and 

the higher score was 25 out of 40. 42% (n = 11) of teams 

obtained a NTSRS score higher than 20 out of 40.

In the domain of environment, experts observed poor 

organization and poor disruptors management (scores < 3 

out of 5) in 73% (n = 19) of procedures. In 88% (n = 23), 

experts noted poor ergonomics because of wrong layout of 

the console or the robot.

Safe communication was good (score > 3 out of 5) in one 

procedure, and was assessed ‘very poor’ in 61% (n = 16) of 

procedures.

Table 2  The near-miss events classification

Near-miss 

events 

grade

Intraoperative near-miss events classification Example error events

Grade 1 Minor error, inconsequential, no damage or corrective action required, maintain 

of security control

Applying excessive force, concentration lapses, 

poor instrument selection or insertion, incor-

rect order of steps, unplugged cables, tissue 

avulsion, wrong clip application, continues 

procedure with stain on the endoscope, minor 

loss of time, robot arm conflicts

Grade 2 Major inconsequential error with unsupported safety or consequential event with 

no harm, requiring corrective action but no change in postoperative care

Loss of instruments of the field of vision with 

sudden and insistent movements, minor 

bleeding, brutal loss of pneumoperitoneum, 

wrong coagulation parameters, wrong plane 

dissection, accidental trocar extraction, miss-

ing compress

Table 3  Procedure characteristics

n (%) of procedures

Experience of surgeons

 > 150 procedures in robotic surgery 13 (50%)

 20–150 procedures in robotic surgery 11 (42%)

 < 20 procedures in robotic surgery 2 (8%)

Presence of checklist, briefing or debriefing

 Complete checklist 1 (4%)

 Partial checklist 16 (62%)

 Briefing 12 (46%)

 Debriefing 2 (8%)

Table 4  Number of near-miss events per procedure and the Non-

Technical Skills Robotic Surgery (NTSRS) score for the 26 proce-

dures observed

Median (quartiles) Mini-

mum–

maximum

Number of near-miss events per procedure

 Total 9 (7;11) 3–20

 Grade 1 near-misses 7 (7;10) 3–14

 Grade 2 near-misses 1 (0;2) 0–7

Non-Technical Skills Robotic Surgery (NTSRS) Score

 Environment

  Ergonomics 2 (2;2) 1–3

  Organization 2 (2;3) 1–3

  Distractors 2 (1;3) 1–3

 Environment score /15 6 (5;7) 3–8

 Skills

  Communication 1 (1;2) 1–4

  Situation awareness 2 (2;3) 1–4

  Decision-making 3 (2;3) 1–5

  Cooperation 3 (2;4) 1–4

  Leadership 3 (2;4) 1–5

 Skills score/25 13 (9;15) 6–19

 Total Score/40 18 (14;21) 10–25
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Experts found that situation awareness were poor in 69% 

(n = 18) because of lack of anticipation and not sharing the 

situation awareness within the team.

Leadership, decision-making and cooperation were 

assessed acceptable, good or excellent (score > or = 3 out 

of 5) in respectively 18 (69%), 15 (58%), and 13 procedures 

(50%).

There was a statistically significant correlation between 

the environmental dimension and the skill dimension of the 

NTSRS score (correlation coefficient, r = 0.59, p = 0.002).

Near‑miss events

For the 26 observed procedures, a median of 9 (quartiles: 7; 

11) near-miss events per procedure was observed (Table 4);

38% (n = 10) of the procedures had more than nine near-

miss events and more than two grade 2 near-misses. The 

intra-class correlation coefficient for the number of grade 

1 near-miss events was 0.87, 95% CI [0.75; 0.94] and 0.80 

[0.61; 0.90] for grade 2 near-miss events. When there was 

fewer than 10 near-miss events, the number of grade 2 near 

misses was more than 1 in only one case. If there were more 

than 9 near-miss events, there was fewer than two grade 2 

near-miss events in only one procedure.

Relationship between NTSRS scores and number 
of near‑miss events

The number of near-miss events was strongly and neg-

atively correlated with the NTSRS score (r = −  0.92, 

p < 0.001) (Table 5), with strong correlations for both the 

numbers of grade 1 and 2 events. Near-miss events were 

correlated with environment score (r = − 0.72, p < 0.001) 

and skills score (r = − 0.84, p < 0.001) and both near-

misses grade 1 and 2 were correlated with each dimension 

of NTSRS score.

