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Introduction

Robotic-assisted thoracic surgery (RATS) is a new platform 
to perform minimally invasive surgery. This innovative 
tool has been developed to overcome surgical difficulties 
in video-assisted thoracic surgery (VATS) for major lung 
resection and advanced cases. Advantages as 3D vision, 
wrist instruments, ergonomics and precision are well 
known (Dylewski et al.) (1). However RATS, as VATS, 
presents some operative risks with rare but catastrophic 
adverse events, including vascular tear leading to potential 
uncontrolled hemorrhage (2,3).

Because the operative surgeon works on a console located 
outside the operating field, RATS has radically modified 
teamwork and inter-professional communication (4).  
This may create a specific safety risk, which should be 
given special consideration. Cerfolio et al. (3) described the 
management of vascular complications during a robotic 
procedure using the 4P concept (Poise, Pressure, Prepare, 
Proximal control). However, this concept may be difficult to 
apply in a crisis situation such as a major vascular tear, not 
only for the console surgeon but also for the entire team. 
The stress level experienced by the surgeon is even higher 
than in VATS. Training in this process has become essential 
and should be addressed. 

The use of checklists and simulation-based training have 

been demonstrated to improve the management of major crisis 
in the operating room and to decrease perioperative mortality 
(5,6). Models of training have evolved from lifelike manikins 
to an entire range of systems, from synthetic models to high-
fidelity simulation suites. These models can be adapted to new 
technologies and used to train an entire surgical team.

To improve safety in RATS we have to follow a complete 
process with checklists and crisis checklists and also acquire 
a perfect knowledge of human factors (5,6). To set this 
“safety and performance package” we have to learn and 
train with the entire team (7-9). Team simulation and crisis 
resource management (CRM) are innovative pedagogical 
tools but also represent a valuable evaluation method (8-11).  
Simulation has been described to enhance the skills of 
surgical teams (12).

Repetitive training sessions using high-fidelity simulation 
models have been advocated as a promising method for 
building teamwork skills because they mimic low-frequency, 
high-risk events in a safe, learner-friendly but stressful 
environment (13). Recently, training sessions using a 
scenario of airway obstruction were demonstrated to be 
effective in differentiating non-technical skills (NOTECHS) 
between thoracic surgery learners and experts (14). 

In our center, we have developed a pilot simulation 
program in major lung resection to manage situations of 
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crisis and stress. This program began in 2014 with VATS 
and switched to RATS in 2015. The objective was to train 
the entire multidisciplinary and interprofessional perioperative 
team in the management of life-threatening crisis in the 
operating room. The aim of this paper is to describe the 
implementation of this program adapted to new technologies 
and using high-fidelity crisis models. Based on the experience 
gained, we show the feasibility of implementing simulation-
based training in robotic thoracic surgery; we suggest 
improvements which integrate human factors knowledge 
to enhance team performance using training checklists and 
focusing on NOTECHS and stress coping strategies.

Methods

We have followed the guidelines and best practices of 
simulation (15) and have integrated all the different 
concepts to improve team effectiveness (training, checklists, 
human factors awareness, organizational design, stress 
awareness), presented in a recent review (16).

Preparation 

Expert trainers attended “train-the-trainer” courses to 

improve the quality of the simulation program. These 
trainers were surgeons, anesthesiologists, nurse managers, 
human factors consultants and psychologists.

One of us (JMB) wrote the scenarios and built 
the program. Scenarios, objectives (technical skills, 
NOTECHS, stress management) and safety processes used 
for simulation were written after surgical morbidity and 
mortality conferences and root cause analysis (RCA), in 
accordance with simulation guidelines (post-hoc simulation 
of adverse events) (17). 

Checklists adapted to RATS and emergency checklists 
adapted to major bleeding were used (Code Red, Figure 1).  
Non-technical aspects (leadership, decision-making, 
situational awareness, communication, cooperation, 
stress, and fatigue management) were a major focus of this 
program, because of their well-known impact on technical 
aspects (18,19). 

Information was given in lectures by the expert surgeon, 
anesthesiologist, psychologist, and human factors consultant 
to emphasize the role of cognitive aids (i.e., checklists) and 
to highlight the importance of NOTECHS in surgery and 
stress awareness (18,19). In addition to making checklists 
accessible, all operating room staff that might be part of the 
team during a crisis were familiarized with their use.

Figure 1 Emergency checklist: “Code Red”. CRM, crisis resource management; RATS, robotic-assisted thoracic surgery.

