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Abstract
Human beings who work in complex, dynamic, and stressful situations make mistakes. This is as true for anaesthetists as
for any other health-care professional, but we face unique challenges in the many roles and responsibilities we have in
diverse clinical contexts. As a profession, we are well versed in the development and utilization of improvement techniques
and technologies that prioritize high-quality, safe care for patients. This article focuses on one particular domain of patient
safety in which anaesthetists have been pre-eminent, the use of simulation in training to improve both professional capa-
bilities and patient safety in anaesthetic practice. This review considers the impact of error in health care; the role of anaes-
thetists in promoting simulation-based education for the development of clinical skills and improved teamwork; and their
role in disseminating human factors and quality improvement science to enhance safety in the clinical workplace. Finally,
we consider our position at the vanguard of developments in patient safety and how the profession should continue to pur-
sue a leadership role in the application of simulation-based interventions to training and systems design across health care.
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The scale and impact of error in health care
The NHS should continually and forever reduce patient harm by
embracing wholeheartedly an ethic of learning.
Don Berwick, 20131

Evidence confirming the existence of error in health care has
been available in anaesthesia since the 1950s2–7 and more
recently in the wider health-care community.8–11 Furthermore,
health-care error has been calculated to be the third biggest
killer in the USA after heart disease and cancer,12 and similar
estimates are described in many of the developed health-care
systems in the world.13–15 Awareness of the prevalence of error
in anaesthetic practice, and the courage to reflect constructively
on the underlying causes, has led to pioneering research and
training to improve safety. Methodologies to study risk and
reduce error have been developed far in advance of the other

medical specialities and before publication of documents such
as ‘To Err is Human’ by the Institute of Medicine in 199916 and
‘An Organisation with a Memory’ in the UK in 2001,17 which led
to greater awareness of the issue of avoidable harm amongst
the wider health-care community.

Of course, the most obvious and important impact of error
in health care is on the patients and their families, who suffer
the physical and psychological impact of the adverse event.
In the National Health Service (NHS), the tragic death of Elaine
Bromiley in 2005, during anaesthesia for elective ear, nose, and
throat surgery, brought the inadequacies of human factors
training in health care into sharp relief.18 Elaine’s husband,
Martin Bromiley, is an airline pilot, and his subsequent focus on
enabling learning from the errors that were made in his wife’s
case led to the foundation of the Clinical Human Factors
Group (www.chfg.org; accessed 5 September 2017) and a
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significant and sustained increase in the awareness of the
importance of human factors in the NHS.19

Patient safety and anaesthesia
The clinical workplace for anaesthetists has changed rapidly
and dramatically over the past few decades. Advancements in
the technologies and devices used to support patient care,
patients with increasingly complex co-morbidities, the move to
electronic systems of record keeping, and changes in patterns of
working, coupled with an ever-increasing pressure to achieve
targets, make health care a more challenging environment in
which to work than ever before. It is in these complex and
dynamic settings, with multiple interdependencies and the
requirement for rapid decision-making in uncertain situations,
that health-care professionals must strive to prevent error.

Learning from high-reliability organizations

There are numerous other industries where challenging work
conditions are also regarded as potentially hazardous or high
risk. Professor Karlene Roberts, who has studied the design and
management of organizations in which errors can have cata-
strophic consequences, states: ‘to identify these organisations
one must ask the following question, “how often could this
organisation have failed with dramatic consequences?” If the
answer to the question is many thousands of times the organi-
sation is highly reliable.’20 These so-called high-reliability
organizations offer useful lessons to be drawn from their con-
siderable efforts to drive down accident rates through research
into human factors and implementation of novel systems
design and monitoring strategies.21 Successful examples of
high-reliability organizations include the nuclear fuel industry,
chemical industries, and civil aviation (e.g. learning from the
egregious events at Chernobyl, Bhopal, and Tenerife airport,
respectively).21 James Reason and Charles Perrow provide elo-
quent insights into how such events are caused by a concatena-
tion of behavioural and systems failures leading ultimately to
catastrophe.21–23 There is no doubt that health care is beginning
to learn these lessons, but there remains a considerable dis-
tance to travel. Rene Amalberti has studied ‘ultrasafe’ industries
and compared them with what he calls regulated and danger-
ous enterprises.24 Regulated systems include driving and char-
tered flights, whereas dangerous systems include mountain
climbing and bungee jumping (which are associated with acci-
dent rates of 1 per 1000 events). Figure 1, from Ferner’s paper on
medication error25 extrapolates from work by Amalberti24 and
Leape26 to compare the safety performance in healthcare with
other high risk enterprises. Unfortunately, healthcare is more
closely aligned with mountain climbing than civil aviation.