Relationship with surgeon’s experience

Surgeons had a median of 10 years of experience in sur-

gery (quartiles, 5; 14), and 5 years (4; 6) in robotic surgery. 

There was little correlation between the number of near-

miss events per procedure and the surgeon’s experience 

(Table 5); further, the surgeon’s experience was not related 

with the NTSRS score, except in the area of decision-mak-

ing where there was a moderate correlation with number 

of procedures in robotic surgery (r = 0.45, p < 0.05) and 

years of experience in robotic surgery (r = 0.4, p < 0.05) 

(Supplement 1).

Table 5  Factors associated with the number of near-miss events, in 26 robotic surgery procedures

1 Spearman correlation coefficient
2 Median (quartiles) of the numbers of near-miss events

Total number of near-miss events Number of grade 1 near-miss 

events

Number of grade 2 near-

miss events

r1 p value r p value r p value

Non-technical skills in robotic surgery score

 Total score − 0.92 < 0.001 − 0.80 < 0.001 − 0.88 < 0.001

 Environment score − 0.72 < 0.001 − 0.66 < 0.001 − 0.72 < 0.001

 Skills score − 0.84 < 0.001 − 0.78 < 0.001 − 0.77 < 0.001

Total number of near-miss events Number of grade 1 near-miss 

events

Number of grade 2 near-

miss events

r p value r p value r p value

Surgeon’s experience

 Number of years of surgery procedures − 0.09 0.653 − 0.06 0.762 − 0.06 0.781

 Number of robotic surgery procedures − 0.21 0.298 − 0.16 0.428 − 0.19 0.367

 Number of years of robotic surgery − 0.16 0.430 − 0.14 0.477 − 0.15 0.483

Total number of near-miss events Number of grade 1 near-miss 

events

Number of grade 2 near-

miss events

Median (q1;q3) 2 p value Median (q1;q3) p value Median (q1;q3) p value

Pre-operative checklist

 Not done (n = 9) 11 (8;14) 0.143 10 (7;11) 0.171 1 (1;3) 0.122

 Done (n = 17) 8 (7;10) 7 (6;8) 0 (0;2)
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Impressions of teams

The surgeons and the bed-side surgeons thought there was 

no need for improvements to the quality of their NTS for 

15 (58%) and 11 (42%) of the procedures, respectively.

There was no negative self-assessment of surgeons 

on any of the procedures in any areas. For three proce-

dures (12%), bed-side surgeons self-assessed negatively 

on ergonomics (Table 6). 13 assessments were missing 

for scrubbed nurses. They thought there was need for 

improvement of their NTS in 8 procedures. Negative self-

assessment for ergonomics was given in two procedures 

and for communication also for two procedures.

Discussion

Link between NTS and near‑miss events

This study shows a strong negative correlation (r = − 0.92, 

p < 0.001) between NTS and number of near-miss events 

in robotic surgery: the higher the NTSRS score, the fewer 

near-miss events. NTSRS score was strongly correlated 

with both near-misses grade 1 (r = − 0.8, p < 0.001) and 

grade 2 (r = − 0.88, p > 0.001). This is the first study which 

proves impact of NTS on near-misses, specifically for 

robotic surgery. Our study shows how essentials are NTS 

to reduce near-miss events in robotic surgery.

In the literature, there is an improvement in technical per-

formance when NTS are mastered [28]. Schiff et al. found an 

increase in blood loss and operating time in case of commu-

nication failures between the surgeon and his team or when 

there was a high level of noise in the operating room [29].

In our series, we did not observe any harmful intra 

operative adverse events and no information on patient 

outcome was available; consequently, the relevance of the 

identified events for patient outcome could not be ascer-

tained. However, near-misses analysis represents a novel 

surrogate assessment method for intraoperative technical 

performance [30, 31]. Analyzes of clinical outcome could 

be the subject of further studies.

Despite the few procedures observed, we found strong 

correlations, which let us think that by increasing our 

workforce, we should strengthen our results.

