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Introduction

The surgical setting is a highly complex environment where 
in ideal conditions everything should be under control to 
ensure a positive outcome. However, the existing complexity 
opens the possibility for multiple failures along the process. 
It is estimated that, in 1984, 41% of all the hospital errors 
occurred in the operating room but only 14% were caused 
by negligent care (1).

Never events

In 2013, Mehtsun et al. (2) published a rigorous investigation 
on US national malpractice claims and found that near 
80,000 never-events occurred in the US-hospitals from 1990 
to 2010. Never events are adverse events that are serious 
and should be largely preventable. This sparse data gives a 
global idea of the magnitude of what patient harm means. 
No matter if the failures had or had not relevant impact on 
the patient, they should not happen. Unsafe procedures have 
very important costs in patient´s disability, loss of personal 
satisfaction, deaths and health care expenses (3). 

However, it must be recognized that never events only 
occur when always needed conditions are absent (4) and 
therefore the focus should move from just trying to ‘fix’ 
the active failures which occur, but to address the ‘latent 
pathogens’ (5) which exist in the system.

Safety as an emerging property of a system

The solution is to provide the knowledge about what to 
focus on, and more importantly, to encourage a global 
change in culture. We need to implement a culture 
whereby the safety of patients and staff is managed as 
part of the same business model that healthcare operates 
under, because safety, realistically, can never be the first 
goal of an organizational all the time if it is to remain 
commercially viable.

Safety culture in the health care system has been defined 
as an integrated pattern of individual and group behaviors, 
based on shared beliefs and values, that continuously seeks 
to minimize patient harm that may result from the process 
of delivering care (6). Establishing a safety culture is one 
of the most effective strategies to achieve sustainable 
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improvement in patient safety (7) and yet is one of the most 
challenging given the huge number of stakeholders within 
the system. One of the reasons for this reticence to change 
is that a Safety Culture cannot be forcefully developed, 
rather it is an emergent property of the organization. 
Compliance can be forced into an organization, but that 
isn’t the same as safety.

Safety management system (SMS)

From other high-risk industries such as nuclear, aviation, 
food management or oil and gas, we have learned that 
information on safety alone is of little use. 

Patient safety needs an organized broad approach 
which is referred to as SMS (8). The aim of a SMS is to 
measure safety indicators constantly (8), review them and 
offer feedback for continual improvement. To achieve 
this goal there should be in place clear policies and 
structural elements (dedicated safety officers, governance 
committees…) that implement a global strategy of safety. 

Some of the elements of a SMS have been present in 
the healthcare community for a long time. Information 
on human performance and safety is not usually an issue. 
Some of the structural elements that allow the collection 
and review of the data are present in most of the surgical 
departments. Mortality and morbidity meetings are 
commonplace but whether they identify systemic issues is 
not clear.

What is still missing is a global focus on safety that is 
fully informed by the advances in other high-risk domains. 
Part of the problem is the absence of strong evidence that 
shows a direct return on investment for human factors 
training and safety culture programs. The large number 
of variables involved in the safe performance of a complex 
system creates a barrier to the possibility of designing and 
running the kind of study needed to provide this evidence 
and unfortunately while this discussion progresses more 
patients will die unnecessarily. Healthcare-based Crew 
Resource Management (CRM) programs which have 
delivered a return of investment have required multiple 
years to deliver their results (9,10). Sometimes it seems 
that creating change in healthcare is difficult, even when 
evidence is provided (11). 

Patient safety and surgery

Notwithstanding the above, it is remarkable that in a very 
short period, the amount of research and knowledge has 

increased exponentially reflecting the great interest in the 
field. In 1990, a PubMed search for “patient safety” yielded 
27 documents, in 2011 more than 1900 documents (12) 
and currently, in 2018, more than 128,000 documents. One 
of the most significant outcomes is that unsafe procedures 
mean low quality performance (13) and this has led to a 
high-level of interest focusing on quality improvements. 

