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Abstract: The human factor and its 
performance limitations are the main points 
attributed to the magnitude of adverse events 
that we face in the health system today. This 
situation was experienced by aviation in past 
decades when, through the identification 
of the need to train professionals in non-
technical skills, they began a successful 
trajectory towards safer aviation, then 
training in crew resource management 
(CRM) was born. In this article we aim to 
make an analogy between the two sectors 
(health and aviation), learn from points 
already achieved by aviation, understand 
what the literature in the sector brings us 
about the current scenario of CRM training 
in the health area and, from these reflections, 
to propose an agenda for the incorporation of 
CRM in the training of professionals directly 
or indirectly involved in the care of patients.
Keywords: Safety, crew resource management, 
training, error, adverse event

INTRODUCTION
The number of deaths resulting from 

errors in the health system in the United 
States is estimated at 98,000 per year(1), 
being more prevalent than deaths resulting 
from automobile accidents (43,458), breast 
cancer (42,297) and AIDS (16,516)( two). 
These deaths are equivalent to approximately 
6 to 13% of adverse events, which occur 
in approximately 2.9 to 3.7% of hospital 
admissions(3).

In addition to the human impact of the 
aforementioned numbers, there is also a 
financial issue, an estimated cost with adverse 
events between 37 and 50 billion US dollars 
per year(4), another non-measurable cost 
is the impact of such errors on trust in the 
health system and the reduced satisfaction 
by both the user and the health professionals 
who work there.

Such data represent just the tip of an 

iceberg, since hospitalized patients represent a 
small portion of the population served by the 
health system, which also consists of clinics, 
outpatient clinics, day hospitals and home 
care.

The human factor has been recognized 
as one of the main sources of error since the 
publication, in 1999, of “To Err is Human”(5) 
by the Institute of Medicine (IOM), a 
publication that broke a cycle of silence on 
the subject. and sought to rescue Hippocrates’ 
maxim “first do no harm”(6).

A human factor is understood as 
the individual’s relationship with the 
environment, organization, technology and 
self-management, relationships that affect 
operational safety.

In this review, our focus is to show how 
crew resource management (CRM) training, 
initially designed for aviation, and then 
migrated to areas such as health, can help 
improve the scenario described above.

CRM HISTORY
The risk of dying in a domestic air 

accident between 1967 and 1976 was 1 in 2 
million, around the 1990s, the risk dropped 
to 1 in 8 million(7), such an improvement 
is attributed, among other factors, to the 
creation of regulatory agencies with a focus 
on operational safety.

The emergence of CRM, in 1979, arises 
from one of these agencies, when the National 
Aeronautics and Space Administration 
(NASA) studied the root causes of the main 
air accidents, identifying communication, 
decision-making process and leadership as 
the main characteristics to be improved in 
events(8).

This finding by NASA breaks a paradigm, 
in force until then, that investment in technical 
skills and technology must be the main 
focus for reducing air accidents. The study 
culminated with the publication of an article 
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by John K. Lauber bringing the management 
of cockpit resources in flights as the target 
of training for airlines at the time, a role of 
CRM restricted to a small part of a complex 
operation that is transport people by air.

Salas et al define CRM as a set of strategies 
designed to improve teamwork through 
training, with the purpose of avoiding errors, 
identifying threats to the system and mitigating 
damages resulting from errors(9). Thus, the 
application of CRM began to make sense 
not only to pilots but to everyone involved 
in the operation described above, such as 
flight attendants, mechanics, maintenance 
personnel, ramp, operational dispatchers, top 
management and administrative personnel.

CRM, therefore, began as a tool to 
modulate the relationship between captain 
and co-pilot and was extended to a whole 
group of professionals involved in a mission 
that demands maximum attention to safety, 
affecting the entire routine of several areas 
of airlines, promoting greater understanding 
between different professional cultures and 
expanding the concept of crew resource 
management to corporate resource 
management. Regarding the safety issue, it is 
needless to say that this is also present in the 
health area.

PATIENT SAFETY AND THE 
HUMAN FACTOR

Patient safety is an essential part of the 
quality of care, being defined as “freedom 
from accidental damage”. Achieving a safe 
environment depends on organizational 
commitment, processes, a culture of 
continuous learning and, often, a desire for 
change.