Safety in anaesthesia

One of the clear success stories in health care is found in anaes-
thetic practice, in which there has been considerable improve-
ment in patient safety and mortality over the past 50 yr. Early
reports on patient mortality suggested that deaths directly
caused by anaesthesia were in the region of 1–2 per 10 000,2 3

and that figure is now closer to 1 per 100 000.27 The reasons for
this improvement are multifactorial and related both to scien-
tific developments in the field and to a broader and stronger
focus on clinical governance and standards of practice. In more
recent years, attention has been focused on how simulation can
enhance technical training and the development of professional

capabilities in anaesthetic practice. This has underpinned
a desire to improve individual resilience by highlighting
the importance of developing personal non-technical skills
alongside improving team capabilities in the management of
critical situations. Continued focus on analysis of operations
through robust clinical audit has been illustrated by publication
of the first compendium of audit recipes in 2000,28 the Royal
College of Anaesthetists’ (RCoA’s) National Audit Projects begin-
ning in 2003,29 and introduction of the Safe Anaesthesia Liaison
Group (SALG), a collaborative group of organizations that aim to
promote patient safety learning in anaesthesia across the UK.

This progressive attention to patient safety from the individ-
ual practitioner through to the organizational level has enabled
anaesthesia as a profession to embrace the concepts and science
of human factors more readily than some other parts of the
health-care system. Human factors has been defined by the
Health and Safety Executive as the ‘environmental, organisa-
tional and job factors, and human and individual characteristics,
which influence behaviour at work in a way which can affect
health and safety’.30 Although originally intended to address the
well-being of the worker, the impact of a human factors
approach to systems design is readily extended to patient safety,
productivity, and efficiency in the health-care context. The two
broad domains of study under this umbrella are human behav-
iour and systems analysis (with considerable interdependency
between the two). They provide significant opportunities for
simulation-based approaches to help support the integration of
human factors into education and professional practice. The
remainder of this review focuses on how anaesthesia has
adopted simulation-based education for training in technical and
non-technical skills and considers our role in promulgating a
systems-based approach to providing safer health care.

Simulation-based education in anaesthesia
Simulation training in all its forms will be a vital part of building a
safer healthcare system.
Sir Liam Donaldson, CMO Annual Report (2008)31

Simulation as applied to health care has been defined as ‘a tech-
nique, not a technology, to replace or amplify real experiences
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Fig 1 The total number of lives lost per year plotted against the number
of encounters per fatality on a log–log scale. Reproduced from ‘An agenda
for UK pharmacology: medication errors’ (Br J Clin Pharmacol 2012; 73(6):
p. 912) with permission of Wiley publishers.
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threats (poor communication, poor training and team-
work, de!ciencies in equipment, and inadequate sys-
tems and processes) predisposed to loss of situational
awareness and subsequent poor decision making [14].
We have divided human factors errors into individual
and team non-technical skills and system and design
management (Table 2).

The 5th National Audit Project (NAP5) [16] on
accidental awareness during general anaesthesia
(AAGA) reported that two-thirds of awareness
occurred during induction and emergence. Contribut-
ing factors included: the use of thiopentone; rapid
sequence induction (RSI) of anaesthesia; obese patients;
dif!cult airway management; neuromuscular blockade;
and transfers to theatre [16]. Of those cases of AAGA
reported, 73% were deemed to be avoidable, with mis-
communication found to be the main contributory fac-
tor in greater than 80% cases of AAGA associated with
sedation. Human factors recognised by NAP5 are
described in Table 3.