NTSRS score

NTSRS scores were quite low, half of teams obtained 

scores lower than 18 out of 40 and the higher NTSRS 

score was 25 out of 40. Teams obtain acceptable or good 

scores in the areas of leadership, decision-making and 

cooperation as experts observed good teams interactions, 

caring atmosphere, goodwill of surgeon, and appropriate 

decisions made at the console or the bedside in respec-

tively 69%, 58% and 50% of the procedures.

Whereas in situation awareness and safe communication 

areas, experts noted poor behaviors as there were hazard-

ous or not effective communication, and lack of feedback.

Experts observed poor organization and disruptors man-

agement as there were issues with preparation of equip-

ment, wrong console or robot settings, or failure to com-

plete the checklist and the presence of disruptors, with 

difficulties to maintain cognitive skills and distraction 

from the task performed.

A study to attempt validating the NTSRS score should 

be done. Reliability and reproducibility analyzes of our 

Table 6  Self-assessment of surgeons and their teams (bed-side sur-

geons and scrubbed nurses) on their non-technical skills in 26 robotic 

surgery procedures

Self-assessment of non-technical skills 

(n (%))

Negative Neutral Positive

Surgeon’s assessments (n = 26)

 Ergonomics 0 5 (19%) 21 (81%)

 Communication 0 1 (3.9%) 25 (96%)

 Decision-making 0 0 26 (100%)

 Cooperation 0 0 26 (100%)

 Situation awareness 0 1 (3.9%) 25 (96%)

 Leadership 0 1 (3.9%) 25 (96%)

 Safety 0 1 (3.9%) 25 (96%)

Bed-side surgeon’s assessments (n = 26)

 Ergonomics 3 (12%) 6 (24%) 17 (65%)

 Communication 0 3 (12%) 23 (88%)

 Decision-making 0 2 (7.7%) 24 (92%)

 Cooperation 0 2 (7.7%) 24 (92%)

 Situation awareness 0 1 (3.8%) 25 (96%)

 Leadership 0 2 (7.7%) 24 (92%)

 Safety 0 4 (15%) 22 (85%)

Scrubbed nurses assessments (n = 13)

 Ergonomics 2 (15%) 3 (23%) 8 (61%)

 Communication 2 (15%) 2 (15%) 9 (69%)

 Decision-making 0 0 13

 Cooperation 0 0 13

 Situation awareness 0 0 13

 Leadership 0 1 (8%) 12 (92%)

 Safety 0 1(8%) 12 (92%)
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score are necessary. Although, this is a multi-center study 

with structures with different organizations (private and 

public) and the assessment was successfully done each 

time. The score was also blind tested by the experts before 

the study and seems to show good reproducibility but no 

statistical analysis have been done and this is one of the 

limitation of our study.

Raison et al. recently proposed a new NTS assessment 

tool: the Interpersonal and Cognitive Assessment for 

Robotic Surgery (ICARS) system [32], that has been vali-

dated and shown to be reproducible for robotic surgery. It 

includes an environmental dimension and also ergonomics, 

disruptors and checklist but the study was published after 

our study period.

We could think principal bias of our study relates to the 

Hawthorne effect with on-site presence of the assessor and 

recording devices in operating room. This could improve or 

deteriorate general surgical teamwork and NTSRS score. 

However, scores being quite low, we might think that its 

presence was forgotten once the surgical team was plunged 

into procedure.

NTS training and bed‑side surgeon’s role

Although the importance of NTS is recognized, these skills 

are rarely taught and evaluated during medical training and 

even though they have been shown to improve patient safety 

[33].

Yule et al. concluded that dedicated training for NTS 

helped improve team members NTS and timeliness in man-

aging troubles [34]. NTS training is appropriate for all levels 

and training juniors alongside senior is probably the best 

way [35]. It concerns the whole surgical team. Recently, the 

robotic surgery section of the European Association of Urol-

ogy proposed a standardized robotic surgery training cur-

riculum, that includes a non-technical dimension [36, 37].

Al-Jundi et al. found that 81% of surgical team members 

considered training in these NTS to be as important as learn-

ing technical skills. Despite this, junior surgeons were the 

group, who considered NTS not to be so important [38]. 