Checklists

A simple measure that had shown a great impact improving 
safety: the introduction in our daily routine of cross check 
controls based on checklists (14,15). The application of 
checklists into highly dynamic and complex environments 
reduces ambiguity and uncertainty by helping create a 
shared mental, forces a ‘slow down’ of the team to reduce 
negative effects of cognitively-biased decisions and improves 
communications leading to more effective teamwork. 
This technique, imported from other high-risk industries 
or activities, summarizes a great effort for readdressing 
individual routine check controls toward a systematic and 
consistent attempt of control involving all the essential 
personnel in the process at the same time (16). However, 
checklists are not a panacea and require informed design and 
the application of non-technical skills to be effective (17). 

Clinical practice guidelines

Furthermore,  another interest ing advance is  the 
development of standardized processes based on evidence-
based data (18). The recognition of the importance of 
agreeing on precise steps for diagnosis and treatment of 
diseases based on data gathered from the most relevant and 
specific populations is another tool that has gained traction 
within our units.

Safety culture

Training, mentoring and coaching to create a culture 
whereby high-performance leads to a safe environment 
for patients and staff is a process that should be considered 
as critical in all programs dedicated to professionals in 
healthcare. Doctors, nurses and, even administrative 
staff of the units, policymakers and regulators all have an 
impact on patient safety and so should be educated. For 
instance, concepts such as never-events, near-miss analysis, 
safety climate, situation awareness, decision making, 
effective communication skills, teamwork and leadership 
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are all essential components of this culture. Safety and the 
associated high-performance skillsets should not be a ‘bolt-
on’, but rather be part of the daily routine. For instance, 
in the surgical settings, especially at the operating room, 
it would be simplistic to say that the ‘human factor’ is 
the leading cause of errors (19) as human performance 
is complex in nature and failures occur up and down the 
organizational system and not just the ‘sharp end’ which 
is where it is often attributed. Consequently, if we want to 
improve patient safety, we need to look at the variability 
of human performance at an individual level, a team level 
and an organizational level and how these all impact the 
patient and not just the performance of the surgeon, unit or 
hospital.

Human error and adverse event analysis

We cannot eradicate human error. Therefore, the main 
aim of any adverse event analysis is to improve future 
error prevention, error trapping and/or error mitigation. 
This is achieved by creating an understanding of ‘the 
how’ and ‘the why’ the event occurred in the manner 
it did. It is not achieved by punishing those involved, 
despite this being a societal and cultural expectation (20). 
Such a retributive approach reduces organizational and 
personal learning leading to the same errors and error 
producing conditions being repeated. Unfortunately, the 
fear of harsh judgment and humiliation, the possibility of 
mistrust and hostile behaviors or job loss, among others, 
makes such data collection and analysis very difficult (21). 
Specific frameworks such as Human Factors Analysis and 
Classification System (HFACS) (22) can help improve the 
scope of investigations by looking at systemic issues in 
a recognized framework, but care should be taken when 
categorizing events as those undertaking the analysis will 
add considerable bias to the process when it comes to 
contributory factors (23). One way around this is a narrative 
process, such as Learning Reviews and Appreciative 
Inquiries, as these have been shown to have a greater impact 
on operational learning than simplistic categorizations (24).

Recognizing the need to spread this knowledge, 
agencies have started educational programs to spread this 
knowledge. The initial idea and development took place at 
the University of Aberdeen in Scotland funded by the Royal 
College of Surgeons of Edinburgh [RCS(Ed)] and NHS 
Education for Scotland. There, the first Non-Technical 
Skills for Surgeons (NOTSS) course was launched. Their 
aims, as described by one of the leaders of the initiative, was 

to develop and test an educational system for assessment 
and training based on observable behavioral skills in the 
intraoperative phase of surgery (25). 

The aim of this paper is providing an initial and global 
overview of what and how must be learned to increase our 
knowledge of these non-technical skills.

Technical skills vs. non-technical skills

The analysis of accidents and near misses in aviation and 
high-risk industries revealed that frequently the failure 
was not linked to a lack of knowledge or experience but 
rather the failure was instead from a group of ‘soft skills’ 
that were initially labelled as “non-technical” to distinguish 
them from those which were ‘technical’ i.e. pure ‘stick and 
rudder’ piloting skills.