The Dif!cult Airway Society (DAS) guidelines for
unanticipated dif!cult airway 2015 [17] included a
whole section on human factors, and incorporated rec-
ommendations made by the NAP4 report. The guideli-
nes highlight the importance of clinician awareness
that poor communication, poor training and team-
work, de!ciencies in equipment, and inadequate

systems and processes predispose to loss of situation
awareness and subsequent poor decision making. In
stressful situations such as cannot intubate, cannot
oxygenate (CICO), anaesthetists can become over-
loaded, and the DAS guidelines provide explicit
instructions for the team to ‘stop and think’. A ‘decla-
ration of the emergency’ ensures that all members of
the team start this critical situation on the ‘same page’
and can follow the same mental model (i.e. follow the
DAS Guidelines).

It is also important that teams rehearse together
and consider using simulation to develop non-techni-
cal skills, such as: leadership; team co-ordination; com-
munication; and shared understanding of roles [17]. A
team brief before the start of each anaesthetic, particu-
larly between anaesthetist and operating department
practitioner (ODP) is also considered to be good prac-
tice, and encourages thinking about speci!c challenges
and checking availability of appropriate equipment.

The DAS guidelines for the management of tra-
cheal extubation [18] recognised that human factors
compound problems related to tracheal extubation.
Problems arise when there is inadequate equipment,
inadequate skilled assistance, suboptimal patient posi-
tioning, limited access to airway (e.g. due to dressings/
gastric tubes/rigid !xators), interruption of oxygen
supply during patient transfer, communication dif!cul-
ties (e.g. language, mental capacity) and the removal of
oxygen by agitated or uncooperative patient.

Human factor components
Teamwork
The term ‘teamwork’ describes a number of beha-
vioural processes and emergent states [19] and is
de!ned as “a distinguishable set of two or more people
who interact dynamically, interdependently, and adap-
tively towards a common and valued goal, who have
each been assigned speci!c roles or functions to perform,
and who have a limited life-span membership” [20].
Although teams consist of individuals, it is important
to work towards maximising the mental and physical
problem-solving capabilities of the group, such that
the sum is greater than its parts [21]. In complex
teams, teamwork is more than just subordinates doing
what their leader tells them to do, and relies on good
followership; followership is ‘the active engagement of

Table 3 Human factors recognised by NAP5.

Induction of
anaesthesia

• Drugs errors (mislabelling, syringe
swaps, failure to mix drugs,
underdosing due to lack of
knowledge)

• Distraction (by colleagues or by
unexpected difficulty)

• Timing (rushing, busy lists with
multiple changes)

• Fatigue

• Seniority (unsupervised juniors, lack
of knowledge)

Maintenance of
anaesthesia

• Underdosing (due to cardiovascular
instability, risk to fetus, inattention/
judgement errors)

Emergence from
anaesthesia

• Switching off anaesthetic agents
too early due to poor communication
or lack of knowledge

• Failure to monitor neuromuscular
blockade

• Rushing and mistiming
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Summary
Human factors in anaesthesia were !rst highlighted by the publication of the Anaesthetists Non-Technical Skills
Framework, and since then an awareness of their importance has gradually resulted in changes in routine clinical
practice. This review examines recent literature around human factors in anaesthesia, and highlights recent national
reports and guidelines with a focus on team working, communication, situation awareness and human error. We
highlight the importance of human factors in modern anaesthetic practice, using the example of complex trauma.
.................................................................................................................................................................
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Introduction
There is widespread recognition that human factors
are key to the safe delivery of healthcare in the UK.
Human factors are de!ned as: “enhancing clinical per-
formance through an understanding of the effects of
teamwork, tasks, equipment, workspace, culture and
organisation on human behaviour and abilities and
application of that knowledge in clinical settings” [1];
or more simply, “the science of improving human per-
formance and well-being, by examining all the effectors
of human performance” [2].