However, the bed-side surgeon has a primary role within 

the surgical team [39, 40] and experts observed surgeons 

aware of NTS working with a bed-side surgeon who was 

not aware or not trained in robotic surgery and NTS: safe 

communication, shared situation awareness, and cooperation 

were deteriorated.

The benefit of training in robotic surgery through simula-

tion has already been demonstrated for technical and non-

technical skills [41–43] Bootcamps or simulation workshops 

in multidisciplinary teams are a good way to improve both 

the technical and non-technical skills of junior surgeons [35, 

44–46] and should be integrated with robotic surgery train-

ing to improve safety.

NTS and experience

In our study, no correlation was found between surgeon’s 

experience and the NTSRS score, except in the area of deci-

sion-making. That does not mean experience is not related 

with NTS acquisition but we should distinguish between 

experience and specific training in NTS.

A study by Gostlow et al. found that NTS scores initially 

increased quickly with experience until reaching a peak after 

the end of junior training and then decreased linearly over 

time, particularly in the areas of leadership and cooperation 

[47].

A recent literature review pointed out that curriculum 

trained surgeons achieved outcomes rates at least compara-

ble to those of expert surgeons and emphasized the impor-

tance of tools for evaluating NTS and the implementation of 

standardized and validated curricula [48].

Teams impressions

Most of surgical teams assessed themselves very positively 

on all of their skills. Only few bed-side surgeons criticized 

on ergonomics, which seems far from experts evaluation. We 

did not analyze correlation between experts scores and self-

assessments. However, teams, whether the surgeon, the bed-

side, or the scrubbed nurse, self-assessed very positively, 

while score assessed by the experts were low. For example, 

in the safe communication area, surgeons and bed-side sur-

geons self-assessed themselves positively (> 3 out of 5) in 

96% and 88% of procedures while expert’s score was more 

than 3 out of 5 in only one (3.8%) procedure and median 

score was 1 out of 5 (1; 2). In the ergonomics area, experts 

noted negative scores in 88% of procedures, whereas sur-

geons, bed-side surgeons and scrubbed nurses self-assessed 

negatively in respectively 0, 15% and 12% of procedures.

It could be because no intraoperative adverse event 

occurred during the study that teams felt there is no need 

for improvement, or because they are not aware of the impor-

tance of NTS. Furthermore, while there is a general caring 

atmosphere in the operating room, maybe team members 

don’t want to give personal negative review as they are afraid 

of uncertain privacy. In medicine, we often overrate our 

skills and surgical teams might work on it.

Finally, a Likert scale with general skills is maybe not 

appropriate for self-assessments and perhaps we should use 

more specific and relevant questions.

It would be of interest to study whether there is a link 

between surgeon’s leadership and his team’s cooperation.

STAN Institute’s review

In operating rooms, safe communication is generally weak. 

However, the observers have detected that surgical teams 
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use a standardized communication for extraction of foreign 

objects from the patient (“needle extracted”, “compress is 

out”,…). They noticed that communication is not always 

effective and efficient for all kind of request (for example 

when changing of pneumoperitoneum pressure or prepar-

ing equipment). Teams speak a lot but communicate not 

particularly.

The observers have remarked that surgeon’s leader-

ship is essential and his goodwill with his team increases 

cooperation.

Due to their own training and experience, the surgeon and 

the bed-side surgeon have a good self-situation awareness. 

Because of the lack of communication, this situation aware-

ness is not shared with the surgical team and could create a 

root of near-miss events. With safe verbal communication 

(transmitter sends a request- receiver collates the message, 

acts and then gives feedback to the transmitter) situational 

awareness is increasing within the team.

According to the experts, there are a lot of disruptors in 

robotic operating rooms (phone calls, colleagues entering 

and leaving the room, some speaking with the surgeon or 

with the team, change of a team member) which cause inter-

ference in safe communication and influence the leadership 

and the decision-making.

Teams could also implement briefing which is another 

security standard procedure. It is done sometimes when sur-

gery is expected to be difficult but remains brief. However, it 

allows the whole team to be plugged into the procedure and 

increases situational awareness. No debriefing was observed 

though it aims to improve team performance. However, these 

two measures increase the quality of teamwork and the feel-

ing of security in operating theaters [49, 50].