The Chartered Institute for Ergonomics and Human 
Factors defines non-technical skills as “The cognitive 
and social skills that contribute to safe and efficient 
task performance” (26). The RCS (Ed) defines them as 
“cognitive and interpersonal skills that include: situational 
awareness, decision making, communication, teamwork and  
leadership” (27). To help improve surgical team´s 
performance, the RCS (Ed) developed and subsequently 
endorsed a behavioral marker scheme that allows observers 
to objectively observe the presence/absence of a skill and 
facilitate feedback. However, Graham et al. (28) have shown 
that this is not easy for observers to learn a behavioral 
markers scheme in a short period of time and provide 
reliable assessments between raters. One topic which 
doesn’t immediately fit into the ‘skills’ concept but comes 
under the banner of human performance is the need to 
understand the impact of ‘performance shaping factors’ on 
both technical and non-technical skills. 

The overall performance of teams and individuals 
correlate with the level of technical skills and non-technical 
skills. Salas and coworkers (29) described this as linking 
taskwork (often associated with individual technical skills) 
with teamwork (combining technical and non-technical 
skills within the boundaries of organizational goals and 
limitations). In the surgical context, the ability, for example, 
to anastomose correctly blood vessels is a technical 
skill. This skill can be practiced in isolation in a training 
facility and a surgeon can become proficient at it. When 
the technical performance is moved into an operating 
theatre, the success of the procedure hinges on the ability 
to perform correctly the anastomosis (technical skill) but 
depends also heavily on situation awareness (gathering 
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of information, understanding of information, ability 
to project and anticipate future states), decision making 
(considering options, selecting and communicating options, 
implementing and reviewing decisions), communication and 
teamwork (exchanging information, establishing a common 
understanding, coordinating team activities), leadership 
(setting and maintaining standards, supporting others, 
coping with pressure) and at the same time being conscious 
of fatigue, time pressures and other issues caused by internal 
and external stressors.

However, while we recognise that technical skills are not 
enough, developing non-technical skills in isolation of others 
e.g., leadership, is not enough either. Both technical and non-
technical are interdependent. As technical skill competence 
improves, then more mental capacity is available to deal with 
other skills such as situational awareness, decision-making, 
teamwork and leadership. Furthermore, without effective 
teamwork and communications, situational awareness within 
and across the teams cannot be improved and without 
improved situational awareness, improved decision-making 
is not possible. Finally, without undertaking candid and open 
post-event debriefs, analyses and learning reviews, the risk 
of patient harm will remain (or increase) because the same 
errors will be repeated.  

What to teach

Situational awareness

Endsley (30) defined situational awareness as “the 
perception of the elements in the environment within a 
volume of time and space, the comprehension of their 
meaning, and the projection of their status in the near 
future.” In simple terms, Situational Awareness is being 
aware of what is happening around you now, what it means 
to you now and what is likely to happen in the near future, 
all based on previous experiences and knowledge.

Our brain has evolved to be able to pay attention to 
a portion of the events that are constantly happening 
around us, events which we perceive to be important and 
relevant at that time. When we focus, our awareness is 
like a spotlight. It shines bright and highlights a small area 
of the surrounding area. For example, during a complex 
procedure, out of the many events and issues that are 
constantly arising, we can pay attention and focus only 
on the task at hand and ignore the apparently irrelevant. 
Unfortunately, that same power also has a dark side because 
activities continue to happen outside the spotlight and 

these can be missed, potentially leading to vital pieces 
of information being omitted from the decision-making 
process. 

‘Loss of situational awareness’ is a term normally used 
to describe this phenomenon and often appears in adverse 
event investigation reports. However, due to the limited 
bandwidth of our perception and information processing 
systems, the ‘awareness’ we have is not ‘lost’ it is just 
pointing in the direction of something which is perceived to 
be more relevant or important, an omission which is obvious 
in hindsight. Wickens (31) describes this cognitive tunneling 
as the “allocation of attention to a particular channel of 
information, diagnostic hypothesis or task goal, for a 
duration that is longer than optimal, given the expected cost 
of neglecting events on other channels, failing to consider 
other hypotheses, or failing to perform other tasks.” For 
example, in 1996 an Eastern Airlines airliner crashed in the 
Florida Everglades at night killing all onboard as the pilots 
and flight engineer were focused on a light-bulb associated 
with the landing gear configuration while the aircraft was 
in a imperceptible shallow dive. Unfortunately, this same 
cognitive limitation led to irreversible brain damage to a 
patient when the two anesthetists who were attempting to 
get an airway lost awareness of the time (32).