There has been research into how human factors
for anaesthetists [3], surgeons [4] and scrub

practitioners [5] are translated into clinical practice.
Safe and ef!cient task performance requires both
technical and non-technical skills [6]. De!ciencies in
non-technical skills at the individual level increase
the chance of errors and adverse events [7]. There is
also evidence that teamwork glitches, communication
failures, and cultural and hierarchal barriers con-
tribute to safety failures [8–10]. Sir Liam Donaldson,
a previous Chief Medical Of!cer, stated that “to err
is human, to cover up is unforgivable, and to fail to
learn is inexcusable” [11]. It is hoped that the recent
concordat signed by 16 organisations including the
General Medical Council, NHS England and the

12 © 2018 The Association of Anaesthetists of Great Britain and Ireland
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Elaine Bromiley went into hospital in 2005 
for a routine nose operation. Her two young 
children eagerly awaited her homecoming. 
The operation was minor and she had few 
concerns. For her husband, Martin, a pilot 
and human factors expert, that day was to 
change his life forever. 

Elaine walked into the anaesthetic room and 
was put to sleep. The anaesthetist then 
started to put in the breathing tube, which is 
necessary when someone is anaesthetised. 
It is rare to encounter problems. On that day, 
intubation was not routine. The anaesthetist 
could not insert the tube. No oxygen was 
getting into Elaine’s lungs, and it was 
proving impossible to pass a tube into her 
throat. The surgeon and another 
anaesthetist joined him. Even between the 
three of them, they were not able to place 
the breathing tube. 

This emergency situation is well known to 
anaesthetists. It has a name: ‘Can’t intubate, 
can’t ventilate’. There is a clear emergency 
procedure to deal with it. There is a simple 
emergency mantra for dealing with this 
eventuality: ‘Oxygenate not intubate’. The 
protocol for the urgent management of this 
situation escalates rapidly, including the 
early abandonment of attempts to intubate 
in favour of pursuing oxygenation by any 
means, and culminating in the use of a piece 
of equipment to reach the windpipe via the 

front of the neck. This provides oxygen to 
the lungs, bypassing the throat entirely. The 
percutaneous tracheostomy kit was available 
in the room, but the three doctors did not 
use it. What should have been a habit was 
not. Instead, they focused on repeatedly 
trying to insert the standard throat tube, 
despite the fact that this was not working. As 
they concentrated on doing this, they did 
not realise how much time had passed. Over 
the next 20 minutes, as their attempts 
repeatedly failed, Elaine’s brain was starved 
of oxygen. By the time a breathing tube was 
finally put in place, it was too late. Elaine’s 
brain had been irreparably damaged by the 
lack of oxygen. She remained in a coma and 
died two weeks later. 

On 16 January 2009, US Airways flight 1549 
took off from La Guardia airport in New York 
City. Minutes after take-off, the plane 

“Simulation is a technique – not 
a technology – to replace or 
amplify real experiences with 
guided experiences that evoke 
or replicate substantial aspects 
of the real world in a fully 
interactive manner.” 

Professor David M Gaba 
Stanford University, USA 

ploughed into a flock of birds. The right 
engine caught fire and shut down, followed 
moments later by the left engine. A total of 
155 lives hung in the balance. Captain 
Chesley Sullenberger, calmly, professionally 
and with formidable skill, landed the plane 
on the Hudson River – a feat never before 
achieved. The audio recording of the 
captain’s conversation with air traffic control 
is remarkable. There is an absolute sense of 
calm, of someone retaining control in the 
face of such a dire situation. 

A similar incident involving total engine 
failure had occurred exactly a year earlier in 
London. British Airways flight 38, arriving 
from Beijing, lost power to both engines as 
it came in to land at Heathrow. The co-pilot 
expertly navigated the plane, carrying 152 
passengers, to the ground just short of the 
runway. It sustained extensive damage on 
landing, but nobody on the plane was 
seriously injured. 

Engine failure is an emergency for pilots. 
‘Can’t intubate, can’t ventilate’ is an 
emergency for anaesthetists. Yet while more 
than 300 passengers on the two aircraft 
survived, Elaine Bromiley died. On both 
flights, there was potential for panic. Instead, 
the unfamiliar was familiar because it had 
been encountered many times before, not in 
real life but in a simulator. Although it is a 
rare occurrence, pilots regularly rehearse 
engine failure in simulators. So when faced 
with a real situation, habit takes over. And 
even in a scenario so rare that it’s a surprise, 
pilots have developed mental strategies that 
allow them to prioritise and make crucial 
decisions rapidly and successfully. Habits are 
developed and reinforced by continual 
exposure in the simulator. 