Conclusion

High NTSRS score is strongly associated with low number 

of near-miss events. Thus, improving NTS in robotic sur-

gery may lead to reduce the occurrence of near-misses and 

could have an impact on risk management. Robotic surgery 

requires technical deftness and additional mastery of NTS 

appears to be decisive to raise awareness of the occurrence 

of errors. We need further studies to prove the role of NTS 

on clinical outcomes in robotic surgery.

Acknowledgements The authors would like to thank Drs. Jean Bap-

tiste Beauval, Nicolas Doumerc for their contributions to the study. 

The authors acknowledge Mr. Alexandre Thouroude, Mrs. Marjorie 

Mazeau, Mr. Erwan de Penfentenyo de Kervereguen and Mr. Jean-

Pierre Henry from Stan Institute for their precious help and their 

enlightened vision and open-mindedness. A special acknowledge-

ment for Dr. Beverley Balkau for her external writing review. Anthony 

Manuguerra acknowledges the support from Surgery school of Medi-

cine Faculty of Nancy and Stan Institute and the help of the Toulouse 

University Hospital, Nancy University Hospital, Gentilly polyclinic in 

Nancy, Montpellier University Hospital, and Robert Schuman Hospital 

in Metz.

Compliance with ethical standards 

Disclosures Drs Anthony Manuguerra, Nicolas Hubert, Charles 

Mazeaud, Mathieu Roumiguie, Prof. Pascal Eschwege and Jacques 

Hubert, Miss Julia Salleron report that they have no conflicts of inter-

est or financial ties to disclose.

Informed consent All members of surgical teams gave their consent 

to be filmed and assessed during procedures.

References

1. Mehrabian A, Ferris SR (1967) Inference of attitudes from non-

verbal communication in two channels. J Consult Psychol 31:248–

252. https ://doi.org/10.1037/h0024 648

2. Mehrabian A, Wiener M (1967) Decoding of inconsistent commu-

nications. J Pers Soc Psychol 6:109–114. https ://doi.org/10.1037/

h0024 532

3. Gawande AA, Zinner MJ, Studdert DM, Brennan TA (2003) Anal-

ysis of errors reported by surgeons at three teaching hospitals.

Surgery 133:614–621. https ://doi.org/10.1067/msy.2003.169

4. Rodrigues SP, Wever AM, Dankelman J, Jansen FW (2012)

Risk factors in patient safety: minimally invasive surgery ver-

sus conventional surgery. Surg Endosc 26:350–356. https ://doi.

org/10.1007/s0046 4-011-1874-z

5. Senders JW, Moray NP (2020) Human error: cause, prediction,

and reduction. CRC Press, Boca Raton

6. Bonrath EM, Dedy NJ, Zevin B, Grantcharov TP (2013) Defin-

ing technical errors in laparoscopic surgery: a systematic review.

Surg Endosc 27:2678–2691. https ://doi.org/10.1007/s0046 

4-013-2827-5

7. Catchpole K (2010) Errors in the operating theatre—how to spot

and stop them. J Health Serv Res Policy 15:48–51. https ://doi.

org/10.1258/jhsrp .2009.09s10 5

8. on behalf of the EAES committees, Francis NK, Curtis NJ, Conti 

JA, Foster JD, Bonjer HJ, Hanna GB (2018) EAES classifica-

tion of intraoperative adverse events in laparoscopic surgery.

Surg Endosc 32:3822–3829. https ://doi.org/10.1007/s0046 

4-018-6108-1

9. Yorio PL, Moore SM (2018) Examining factors that influence the

existence of heinrich’s safety triangle using site-specific H&S data 

from more than 25,000 establishments: examining factors that

influence the existence of heinrich’s safety triangle. Risk Anal

38:839–852. https ://doi.org/10.1111/risa.12869 

 10. Brunckhorst O, Khan MS, Dasgupta P, Ahmed K (2015) Effective 

non-technical skills are imperative to robot-assisted surgery. BJU

Int 116:842–844. https ://doi.org/10.1111/bju.12934 

 11. Guru KA, Esfahani ET, Raza SJ, Bhat R, Wang K, Hammond Y,

Wilding G, Peabody JO, Chowriappa AJ (2015) Cognitive skills

assessment during robot-assisted surgery: separating the wheat

from the chaff. BJU Int 115:166–174. https ://doi.org/10.1111/

bju.12657

 12. Brunckhorst O, Shahid S, Aydin A, Khan S, McIlhenny C, Brewin 

J, Sahai A, Bello F, Kneebone R, Shamim Khan M, Dasgupta P,

Ahmed K (2015) The relationship between technical and non-

technical skills within a simulation-based ureteroscopy training

environment. J Surg Edu 72:1039–1044. https ://doi.org/10.1016/j.