Improving situational awareness
While situational awareness can be improved, first there 
needs to be an understanding of how the perceptive 
capability of the senses and brain works. Research from 
Hyman (33) has demonstrated the ability of shared 
awareness to be greater than the individual awareness in 
a cognitively-challenging scenario. However, for this to 
work, effective communication, leadership and teamwork 
is needed. The challenge is that as an individual working 
in a complex environment we usually become aware of our 
cognitive tunneling when we regain situational awareness. 
Strategies to improve situational awareness include honest, 
open and candid debriefs and delegation of ‘oversight tasks’ 
to others within the operating theatre when workload is 
expected to be high using a positive handover in a similar 
manner to pilots handing over control of the aircraft “You 
have control”, “I have control”, “You have control” and 
returned when suitable.

Decision making

Situational awareness and decision-making might be 
thought of as discrete activities but, in reality, there is an 
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overlap. Decision making sits at the heart of achieving good 
outcomes. It can be defined as the process of reaching a 
judgement or choosing an option to meet the needs of a 
given situation (34). It requires an individual or team to 
create or have a mental model of the situation, generate or 
determine one or more options which relate to that model, 
decide on a course of action and then review the outcome. 
This process keeps repeating until the original or emerging 
goals have been achieved.

Some different decision-making models have been 
presented in the research which follow two key processes:

(I)	 Sub-conscious perception, processing and ‘choice’;
(II)	 Logical and discrete steps where the problem, 

options and decisions are made in slow-time.
Ideally, we would like all the elements relevant for the 

decision to be made available ahead of time, for them to be 
known with a high level of certainty, to have enough time 
to assess all the information which allows the formulation 
of numerous options and then choose the best among 
them using some criterion. However, in healthcare, 
professionals are frequently in situations where not all 
the relevant elements are known, the time available is 
short and therefore recognizing relevant and important  
elements using a highly-developed level of situational 
awareness is key.

Decisions are based on mental models, some have real 
clarity, some are incomplete and require interpretation and 
updates based on current data and information. Healthcare 
professionals can improve those models over time through 
training and practicing the identification of antecedents, 
signs and symptoms, creating probable solutions and 
communicating them to the team. The real-life feedback 
(successes and failures), combined with coaching and 
mentoring, helps refine the mental models that gradually, 
with time, tend to become more and more complex because 
experience and seniority increases the likelihood of having 
to deal with more difficult cases.

As an example, the mental model of a bleeding in theatre 
differs significantly between a trainee and an expert surgeon. 
The mental model of a junior trainee would include the 
ability to recognize a major bleeding (awareness) and most 
likely the automatic response of apply pressure and call for 
help. The mental model of an expert surgeon would include 
the ability to appreciate several nuances about the source 
of bleeding, and the appropriate response apply pressure, 
use of hemostatic products, need for proximal clamping, 
suturing…) based on the mechanism of injury (avulsion of 
artery, proximal laceration, distal laceration, division…) The 

expert surgeon’s mental model will also include, depending 
on the severity of the bleeding, a number of additional 
actions like: activating blood bank, gathering additional 
equipment. Klein et al. (35) showed that experts were able 
to identify key elements more quickly and subsequently 
made better, faster decisions. Novices often waited until 
they had a surplus of elements before deciding, and in some 
cases, this was too late.

Flin et al. (34) describe 4 principal methods for decision-
making:

(I)	 Intuitive (recognition-primed);
(II)	 Rule based;
(III)	 Choice among different options;
(IV)	 Creative.
Each of these methods focuses on different ways to 

perceive, decode and determine possible solutions for the 
current situation. However, what they have in common is 
that they all require a level of previous experience, including 
failures, for the models to be useful.