As explained in the introduction to this 
review, most harm or adverse events are due 
to errors, defined as “the failure of an action 
to go as planned or the use of a wrong plan 
to achieve an objective” (10), these errors. 

most of them are attributed to the so-called 
human factor, as demonstrated by Cooper 
et al through analysis of data in anesthesia, 
where 82% of preventable events were related 
to the human factor(11).

The human being, in any activity, is liable 
to make mistakes and deny this reality and not 
developing systems that mitigate this fact is to 
expect that damage to patients will continue 
to occur.

In view of the aforementioned fact, we 
know that human beings can make mistakes 
for a variety of reasons, such as fatigue, 
communication skills, leadership, degree of 
interaction with the environment, anxiety, 
fatigue, decision-making process, cultural 
background and professional training.

Some experts, such as Deming, believe 
that process improvement is the only way to 
improve quality(12), so the focus must shift 
from blaming the individual to developing 
safer systems.

The change in the aforementioned 
paradigm does not mean that individuals 
cannot be held responsible for their actions, 
in this topic knowing how to differentiate an 
error from a violation is imperative in building 
a fair culture, which is one of the pillars for 
building a culture of safety.

Within these precepts, it is clear that 
teamwork is a way to minimize the risks 
generated by human factors, teams make 
fewer mistakes than individuals, mainly when 
the individual, in addition to knowing his 
responsibilities, also knows those of the other 
individuals on his team(13).

Despite all the above, training in the health 
area, for the most part, continues to be applied 
on an individual basis and not in inter and 
multidisciplinary scenarios.

CRM IN HEALTHCARE
The first area to bring CRM concepts 

to health was anesthesia, with the idea of 
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managing crisis scenarios, in the early 1980s 
(14), since then scientific publications on the 
subject have been on the rise(15).

Despite the history described above, it 
still lacks, to date, a standardization of the 
training curriculum for health professionals, 
this standardization was achieved by aviation, 
which made the content, the frequency of 
training, the expansion of training the area 
also operational and annual contact with 
standardized topic training.

One of the few attempts at standardization 
in the health area was the so-called 
TeamSTEPPS program (Team Strategies and 
Tools to Enhance Performance and Patient 
Safety)(16), launched in November 2003, as a 
result of a collaboration with the Agency for 
Healthcare Research and Quality (AHRQ). ) 
and the Department of Defense (DoD), which 
consists of training a set of knowledge, skills 
and attitudes (CHA) each with definition, 
examples and scientific evidence on the 
subject. These include leadership, mutual team 
monitoring, backup behavior if necessary, 
mutual trust, closed-loop communication, 
sharing the same mindset, and adaptability.

Two very interesting points of this initiative 
are the preparation of instructors (about 1,500 
trained professionals) and the installation of 
the project in 3 phases(16), being they:

Phase I: preparation. In this phase, an 
organizational diagnosis is made, with 
opportunities for improvement that can be 
achieved with training.
Phase II: Planning, training and 
implementation. At this point, the training 
is actually carried out, typically consisting 
of 2 and a half days of activities, through 
scenarios, case studies, multimedia and 
simulations. At this moment, about 4 hours 
are dedicated for each participant to show 
how the concepts presented will affect their 
sector, meeting specific needs.
Phase III: Consolidation. The objective of 

this moment is to maintain and expand the 
performance of the team, clinical processes 
and outcomes. The idea is really to apply 
the concepts and experiences lived in the 
classroom on a daily basis, as well as to 
monitor and measure the effectiveness of 
the method.
There are also some initiatives to include 

TeamSTEPPS in the curriculum for training 
health professionals such as doctors and 
nurses. Duke University Medical Center in 
partnership with the University of North 
Carolina administered TeamSTEPPS 
to nearly 400 students and checked its 
effectiveness when placed in contact with 
patients. The Carilion Clinic plans to assess 
the relationship between TeamSTEPPS 
and infections related to patient care and 
experience(16).

Another initiative in the area is NOTSS 
(Non-technical skills for surgeons)(17), a 
program focused on the reality of the surgical 
center focused on the development of the 
team’s non-technical skills, such skills divided 
into social (leadership, communication and 
work in team) and cognitive (situational 
awareness and decision making).