jsurg .2015.04.002

8



 13. Hull L, Arora S, Aggarwal R, Darzi A, Vincent C, Sevdalis N

(2012) The impact of nontechnical skills on technical performance 

in surgery: a systematic review. J Am Coll Surg 214:214–230.

https ://doi.org/10.1016/j.jamco llsur g.2011.10.016

 14. Riem N, Boet S, Bould MD, Tavares W, Naik VN (2012) Do tech-

nical skills correlate with non-technical skills in crisis resource

management: a simulation study. BJA 109:723–728. https ://doi.

org/10.1093/bja/aes25 6

 15. Our team. In: Stan Institute. https ://stan-insti tute.com/en/forma 

tion/our-team/. Accessed 6 May 2020

 16. Hull L, Arora S, Kassab E, Kneebone R, Sevdalis N (2011) Obser-

vational teamwork assessment for surgery: content validation

and tool refinement. J Am Coll Surg 212:234–243.e5. https ://doi.

org/10.1016/j.jamco llsur g.2010.11.001

 17. Sevdalis N, Davis R, Koutantji M, Undre S, Darzi A, Vincent CA 

(2008) Reliability of a revised NOTECHS scale for use in surgical

teams. Am J Surg 196:184–190. https ://doi.org/10.1016/j.amjsu

rg.2007.08.070

 18. Mishra A, Catchpole K, McCulloch P (2009) The Oxford

NOTECHS System: reliability and validity of a tool for measur-

ing teamwork behaviour in the operating theatre. Qual Saf Health 

Care 18:104–108. https ://doi.org/10.1136/qshc.2007.02476 0

 19. Robertson ER, Hadi M, Morgan LJ, Pickering SP, Collins G,

New S, Griffin D, McCulloch P, Catchpole KC (2014) Oxford

NOTECHS II: a modified theatre team non-technical skills scor-

ing system. PLoS One 9:e90320. https ://doi.org/10.1371/journ 

al.pone.00903 20

 20. Yule S, Flin R, Paterson-Brown S, Maran N, Rowley D (2006)

Development of a rating system for surgeons’ non-techni-

cal skills. Med Educ 40:1098–1104. https ://doi.org/10.111

1/j.1365-2929.2006.02610 .x

 21. Dedy NJ, Szasz P, Louridas M, Bonrath EM, Husslein H, Grantch-

arov TP (2015) Objective structured assessment of nontechnical

skills: reliability of a global rating scale for the in-training assess-

ment in the operating room. Surgery 157:1002–1013. https ://doi.

org/10.1016/j.surg.2014.12.023

 22. Wood TC, Raison N, Haldar S, Brunckhorst O, McIlhenny C, Das-

gupta P, Ahmed K (2017) Training tools for nontechnical skills

for surgeons—a systematic review. J Surg Edu 74:548–578. https

://doi.org/10.1016/j.jsurg .2016.11.017

 23. Tang B (2004) Identification and categorization of technical errors 

by observational clinical human reliability assessment (OCHRA) 

during laparoscopic cholecystectomy. Arch Surg 139:1215. https

://doi.org/10.1001/archs urg.139.11.1215

 24. Tang B, Cuschieri A (2020) Objective assessment of surgical

operative performance by observational clinical human reliability 

analysis (OCHRA): a systematic review. Surg Endosc 34:1492–

1508. https ://doi.org/10.1007/s0046 4-019-07365 -x

 25. Shrout PE, Fleiss JL (1979) Intraclass correlations: Uses in

assessing rater reliability. Psychol Bull 86:420–428. https ://doi.