Improving decision-making 
Determining what the best method of decision-making 
can be difficult. One way to improve this is to develop an 
understanding and practice of the Cynefin framework (36).  
The framework looks at four dimensions; simple, 
complicated, complex and chaotic and the way in which 
information is derived and then decisions are made based on 
the element in which the problem sits (Figure 1). However, 
van Beurden et al. (38) caution against using this as a simple 
2×2 matrix in a reductionist manner, rather it should be 
used in a way of understanding the situation to develop 
information gathering and decision-making strategies, 
especially as problems move from one element to another as 
time progresses. 

One of the continual challenges faced by the medical 
profession is that there is a difference between practicing 
decision-making in a classroom/exam setting and real-life 
decision-making which takes place in the clinical setting. 
As expected, the performance of individuals and teams is 
likely to be significantly different in the two contexts. For a 
long-time, the missing link has been the ability to develop 
in an environment which allow to learn from failures 
without causing patient harm. Aviation has managed this 
conundrum for some time using simulators which range 
from procedural trainers through to high-fidelity mission 
simulators. The healthcare world is catching up and during 
the last decade or so, the use of simulators in healthcare 
simulation centers has increased. This has facilitated the 
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joint training of teams around clinical scenarios and the 
simultaneous development of individuals and teams with 
regards to different aspects of technical and non-technical 
skills. However, the real power of simulation isn’t in the task 
execution, but in the debrief, a process which needs to look 
at both technical and non-technical skills.

Communication

Communication is the exchange of information among 
different members of a team or among different areas of 
a business. It includes technical information but also the 
sharing of feelings and emotions. Effective communication 
is not just exchanging information but also ensuring the 
meaning behind message is clearly transferred without 
ambiguity.

The efficiency and safety of any healthcare setting is closely 
linked to the efficacy of the internal communication (34). 
Failure in communication is considered an important factor 
in poor outcomes and near misses in healthcare setting. For 
instance, a communication breakdown was responsible for 
24% of the errors in a study published by Rogers et al. (39). 
Communication failures are also frequently the cause of 
near misses (40).

Sometimes it is easier to identify the barriers to effective 
communication (34) and to assume that in absence of 
barriers, communication can happen effectively.

However, communication does not happen when:
(I)	 The channel of communication does not exist/work 

or is not used;
(II)	 The channel exists but the important information 

is not transmitted;
(III)	 The channel exists, the information is transmitted 

but is misinterpreted by the recipient. 

Improving communication
It is possible to improve the quality of communication 
focusing on the culture of the workplace and on the specific 
skills of the individuals. The individual feedback provided by 
communication experts after observations and assessments at 
the work place or during simulation can also be useful (41). 

In addition to the training of healthcare professionals, the 
use of a structured way of conveying information helps both 
the sender and the receiver in the communication process. 
As examples, the use of checklists, structured handovers and 
team briefings all help to improve the quality and reduce 
the loss of relevant information during the communication 
process.

Figure 1 The Cynefin Framework, adapted from Snowden (37). Tetrahedrons show the most appropriate management model. (Apex circle, 
manager. Base circles, other staff/stakeholders. Solid line, strong connection. Dashed line, weak connection). The central domain of ‘disorder’ 
is shown in black (38).
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Several communication models (Figure 2) have been 
identified based not-only on the use of verbal language 
and technical content but also on individual preferences 
toward certain types of information and non-verbal  
communication (42). Based on these elements, different 
strategies for team performance improvement have been 
developed (42).

Teamworking

Teams are important in healthcare because of the 
complicated and complex nature of diagnosis, treatment and 
recovery. It would be impossible to deliver the care needed 
without teams. However, teams are not simply a group of 
people working together, they are a group of two or more 
people that cooperate and collaborate in the pursuit of a 
common goal through effective communications, shared 
mental models, authentic leadership and a high level  
of trust.