Not all anaesthetists, by contrast, regularly 
rehearse the ‘Can’t intubate, can’t ventilate’ 
scenario. They learn the theory of what to 
do and they learn the practical skill. But they 
do not routinely practise the scenario, even 
though simulated methods are available. 

50 
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Seeing the Future of Anesthesia Drug Dosing: Moving
the Art of Anesthesia from Impressionism to Realism
R. Ross Kennedy, MBChB, PhD, FANZCA

The relationship among drug dosing, drug concentra-
tion, and drug response in anesthesia is complex and
differs considerably from the steady-state equilib-

rium pharmacokinetics that we were taught in medical
school. With inhalation anesthetics, end-tidal monitoring
can give us an estimate of drug concentrations in the body,
but we do not have any real-time monitor of drug concen-
trations for IV agents. We learn largely empirically the drug
doses and concentrations that produce appropriate re-
sponses (or lack thereof) in a wide variety of patients; this
is part of the art of anesthesia.

The relationships between dose or concentration and re-
sponse can be illustrated for teaching and in clinical practice
using software packages such as StanPump, RUGLOOP,
IVA-SIM, and TIVATrainer, which have been reviewed
recently.1 These applications have been available online for
some years and incorporate a wide range of pharmacoki-
netic and pharmacodynamic models. However, they re-
main essentially tools for teaching, research, or the enthu-
siast. It has been the incorporation of this technology into
commercial clinical devices that has introduced and dem-
onstrated these concepts to a wide range of users.

This process began in 1996 in many parts of the world
with the introduction of the Diprifusor (Astra Zeneca,
United Kingdom) for administering a target-controlled
infusion (TCI) of propofol. TCI devices allow the user to
select a drug concentration that the pump tries to attain
using a built-in pharmacokinetic model of the drug. The
user can observe how the infusion rate changes to meet the
set target. Many TCI pumps incorporate estimates of effect-
site concentrations and some graphically display both the
history and predictions of future concentrations (at the
current infusion setting). More recently, “open TCI” pumps
have expanded the concept to a wider range of drugs. Some
of these devices allow the user to choose between various
pharmacokinetic models for a drug.

Different models of the same drug deliver different
amounts of drug to attain the same (modeled) concentra-
tion. This is confusing for users,2 and poses the question of

which model is the most accurate.3 In this issue, Masui et
al.4 have explored this question by examining the perfor-
mance of 4 different propofol models under a range of
conditions. They looked at 3 conventional compartmental
models and 1 physiologically based recirculation model.
They also reviewed the history and derivation of these
models, providing useful background information and
context for the various models. Masui et al. concluded that
“the Schnider model. . . has the fewest shortcomings.”4 This
guarded recommendation suggests that we still have a way
to go to find ideal models.

Despite these limitations, TCI has been shown to be a
useful approach to drug delivery. When a TCI pump is not
available for a particular drug, or for volatile anesthetics for
which target control of volatile concentration is relatively
new, an alternative “advisory” approach utilizes embed-
ded models that show drug concentrations in various
compartments along with their history and predictions in
the near future. The user adjusts drug delivery to achieve
the desired predicted drug concentration. We have devel-
oped this approach for use with inhalation anesthetics. In
our system, measured fresh gas flow rates and vaporizer
settings are used as inputs to a validated uptake model,
which is used to predict both end-tidal and effect-site
concentrations over the following 10 minutes. Because the
model is updated every 10 seconds, determining the inputs
that produce a desired pattern, such as adjusting the
vaporizer after reducing fresh gas flows or anticipating
various stages of surgery or anesthesia, is straightforward.
We have shown that this approach enables the user to make
changes more rapidly5 and may facilitate the reduction of
flow rates6 with a consequent significant cost reduction.

Although TCI frees the user from the complexities of
dosing, especially during induction, most systems attempt
to achieve a given target as rapidly as possible. With an
advisory system the user can directly control the rate of
change, which may be an advantage at some stages of
anesthesia.