Code Red (emergency Check-list)

Our own crisis check-list for major bleeding during lung resection

(Leadership) (Situational awareness)

Surgical objectives: 4Ps*

Planning

Clamp/Compress

Calmness and poise

Proximal control if needed

Paramedics

Call for help

*Cerfolio RJ, Bess KM, Wei B, Minnich DJ. Incidence, Results, and Our 
Current Intraoperative Technique to Control Major Vascular Injuries During 

Minimally Invasive Robotic Thoracic Surgery. Ann Thorac Surg. 2016

Anesthesia Team

Call for help

Hemorragic shock management

Defibrillator AVAILABLECardiac arrest is not death: Massage and 

defibrillation after controlling the PA injury

Controlling the vessel injury without 

worsening the situation:

Call for help and clearly describe the accident to the team
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Logistics

The logistics used were high-fidelity patient simulator 
(Manikin SimMan3G, Leardal) ,  operating room, 
robotic platform, camera for webcasting, technician for 
broadcasting, and a briefing and debriefing room (Figure 2).

Clinical scenarios

A hybrid model was most often used to reach a medium to 
high-fidelity model of controlled-uncontrolled bleeding 
during minimally invasive thoracic surgery (VATS and 
RATS) (Figure 3). Simulation was documented with 
actual scenarios of bleeding recorded in our VATS-
RATS operating room and more recently in the robotic 
suite. Different videos of controlled or uncontrolled 
bleeding during major lung resections were broadcast on 
the operating room screen to increase the fidelity of the 
scenarios and to raise the level of stress (Videos 1,2).

Another extremely stressful scenario was occasionally 

used: contralateral compressive pneumothorax with acute 
oxygen desaturation.

Participants

All members of an academic surgical team were invited to 
participate: surgeons, surgery fellows, surgery residents, 
medical students, anesthesiologists, anesthesiology fellows, 
anesthesiology residents, operating room nurses, nurse 
anesthetists, and operating room technicians; this was a 
multidisciplinary and interprofessional team (Figure 2). All 
these team members were recruited on a voluntary basis. 
Trained and novice staff were always pooled so we could use 
simulation as a training exercise as well as for evaluation. 
Sessions were always planned at the end of the 6-month 
rotation of residents (April and October). 

Simulation (Figure 3)

In this simulation-based exercise, the facilitator (a senior 

Figure 2 Organization of team simulation: briefing, scenario, debriefing.

Briefing

Surgeon,
consultant in human factors,
anesthésist

Surgeon,
consultant,
anesthésist

Surgeon,
consultant,
anesthésist,
paramedics
NOTTS*

SCENARIO

Complex logistic

Technologies                                              Play scenario                                         Video-conference

Since 2014, 1 session per semester

*: NOTTS: Mishra A, Catchpole K, McCulloch P. The Oxford NOTECHS System: reliability 
and validity of a tool for measuring teamwork behaviour in the operating theatre. Qual Saf 
Health Care 2009;18:104-8

We have built a simulation program with clear objectives

Debriefing
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surgeon of the team) initiated the scenario and called for the 
sudden occurrence of a catastrophic and unexpected vessel 
tear. The senior surgeon could interrupt the teamwork 
to increase the stress level within the team. The console 
surgeon performing simulation (i.e., playing the main 
character) had to describe her/his plan and launch Code 
Red. During the simulated crisis, she/he had to focus on 
human factors and to describe the operative field, ensuring 
good situational awareness, good communication, good 
teamwork and stress management.

The anesthesiology team was tested for its ability to use 
recommended protocols in the framework of uncontrolled 
bleeding, such as the management of hemorrhagic shock with 
ventricular fibrillation and cardiac arrest. The anesthesiology 
team was also evaluated on its ability to maintain good 
communication and cooperation with the surgical team. 

Debriefing 

Each simulation session was followed by a debriefing 
session consisting in an individual and global analysis 
based on the self-assessment of each participant and on the 
comments made by independent observers, as proposed 
by Li et al. (20). Debriefing was conducted according to 3 
phases—description, analysis, and application—as proposed 
by Jaye et al. (21). Two major questions were added at the 

end of each debrief: ‘Did you gain new knowledge, skills or 
insights today?’ and ‘how confident do you feel that you will 
be able to apply what you learnt today in the future?’

Special consideration, highlighted by videos, was given 
to human factors within the surgical team: leadership, 
situational awareness, decision-making, cooperation, 
communication, stress management, and use of cognitive 
aids (pre-op and emergency checklists).