org/10.1037/0033-2909.86.2.420

 26. Landis JR, Koch GG (1977) The measurement of observer agree-

ment for categorical data. Biometrics 33:159–174. https ://doi.

org/10.2307/25293 10

 27. Cohen J (1988) Statistical power analysis for the behavioral sci-

ences, 2nd edn. Lawrence Erlbaum Associates, Hillsdale, NJ

 28. Rao R, Dumon KR, Neylan CJ, Morris JB, Riddle EW, Sensenig

R, Park Y, Williams NN, Dempsey DT, Brooks AD (2016) Can

simulated team tasks be used to improve nontechnical skills in the 

operating room? J Surg Edu 73:e42–e47. https ://doi.org/10.1016/j.

jsurg .2016.06.004

 29. Schiff L, Tsafrir Z, Aoun J, Taylor A, Theoharis E, Eisenstein D

(2016) Quality of communication in robotic surgery and surgical 

outcomes. JSLS. https ://doi.org/10.4293/JSLS.2016.00026 

 30. Curtis NJ, Dennison G, Brown CSB, Hewett PJ, Hanna GB,

Stevenson ARL, Francis NK (2019) Clinical evaluation of

intraoperative near misses in laparoscopic rectal cancer surgery. 

Ann Surg. Publish Ahead of Print. https://doi.org/https ://doi.

org/10.1097/SLA.00000 00000 00345 2

 31. Van Spall H, Kassam A, Tollefson TT (2015) Near-misses are

an opportunity to improve patient safety: adapting strategies of

high reliability organizations to healthcare. Curr Opin Otolaryngol 

Head Neck Surg 23:292–296. https ://doi.org/10.1097/MOO.00000 

00000 00017 7

 32. Raison N, Wood T, Brunckhorst O, Abe T, Ross T, Challacombe

B, Khan MS, Novara G, Buffi N, Van Der Poel H, McIlhenny

C, Dasgupta P, Ahmed K (2017) Development and validation

of a tool for non-technical skills evaluation in robotic surgery—

the ICARS system. Surg Endosc 31:5403–5410. https ://doi.

org/10.1007/s0046 4-017-5622-x

 33. Gordon M, Darbyshire D, Baker P (2012) Non-technical skills

training to enhance patient safety: a systematic review: Non-tech-

nical skills education: a systematic review. Med Educ 46:1042–

1054. https ://doi.org/10.1111/j.1365-2923.2012.04343 .x

 34. Yule S, Parker SH, Wilkinson J, McKinley A, MacDonald J, Neill 

A, McAdam T (2015) Coaching non-technical skills improves sur-

gical residents’ performance in a simulated operating room. J Surg 

Edu 72:1124–1130. https ://doi.org/10.1016/j.jsurg .2015.06.012

 35. Griffin C, Aydın A, Brunckhorst O, Raison N, Khan MS, Dasgupta 

P, Ahmed K (2019) Non-technical skills: a review of training and 

evaluation in urology. World J Urol. https ://doi.org/10.1007/s0034 

5-019-02920 -6

 36. Ahmed K, Khan R, Mottrie A, Lovegrove C, Abaza R, Ahlawat

R, Ahlering T, Ahlgren G, Artibani W, Barret E, Cathelineau

X, Challacombe B, Coloby P, Khan MS, Hubert J, Michel MS,

Montorsi F, Murphy D, Palou J, Patel V, Piechaud P-T, Van Pop-

pel H, Rischmann P, Sanchez-Salas R, Siemer S, Stoeckle M,

Stolzenburg J-U, Terrier J-E, Thüroff JW, Vaessen C, Van Der

Poel HG, Van Cleynenbreugel B, Volpe A, Wagner C, Wiklund

P, Wilson T, Wirth M, Witt J, Dasgupta P (2015) Development

of a standardised training curriculum for robotic surgery: a con-

sensus statement from an international multidisciplinary group of 

experts. BJU Int 116:93–101. https ://doi.org/10.1111/bju.12974 

 37. Collins JW, Dell’Oglio P, Hung AJ, Brook NR (2018) The Impor-

tance of technical and non-technical skills in robotic surgery

training. Eur Urol Focus 4:674–676. https ://doi.org/10.1016/j.