All of the above goes a long way to revealing the
mysteries of pharmacokinetics in a clinically useful “real-
time” setting for individual drugs. As has been discussed in
the preceding editorials,7,8 and is illustrated by articles in
this issue9,10 and others,11 drug interactions have a signifi-
cant influence on various anesthetic end points. New
devices incorporating these interactions, SmartPilot View
(Drager Medical, Lubeck, Germany) and Navigator Suite
(GE Healthcare, Helsinki, Finland), are the latest step in
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Seeing the Future of Anesthesia Drug Dosing: Moving
the Art of Anesthesia from Impressionism to Realism
R. Ross Kennedy, MBChB, PhD, FANZCA

The relationship among drug dosing, drug concentra-
tion, and drug response in anesthesia is complex and
differs considerably from the steady-state equilib-

rium pharmacokinetics that we were taught in medical
school. With inhalation anesthetics, end-tidal monitoring
can give us an estimate of drug concentrations in the body,
but we do not have any real-time monitor of drug concen-
trations for IV agents. We learn largely empirically the drug
doses and concentrations that produce appropriate re-
sponses (or lack thereof) in a wide variety of patients; this
is part of the art of anesthesia.

The relationships between dose or concentration and re-
sponse can be illustrated for teaching and in clinical practice
using software packages such as StanPump, RUGLOOP,
IVA-SIM, and TIVATrainer, which have been reviewed
recently.1 These applications have been available online for
some years and incorporate a wide range of pharmacoki-
netic and pharmacodynamic models. However, they re-
main essentially tools for teaching, research, or the enthu-
siast. It has been the incorporation of this technology into
commercial clinical devices that has introduced and dem-
onstrated these concepts to a wide range of users.

This process began in 1996 in many parts of the world
with the introduction of the Diprifusor (Astra Zeneca,
United Kingdom) for administering a target-controlled
infusion (TCI) of propofol. TCI devices allow the user to
select a drug concentration that the pump tries to attain
using a built-in pharmacokinetic model of the drug. The
user can observe how the infusion rate changes to meet the
set target. Many TCI pumps incorporate estimates of effect-
site concentrations and some graphically display both the
history and predictions of future concentrations (at the
current infusion setting). More recently, “open TCI” pumps
have expanded the concept to a wider range of drugs. Some
of these devices allow the user to choose between various
pharmacokinetic models for a drug.

Different models of the same drug deliver different
amounts of drug to attain the same (modeled) concentra-
tion. This is confusing for users,2 and poses the question of

which model is the most accurate.3 In this issue, Masui et
al.4 have explored this question by examining the perfor-
mance of 4 different propofol models under a range of
conditions. They looked at 3 conventional compartmental
models and 1 physiologically based recirculation model.
They also reviewed the history and derivation of these
models, providing useful background information and
context for the various models. Masui et al. concluded that
“the Schnider model. . . has the fewest shortcomings.”4 This
guarded recommendation suggests that we still have a way
to go to find ideal models.

Despite these limitations, TCI has been shown to be a
useful approach to drug delivery. When a TCI pump is not
available for a particular drug, or for volatile anesthetics for
which target control of volatile concentration is relatively
new, an alternative “advisory” approach utilizes embed-
ded models that show drug concentrations in various
compartments along with their history and predictions in
the near future. The user adjusts drug delivery to achieve
the desired predicted drug concentration. We have devel-
oped this approach for use with inhalation anesthetics. In
our system, measured fresh gas flow rates and vaporizer
settings are used as inputs to a validated uptake model,
which is used to predict both end-tidal and effect-site
concentrations over the following 10 minutes. Because the
model is updated every 10 seconds, determining the inputs
that produce a desired pattern, such as adjusting the
vaporizer after reducing fresh gas flows or anticipating
various stages of surgery or anesthesia, is straightforward.
We have shown that this approach enables the user to make
changes more rapidly5 and may facilitate the reduction of
flow rates6 with a consequent significant cost reduction.

Although TCI frees the user from the complexities of
dosing, especially during induction, most systems attempt
to achieve a given target as rapidly as possible. With an
advisory system the user can directly control the rate of
change, which may be an advantage at some stages of
anesthesia.