A very interesting point in the literature 
that addresses the NOTSS is the work of 
Lindegger et al with the application of the 
method, through a 1-day course, in hospitals 
in a low-income country (Rwanda), which 
is one of the tools to achieve the proposal 
published in 2015 by the Lancet Commission 
on Global Safety called “Global Surgery 2030: 
evidence and solutions for achieving health, 
welfare, and economic development”(18), 
which is to achieve a safer and more equitable 
surgical environment worldwide, the authors 
demonstrated the feasibility of a program of 
this magnitude even in a low-resource setting, 
including a plan to investigate the behavioral 
change of participants in the medium 
term(19).
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The other non-technical skills training 
initiatives for health professionals consist of 
individual institutional projects with great 
variability among them.

Such variability was studied by Gross 
et al, who approached the topic through a 
systematic review of the literature, with about 
19,500 participants, demonstrating that 62% 
of CRM training was carried out in a 1-day 
format with duration between 6-10 days. 
hours (38%) or < 6 hours (24%), only 25% 
occurred on multiple days. When compared 
to the aviation environment, the duration of 
the introductory course was 2 or 3 days(15).

The main target location for training 
was the operating room (21%), emergency 
department (20%), obstetrics and pediatrics 
department (16%), followed by intensive 
care unit (13%). In relation to the country of 
realization, 39% were allocated in the United 
States of America, about 62% in English-
speaking countries (USA, United Kingdom, 
Canada, Australia and Ireland) and most of 
the countries with high ranking by the United 
Organizations in human development index 
(20).

The number of participants per training 
ranged, in most cases, from 5 to 15 people, 
and the maximum number of participants 
described was 35 students per training (21).

About 43% of the trainings were given 
in the classroom and 50% in a simulation 
environment. Holzman et al published their 
experience with the use of a mannequin as 
a patient and health professionals as actors 
in pre-established scenarios(22), such 
simulations took place in hospital ward 
environments or in environments conducive 
to simulation(23).

In addition to the training itself, a program 
that aims to keep professionals in touch with 
the concepts over time makes sense and is 
feasible, as demonstrated by Morey et al and 
Haerkens et al. (24, 25).

TRAINING RESULTS
An important tool in this aspect of 

evaluating the result of investment (RDI) in 
training is the concept of Kirkpatrick’s four 
evaluation levels(26), which are divided into:

Level 1 “reaction”: impact that the 
training had shortly after its completion, 
usually carried out through a post-
course satisfaction questionnaire with 
self-questioning of the evolution of their 
knowledge, keeping a close temporal 
relationship to the content given
Level 2 “Learning”: Neutral assessment 
of learning after training, observed or 
documented by examiners after training.
Level 3 “transfer”: evaluation of the change 
in behavior that may have occurred within 
3 months after training and that impacted 
the routine of the place. This level can be 
assessed using an attitude questionnaire or 
observationally.
Level 4 “result”: impact on tangible 
outcomes, concrete data on improvement 
of institutional indicators. As an example: 
reduction of adverse events.
In the study by Gross et al, 56% of the 

studies brought level 1 data, 25% with level 2 
data, 51% involving level 3 data and 33% with 
level 4, the latter based on reduction of adverse 
events or reduction of expenses associated 
with legal action(27).

Hansen et al published, through a telephone 
questionnaire after 6 months of training, 12 
situations where the applied concepts of CRM 
helped to save lives(28).

One of the biggest references in the CRM 
result topic is the meta-analysis by O’Dea et 
al demonstrating a positive impact on the 
result of teamwork, with adequate response 
of participants to training (score 4.25 out of 
5), impact on their knowledge post-course, 
attitude and behavior, but this publication 
also brought the need for greater assertiveness 
in the definition of results and greater 
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robustness of the research method design on 
the topic(29). On the contrary, Nielsen et al, 
showed results without significant difference 
in pre- and post-training in CABG between 
participants and the control group for surgical 
center professionals(30).

Therefore, the lack of standardization in 
the so-called CRM curriculum for health and 
the absence of works that aim to investigate 
the result (Kirkpatrick level 4) prevent, so far, 
from being assertive in the response to the 
positive impact on health institutions.