euf.2018.08.018

 38. Al-Jundi W, Wild J, Ritchie J, Daniels S, Robertson E, Beard

J (2016) Assessing the nontechnical skills of surgical trainees:

views of the Theater team. J Surg Edu 73:222–229. https ://doi.

org/10.1016/j.jsurg .2015.10.008

 39. Sheridan C, Bach C, Koupparis A (2014) How to train your sur-

geon! Experience of a patient side assistant. Arab J Urol 12:62–

63. https ://doi.org/10.1016/j.aju.2013.08.015

 40. Kumar R, Hemal AK (2006) The ‘scrubbed surgeon’ in robotic

surgery. World J Urol 24:144–147. https ://doi.org/10.1007/s0034

5-006-0068-0

 41. Ruparel RK, Taylor AS, Patel J, Patel VR, Heckman MG, Rawal

B, Leveillee RJ, Thiel DD (2014) Assessment of virtual reality

robotic simulation performance by urology resident trainees. J

Surg Edu 71:302–308. https ://doi.org/10.1016/j.jsurg .2013.09.009

 42. Xu S, Perez M, Yang K, Perrenot C, Felblinger J, Hubert J (2014)

Determination of the latency effects on surgical performance and 

the acceptable latency levels in telesurgery using the dV-Trainer® 

simulator. Surg Endosc 28:2569–2576. https ://doi.org/10.1007/

s0046 4-014-3504-z

 43. Ragonese M, Di Gianfrancesco L, Bassi P, Sacco E (2019) Psy-

chological aptitude for surgery: the importance of non-technical

skills. Urologia 86:45–51. https ://doi.org/10.1177/03915 60319 

84052 3

 44. Bamford R, Langdon L, Rodd CA, Eastaugh-Waring S, Coulston

JE (2018) Core trainee boot camp, a method for improving

9



technical and non-technical skills of novice surgical train-

ees. A before and after study. Int J Surg 57:60–65. https ://doi.

org/10.1016/j.ijsu.2018.03.083

 45. Trivedi DB (2019) Educational value of surgical multidisciplinary 

team meetings for learning non-technical skills—a pilot survey of 

trainees from two UK Deaneries. J Surg Edu 76:1034–1047. https

://doi.org/10.1016/j.jsurg .2019.02.001

 46. Rashid P, Gianduzzo TRJ (2016) Urology technical and non-tech-

nical skills development: the emerging role of simulation. BJU Int 

117:9–16. https ://doi.org/10.1111/bju.13259 

 47. Gostlow H, Marlow N, Thomas MJW, Hewett PJ, Kiermeier A,

Babidge W, Altree M, Pena G, Maddern G (2017) Non-technical

skills of surgical trainees and experienced surgeons. Br J Surg

104:777–785. https ://doi.org/10.1002/bjs.10493 

 48. Palagonia E, Mazzone E, De Naeyer G, D’Hondt F, Collins J,

Wisz P, Van Leeuwen FWB, Van Der Poel H, Schatteman P,

Mottrie A, Dell’Oglio P (2019) The safety of urologic robotic 

surgery depends on the skills of the surgeon. World J Urol. https 

://doi.org/10.1007/s0034 5-019-02901 -9

 49. Hicks CW, Rosen M, Hobson DB, Ko C, Wick EC (2014) Improv-

ing safety and quality of care with enhanced teamwork through

operating room briefings. JAMA Surg 149:863–868. https ://doi.

org/10.1001/jamas urg.2014.172

 50. Allard J, Bleakley A, Hobbs A, Coombes L (2011) Pre-surgery

briefings and safety climate in the operating theatre. BMJ Qual

Saf 20:711–717. https ://doi.org/10.1136/bmjqs .2009.03267 2

10


	Non-technical skills in robotic surgery and impact on near-miss events:a multi-center study
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Materials and methods
	Statistics

	Results
	Procedure characteristics
	NTSRS score
	Near-miss events
	Relationship between NTSRS scores and number of near-miss events
	Relationship with surgeon’s experience
	Impressions of teams

	Discussion
	Link between NTS and near-miss events
	NTSRS score
	NTS training and bed-side surgeon’s role
	NTS and experience
	Teams impressions
	STAN Institute’s review

	Conclusion
	Acknowledgements 
	References