The performance of a team does not just correlate 
with the technical skills of the individuals who are in the 
team, but also the effective application of non-technical 

skills which play an even more important role. Situation 
awareness of a team is not just the simple sum of the situation 
awareness of the individuals but the portion of the sum of 
awareness that is shared at every single moment in time. 
The decision-making process from the identification of the 
situation to the execution of the decision requires additional 
skills that include ability to lead, to coordinate, to follow…

The team we are part of are only a small number of 
the teams a patient sees during his/her treatment because, 
patient care in the 21st century, is delivered by experts of 
multiple disciplines with different cultures. A thoracic 
patient, for example, will see during the perioperative 
period respiratory physicians, surgeons, oncologists, 
nur se s  (w i th  d i f f e rent  ro le s ) ,  phys io therap i s t s , 
psychologists and many more. Consequently, there is 
a need to ensure that the information and knowledge 
pertaining to that patient is passed within and between 
the teams providing the care.

Elements that are important to the good functioning of a 
team includes the ability and willingness to support others, 
to solve conflict, to exchange relevant information and the 
coordination of activities.

Figure 2 Simplified models of one-way and two-way communications.
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How to teach, how to learn

When introducing a new topic or concept into a domain, 
there is always a challenge in identifying what should 
be taught. Training needs analysis would normally be 
produced to determine the needs for each individual and 
team in the organization. However, when considering 
non-technical skills training for surgeons, there is already a 
significant body of evidence which describes the topics and 
how they should be taught so the wheel should not need re-
inventing. Whatever training program is delivered requires 
the framework of attitudes, knowledge and skills to be  
considered (43). The correct attitude towards the application 
and benefit of non-technical skills in the surgical environment 
is essential. This could be a significant challenge given previous 
experiences in adopting evidence-based programs (44).  
The next requirement is to build a solid foundation of 
knowledge before real practical skills development occurs. 

A foundational package should develop a common 
vocabulary so that basic concepts are understood, and the 
culture of the ‘tribe’ is developed. This package can be 
delivered in a relatively didactic manner with student/staff 
engagement exploring knowledge boundaries using case 
studies and real-world examples. Knowledge reviews and 
assessments can provide a check of understanding.

There are two parts to the skills development process. 
The first part specifically focuses on non-technical skill 
development, but care must be taken to ensure that this 
learning is not ‘contaminated’ by focusing on technical 
skill development. Using training aids and specific non-
technical skills simulators such as GemaSim (45) have been 
shown as effective ways of facilitating this. The second 
part is to develop these non-technical skills in a relevant 
healthcare environment which allows representative 
challenges, pressures and drivers to be explored. Targeted 
objectives, potentially identified through competency-based 
assessments, could also be introduced at this stage. The 
relevance of this training to the surgical environment must 
be ensured through reference to case studies and faculty 
delivered and facilitated narratives.

The first courses written to specifically teach non-
technical skills were designed in aviation for pilots and crew 
members. For this reason, some healthcare courses use the 
acronym of CRM. In healthcare, the RCS (Ed) and RCA 
have developed and endorsed taxonomies and behavior 
rating system called NOTSS and anaesthetists non-
technical skills (ANTS) respectively to help develop skills in 
teams and individuals. 

Based on the NOTSS and ANTS frameworks, the 
European Society of Thoracic Surgeons (ESTS) has 
identified a gap in the level of knowledge among European 
thoracic surgeons regarding non-technical skills. Therefore, 
ESTS has developed a course for surgeons that aims to 
provide a foundational level of knowledge concerning 
non-technical skills. The first course was run in 2017 and 
delivered with a series of monthly interactive webinars. 
The online environment offers the possibility to deliver 
information-based training and demonstration-based 
training. Ideally, once learned the basics of non-technical 
skills it would be ideal to move them into practice-based 
training that include simulation and role play.

Conclusions

A significant number of patients are injured every year 
while accessing medical and surgical care. This is similar to 
the situation of other high-risk industries at the end of the 
last century. The investigation of incidents in healthcare, as 
in other high-risk industries, has highlighted that, in many 
cases, they were not due to a lack of technical skills among 
professionals but to the complexity of the system and a 
number of failures in non-technical skills.

It is not easy to evaluate the results of teaching non-
technical skills per se, but the authors believe it is possible 
to measure the increase of safety in the system after its 
implementation. To start the change, several elements 
must be recognized as mandatory like the recognition 
of the limits of the humans involved in healthcare, the 
optimization of their non-technical skills and the design of 
cultural, organizational and physical environments that are 
safe for patients and healthcare professionals.
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