Evaluation

The simulation was evaluated in the short and long term. The 
short-term evaluation was done during the debriefing session; 
the long-term evaluation was done using the techniques of 
aviation security by an independent audit, which specifically 
evaluated human factors (Stan Institute, Nancy, France). The 
objectives of audits were to check our safety process (planning, 
checklist, human factors) and effectiveness (number of cases 
done, quality of life at work). The video was used to emphasize 
certain behaviors (cf. Audit French comment; global 
organization of a session in 2015). 

Results

A video showing simulation sessions is accessible on CTS 
net platform (22). 

Figure 3 Scenario: operating room, high-fidelity model, facilitator, surgeon, assistant, nurses, robotic platform, camera for webcasting. 
VATS, video-assisted thoracic surgery; RATS, robotic-assisted thoracic surgery.

Technology Actor’s studio

Mock surgeon

Complete Team

Webconference to

outside for the

students-Debriefing

VATS Session

High fidelity simulation

SCENARIO

Cf Video 1 et 2

RATS Session

No procedural 

simulator yet

Video of bleeding

HF mannequin
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Organization (Table 1)

First period: 2014–2016 (Video 3)
During this period, we built and designed the program 
and improved the scenarios and logistical issues. Sound 
broadcasting was the most difficult point to solve. It is very 
important to have a good quality of sound to evaluate the 
scenarios and NOTECHS, which is essential for good 
debriefing. Two sessions were necessary to achieve a better 
organization of simulation-based exercises and better-
structured debriefing. The implementation of this program 
prompted our center to provide logistical support.

Second period: 2016–2019 (Video 4)
Simulation sessions were organized every 6 months based 
on scenarios of controlled and uncontrolled bleeding during 
a robotic procedure (Videos 1,2). The bleeding scenario of 
the last simulation procedure was modified, with initial 
control of bleeding followed by a second tear during repair 
(Video 5). This is a classic event in thoracic surgery: a 
technical problem to repair a complex pulmonary tear and 
the risk of worsening the pulmonary artery tear.

Crisis level of fidelity 

Based on RCA, the various technical and non-technical 
weaknesses during uncontrolled bleeding were recorded, 
analyzed and debriefed. This in situ hybrid simulation 
involving the entire surgical team, based on technical 
objectives using a high fidelity manikin and non-technical 

objectives, was considered effective by all participants to 
develop a high level of stress and to apply stress coping 
strategies. During all debriefings, participants described 
their stress and confirmed that coping with stress requires 
the development of a 2-level specific strategy. The first level 
was based on cognitive aids such as the use of emergency 
checklists (Code Red) involving supportive friends (surgeon, 
anesthesiologist and nurse). The second level was based 
on good teamwork with positive and clear communication, 
good timing of decision-making with clear description 
and explanation of the situation (situational awareness, 
anticipation). Critical points such as shouting, paradoxical 
injunction, bad decision-making, bad situational awareness, 
and the fast spread of stress to other members of the team 
were highlighted.

Results of audits (Table 1)

Auditing of each session by an independent audit company 
using the techniques of aviation security was an original 
initiative, which was beneficial in terms of identifying the 
problems and improvements to be made. During the period 
2014–2019, audits identified clear improvements especially 
in non-technical fields. Calm, poise, and perfect adherence to 
safety processes were achieved even when dealing with major 
crises such as uncontrolled bleeding leading to cardiac arrest. 
In addition, successive audits noted the team’s commitment 
to the entire program (briefing, simulation, debriefing), the 
consistent use of checklists, and adherence to the principle of 
robotic surgery and emergency conversion protocol.

Table 1 Implementation over the time of our simulation training (2 sessions per year)

Year VATS CRMis RATS CRMis
RATS

CRMmtc
Teams trained per 

sessions
Scenarios Simulation debriefing Clinical audit

2014 X 1 U.B Not structured

2015 X 2 U.B/C.P Structured X

2016 X 2 U.B Structured with 
NOTECHS evaluation

2017 X 1 U.B NOTECHS

2018 X 1 U.B NOTECHS

2019 X C.B NOTECHS X

X, done; RATS, robotic-assisted thoracic surgery; CRMis, in situ crisis resource management; CRMmts, crisis resource management in 
our Medical Training Center with a robotic platform Si (Intuitive); U.B, uncontrolled bleeding; C.B, controlled bleeding; C.P, compressive 
pneumothorax; Debriefing, Global Team effectiveness, Checklists audit, NOTECHS evaluations with the NOTECHS scale; Clinical audit, 
external audit by human factors consultants focused on NOTECHS and team performance.