FUTURE DIRECTIONS
Despite the history described above, as 

already mentioned, there is still a lack of 
standardization of the training curriculum 
for health professionals, which is the 
starting point of a philosophy that wants to 
incorporate CRM in the health environment. 

The involvement of people in institutional 
decision-making positions, the so-called 
“non-educational” factor, is also essential. 
Molfatt et al involved executives and 
other managers during the initial stages 
of introducing the method to be part of a 
cultural transformation(31).

The investment in the preparation of 
instructors, which is very little studied, 
as demonstrated by the systematic review 
carried out by Gross et al, where only 30% 
of the studies addressed preparation issues, 
the others did not present any mention of 
the topic, although data such as simulation 
techniques and equipment used are well 
described in most articles(15).

We believe that the real incorporation of 
CRM training in healthcare organizations 
must be a trajectory like the one illustrated in 
the figure below.
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Finally, another point of reflection is the 
inclusion of countries with lower human 
development indices or low-midle income 
countries (LMIC) in a patient safety agenda 
that addresses the performance limitations of 
the human factor.

CONCLUSION
CRM training in aviation presents a 

standardization of content, workload and 
frequency. The health environment still 
lacks such standardization, which makes the 
results of research on the institutional impact 
of training very heterogeneous. In order 
to move in the direction of demonstrating 
effectiveness, we must first work on a single 
agenda among the centers to standardize the 
method.

In addition to working on the training 
itself, a project that involves people in 
executive positions and that also has a 
focus on keeping the team in touch with the 
concepts applied in the training makes sense 
for the establishment of a culture that aims 
to identify threats, mitigate the of human 
performance and minimize the damage 
caused by errors.

Expanding the knowledge of the 
methodology for countries with lower 
human development and LMIC indexes is 
imperative to advance global patient safety 
equanimity in order to change the current 
reality of adverse events in the health area.

REFERENCES
1. Leape LL, Brennan TA, Laird N, Lawthers AG, Localio AR, Barnes BA, et al. The nature of adverse events in hospitalized 
patients. Results of the Harvard Medical Practice Study II. N Engl J Med. 1991;324(6):377-84.

2. Martin JA, Smith BL, Mathews TJ, Ventura SJ. Births and deaths: preliminary data for 1998. Natl Vital Stat Rep. 1999;47(25):1-
45.

3. Brennan TA, Leape LL, Laird NM, Hebert L, Localio AR, Lawthers AG, et al. Incidence of adverse events and negligence in 
hospitalized patients. Results of the Harvard Medical Practice Study I. N Engl J Med. 1991;324(6):370-6.

4. Thomas EJ, Studdert DM, Newhouse JP, Zbar BI, Howard KM, Williams EJ, et al. Costs of medical injuries in Utah and 
Colorado. Inquiry. 1999;36(3):255-64.

5. Kohn L. To err is human: an interview with the Institute of Medicine’s Linda Kohn. Jt Comm J Qual Improv. 2000;26(4):227-
34.

6. Veatch RM. Cross cultural perspectives in medical ethics : readings. Boston: Jones and Bartlett; 1989. xvii, 340 p. p.

7. Human Factors Society. Los Angeles Chapter. Human factors in aviation: 1968; fifth annual symposium proceedings. Los 
Angeles: Available from Western Periodicals, North Hollywood; 1968. vii, 97 p. p.

8. Helmreich RL, Merritt AC, Wilhelm JA. The evolution of Crew Resource Management training in commercial aviation. Int J 
Aviat Psychol. 1999;9(1):19-32.

9. Salas E, Wilson KA, Burke CS, Wightman DC. Does crew resource management training work? An update, an extension, and 
some critical needs. Hum Factors. 2006;48(2):392-412.

10. Reason JT, Dawsonera. Human error. Cambridge: Cambridge University Press; 1990.

11. Cooper JB, Newbower RS, Long CD, McPeek B. Preventable anesthesia mishaps: a study of human factors. Anesthesiology. 
1978;49(6):399-406.

12. Deming WE. Out of crisis : quality, productivity and competitive position. Cambridge: CUP; 1986.



8
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1592492219085

13. Volpe CE, Cannon-Bowers JA, Salas E, Spector PE. The impact of cross-training on team functioning: an empirical 
investigation. Hum Factors. 1996;38(1):87-100.