S31Journal of Thoracic Disease, Vol 13, Suppl 1 August 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(Suppl 1):S26-S34 | http://dx.doi.org/10.21037/jtd-2020-epts-03

Discussion

The use of safety checklists in surgery has been demonstrated 
to reduce perioperative morbidity and mortality (5,6). 
In simulation-based trials these checklists have been 
shown to improve the management of major crisis in 
the operating room (6,15). These concepts are intended 
for the entire team working in the operating room. The 
question now is the implementation at hospital level. 
Ultimately, the question also arises of introduction in 
continuing education and accreditation programs (8).  
Hence, team training and CRM will likely become 
mandatory in the modern surgical curriculum even though 
its spread worldwide will take many years (8). 

The concept of debriefing should be extended to the real 
surgical arena with improvement in team effectiveness and 
patient safety (19). Currently, this debriefing time is less 
developed than the time-out despite its integration in the 
WHO checklist. Debriefing allows for the identification of 
failures, near miss events, and successes, and provides an 
experiential learning modality. Debriefing has been shown 
to aid in reducing communication difficulties, which have 
been deemed the primary cause of human error in the 
surgical setting (23).

There is  much l iterature on NOTECHS, team 
training and simulation with different programs (in situ 
simulation, training centers, different scenarios, different 
evaluations, low-high fidelity models, etc.) but worldwide 
implementation is not achieved (8,24). Many reasons may 
explain this situation. Despite the fact that publications 
have shown improvement in team effectiveness, increased 
awareness of NOTECHS in surgeons, the use of team 
simulation is complex due to logistic issues and poor 
awareness of teamwork evaluation. It takes time to 
understand the different components of human factors 
(leadership, communication, teamwork, situational 
awareness) and the different scales used (NOTECHS scale, 
SAQ, ORMAQ) (20). We need to have dedicated specialists 
to evaluate teamwork properly. The non-technical science 
is not yet widespread, and this could explain the lack of 
adherence to team training programs and CRM in surgery. 
Another important point is the complexity of launching 
such costly programs, which is often time consuming.

In our opinion, the feasibility of this program is 
dependent on the ability of the facilitator surgeon 
to understand perfectly the objectives, master the 
human factors, and then adapt her/his playrole to the 
multidisciplinary team. Experience will make the difference. 
The most important point is to start the program with an 

open mind. We all know that error is human. The process 
of learning together with good feedback is fundamental. 
The objective of this program is to raise awareness of 
human factors and their impact on a team, on patient safety 
and on team effectiveness. 

Simulation is likely one of the most impactful means 
to train teams in the appropriate use of the manuals, 
particularly when combined with other lower-cost methods 
to increase exposure. Yet, we believe it is fairly clear that, for 
cognitive aids to have their intended effect, team-training 
efforts are necessary in conjunction with broad clinical 
implementation efforts so that the concept penetrates 
deeply into the culture. For emergency manuals to be 
effective tools, they must be easily usable and contain the 
key content that is at the greatest risk of being missed.

Our crisis risk management program uses simulation and 
attempts to reproduce a rare and life-threatening event such 
as uncontrolled bleeding in RATS. This event is a true crisis 
for a surgical team with potential dysfunction and stress 
within the team. The major risk is the death of the patient, 
which is “unacceptable” in modern thoracic surgery mainly 
involving early lung cancer.

The level of stress induced by simulation models on the 
operative team depends on the facilitator surgeon who must 
have experience of catastrophic events during VATS and 
RATS major lung resection and who simulates “the crisis”. 
Similarly, the quality of debriefing must take into account 
the experience of the facilitator who must have a clear 
vision of the objectives and be aware of the classic errors 
during a surgical crisis, e.g., blaming the nurse, paradoxical 
injunctions. Stress is widespread and should be instructed 
using different supports. We believe that our model could 
be assimilated with Stress Exposure Training (25-28).

Our hybrid scenario was a blend of mainly NOTECHS 
for  the  ent i re  team and technica l  sk i l l s  for  the 
anesthesiologist (high-fidelity manikin with the management 
of hemorrhagic shock). The realism of the scenario depends 
on the console surgeon who must describe and explain 
the different steps of the crisis in real time. The team 
should adapt to the situation by adhering to the process 
(emergency checklist) and focusing on human factors: good 
situational awareness, good decision-making with clear, 
objective and safe communication with the entire team and 
with good cooperation. Our virtual scenario succeeded in 
increasing the level of stress and was representative of a 
real catastrophic event. This scenario could be improved 
by adding a technical task for the surgeon as this has been 
shown to have a positive effect on non-technical aspects (29). 
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The main problem is the logistic issue and the cost of such 
a model. For our educational objectives we do not need to use 
a more complex model such as a perfused cadaver model (30).

Based on the simulation program and regular feedback, 
the safety process for robotic surgery was a complete 
process with cognitive aids and human factors enhancement 
(Figure 4). Team training and our simulation program have 
enabled us to establish an environment of confidence in 
our team. Attitudes have changed and regular feedback 
is considered beneficial to improve the quality and safety 
of our work. Confidence is difficult to measure but is the 
corner stone of effective teamwork. Stress can be measured 
by monitoring heart rate (26). This technique is interesting 
for research but not applicable in real life. Self-evaluation 
occurs progressively with experience and strategies to lower 
stress should be tested during simulation (27).

Crisis simulation also implies stress training. The 
primary purpose of stress exposure training is to prepare an 
individual to perform effectively in a stress environment. 
In broad terms, there are three overall goals of stress 
training: (I) gain knowledge and familiarity with the stress 
environment, (II) maintain effective performance under 
stress, and (III) build performance confidence (25-28). 
Simulation sessions provided enough stress to impact 
teamwork, especially for novice trainees such as nurses 
and young residents. Training is also an opportunity to 

highlight the mechanism of stress in a team and the fast 
spread to different team members. This emotive aspect 
is known to create a learning experience and enhance 
retention (25-28). This also enabled us to acknowledge our 
reaction to stress and to try to manage it properly by simple 
actions as breathing to calm down and refocusing on simple 
communication. Containing stress is clearly the “mission” 
of surgical team leaders (surgeons, anesthesiologists) who 
must train to cope with their own stress. This takes time 
but is a major issue because surgeons and anesthesiologists 
must be aware of their behavior (e.g., tachycardia, tremor, 
sweating, wavering) when facing a stressful situation. This 
simulation program helped us to focus on stress control. 

In our opinion, the first line and the most important 
aspect in a crisis situation such as uncontrolled bleeding, is 
to share and find support; calling a friend or for assistance 
to support a surgeon under stress is the key message to the 
entire surgery team. That is why in our program when a 
crisis occurs it is mandatory to call a friend (6). 

Our sessions were conducted every 6 months with good 
support from our team and novice colleagues (surgery 
residents, young operating room nurses, anesthesiology 
residents) regarding human factor concepts, the use of 
checklists and compliance with the entire safety process. 
Successive audits have shown that team attitudes have 
completely changed over time with full adherence to VATS 

Figure 4 Our safety design: a comprehensive approach of robotic safety.

Complete RATS Safety Design: (Le cercle Vertueux)

RATS Training (Technical skills)

SIMULATION +++

Team Training and CRM** 

(Non Technical Part)

Surgical Plannification

Surgical Safety Process

Complete Curriculum: Device Training, Observership, Proctoring, Step by Step Surgical Indication, (Recertification)

Focus on Human factors ++

Stress management

Team Effectiveness: 1 or 2 per year

Pre-op programation*

3D reconstruction if needed for lung resection

Segmentectomy+++

Briefing: WHO checklist specific to RATS

Operative Plannification*

Code Red: Emergency checklist-Friend+++

Debriefing
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and RATS checklists and protocols. During the study period 
we had one case of ventricular fibrillation at the beginning 
of a VATS case due to a probable cardiac event with  
45 minutes of cardiac massage, ECMO support and successful 
resuscitation. This patient is still alive likely due to our safety 
process using the emergency checklist (Code Red) and very 
effective teamwork. This case report is currently under review 
and describes the importance of this program (31).

This simulation program could be easily exported 
to different centers. We have trained national and 
international teams for many years now. Some of our ex-
trainees have reproduced this program in their center with 
good adherence from their local team, especially when they 
started their own robotic program (Caroline Rivera, MD, 
personal communication, French Society of Thoracic and 
Cardio-vascular, Rennes, France, 2019).

Conclusions

Simulation-based crisis training using models of catastrophic 
events in minimally invasive thoracic surgery should be part 
of all VATS and RATS programs to foster patient safety and 
team performance. The implementation of such a training 
program in our center received positive feedback from 
team members. This experience can be reproduced but 
requires the full commitment of medical and paramedical 
staff, and organizational and financial support from hospital 
management. We suggest that team training and CRM 
should be integrated into a lifelong learning program and 
could be used for certification in the future.
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