14. Howard SK, Gaba DM, Fish KJ, Yang G, Sarnquist FH. Anesthesia crisis resource management training: teaching 
anesthesiologists to handle critical incidents. Aviat Space Environ Med. 1992;63(9):763-70.

15. Gross B, Rusin L, Kiesewetter J, Zottmann JM, Fischer MR, Pruckner S, et al. Crew resource management training in 
healthcare: a systematic review of intervention design, training conditions and evaluation. BMJ Open. 2019;9(2):e025247.

16. King HB, Battles J, Baker DP, Alonso A, Salas E, Webster J, et al. TeamSTEPPS(): Team Strategies and Tools to Enhance 
Performance and Patient Safety. In: Henriksen K, Battles JB, Keyes MA, Grady ML, editors. Advances in Patient Safety: New 
Directions and Alternative Approaches (Vol 3: Performance and Tools). Advances in Patient Safety. Rockville (MD)2008.

17. Yule S, Flin R, Paterson-Brown S, Maran N, Rowley D. Development of a rating system for surgeons’ non-technical skills. 
Med Educ. 2006;40(11):1098-104.

18. Meara JG, Leather AJ, Hagander L, Alkire BC, Alonso N, Ameh EA, et al. Global Surgery 2030: Evidence and solutions for 
achieving health, welfare, and economic development. Surgery. 2015;158(1):3-6.

19. Lindegger DJ, Abahuje E, Ruzindana K, Mwachiro E, Karonkano GR, Williams W, et al. Strategies for Improving Quality 
and Safety in Global Health: Lessons From Nontechnical Skills for Surgery Implementation in Rwanda. Glob Health Sci Pract. 
2021;9(3):481-6.

20. Action UNDP. (United Nations. Development Programme). New York.

21. Marshall DA, Manus DA. A team training program using human factors to enhance patient safety. AORN J. 2007;86(6):994-
1011.

22. Holzman RS, Cooper JB, Gaba DM, Philip JH, Small SD, Feinstein D. Anesthesia crisis resource management: real-life 
simulation training in operating room crises. J Clin Anesth. 1995;7(8):675-87.

23. Shapiro MJ, Morey JC, Small SD, Langford V, Kaylor CJ, Jagminas L, et al. Simulation based teamwork training for emergency 
department staff: does it improve clinical team performance when added to an existing didactic teamwork curriculum? Qual 
Saf Health Care. 2004;13(6):417-21.

24. Morey JC, Simon R, Jay GD, Wears RL, Salisbury M, Dukes KA, et al. Error reduction and performance improvement in 
the emergency department through formal teamwork training: evaluation results of the MedTeams project. Health Serv Res. 
2002;37(6):1553-81.

25. Haerkens MH, Kox M, Lemson J, Houterman S, van der Hoeven JG, Pickkers P. Crew Resource Management in the Intensive 
Care Unit: a prospective 3-year cohort study. Acta Anaesthesiol Scand. 2015;59(10):1319-29.

26. Kirkpatrick DL, Kirkpatrick J. Evaluating training programmes : the four levels. 3rd ed ed. San Francisco, California: Berrett-
Koehler; 2006.

27. Ricci MA, Brumsted JR. Crew resource management: using aviation techniques to improve operating room safety. Aviat 
Space Environ Med. 2012;83(4):441-4.

28. Hansen KS, Uggen PE, Brattebo G, Wisborg T. Team-oriented training for damage control surgery in rural trauma: a new 
paradigm. J Trauma. 2008;64(4):949-53; discussion 53-4.

29. O’Dea A, O’Connor P, Keogh I. A meta-analysis of the effectiveness of crew resource management training in acute care 
domains. Postgrad Med J. 2014;90(1070):699-708.

30. Nielsen PE, Goldman MB, Mann S, Shapiro DE, Marcus RG, Pratt SD, et al. Effects of teamwork training on adverse outcomes 
and process of care in labor and delivery: a randomized controlled trial. Obstet Gynecol. 2007;109(1):48-55.

31. Moffatt-Bruce SD, Hefner JL, Mekhjian H, McAlearney JS, Latimer T, Ellison C, et al. What Is the Return on Investment for 
Implementation of a Crew Resource Management Program at an Academic Medical Center? Am J Med Qual. 2017;32(1):5-11.