All of the above goes a long way to revealing the
mysteries of pharmacokinetics in a clinically useful “real-
time” setting for individual drugs. As has been discussed in
the preceding editorials,7,8 and is illustrated by articles in
this issue9,10 and others,11 drug interactions have a signifi-
cant influence on various anesthetic end points. New
devices incorporating these interactions, SmartPilot View
(Drager Medical, Lubeck, Germany) and Navigator Suite
(GE Healthcare, Helsinki, Finland), are the latest step in
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7 • Patient Simulation 203

ANESTHESIA CRISIS RESOURCE MANAGEMENT 
CURRICULA

A working group of the original ACRM centers (VA-Stan-
ford, Boston CMS, Toronto Sunnybrook) promulgated a 
set of criteria to be met by a curriculum to be called either 
ACRM or ACRM-like. Box 7.3 presents an excerpt of the 
criteria.

Among others, these criteria delineate:
  

 1.  To target the above mentioned identified gaps in train-
ing, approximately 50% of the emphasis of ACRM is 
on the medical and technical management of specific 
high-risk perioperative situations, and about 50% is 
on generic principles of crisis management that apply 
to nearly every complex patient care situation. The key 
teaching points of ACRM are shown in Box 7.4. These 
points are emphasized during the ACRM simulation 
course, and their occurrence or omission is highlighted 
during the debriefing sessions.

 2.  Special training is needed for instructors in ACRM-like 
curricula. The authors’ experience suggests that the 
most difficult aspect of ACRM instructing is debrief-
ing, and new instructors require a significant period of 
experience, preferably under supervision by more senior 
instructors, before being ready to be fully independent 
instructors. Several groups working separately or col-
lectively have developed comprehensive training pro-
grams on simulation instruction, including substantial 
modules on debriefing and scenario design (see later 
subchapter on instructor qualification).

 3.  ACRM-like curricula employ a variety of teaching modal-
ities to achieve these goals, including the following:

! "!  Comprehensive textbook on anesthesia crisis man-
agement: Crisis Management in Anesthesiology (now in 
an expanded second edition).24 This book includes didac-

tic material on ACRM principles and a comprehensive 
catalog of critical incidents in anesthesia that provides 
guidelines for preventing, recognizing, and managing 
99 perioperative situations in a uniform format. The 
catalog section of the text is intended to provide study 
material to increase anesthesiologists’ stock of pre-
compiled response plans to common and uncommon 
situations. This textbook has been translated into 
Japanese, German (first edition), Spanish, and Portu-
guese (second edition).

! "!  Brief presentation and discussion reviewing the prin-
ciples of CRM and patient safety.

! "!  Use of trigger videos meant to initiate discussion, some-
times from a non-health care setting (e.g., commercial 
aviation, British warship during the Napoleonic wars).

! "!  Group exercises analyzing a patient care event, pre-
sented as: (i) an actual patient care event captured on 
video or a reconstruction thereof; (ii) a video of a pre-
sentation as if from a morbidity and mortality confer-
ence; or (iii) a written report of the event.

! "!  The core of simulation activities in ACRM-like cur-
ricula will be several hours of different, complex, 
multifaceted, realistic simulation scenarios in 
which participants rotate through different roles, 
including for example primary anesthesiologist, 
first responder (called cold, with no knowledge of 
the situation), and scrub tech. Other instructors or 
actors play the roles of surgeons, nurses, and tech-
nicians as in a real perioperative setting. Each situ-
ation is followed by a detailed debriefing (see later in 
discussion on “Debriefing”).

  

Several publications have detailed the response of 
participants with varying levels of experience to ACRM 
training or its equivalent.181,248-250 Participants have 

video camera

surgical team

microphone

patient simulator

anesthesia team

simulated
vital signs monitor

loudspeaker

Fig. 7.17 Crisis resource management training scenario during crew training. The surgical team is performing a complicated endoscopic surgical 
procedure replayed on screen. The anesthesia team must solve a clinical problem and coordinate with the surgical team. Video cameras, microphones, 
and loudspeakers provide the necessary connectivity and later debriefing tools. (Photograph taken by M. Rall at the Center for Patient Safety and Simulation, 
University Hospital, Tübingen, Germany.)

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
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An international survey evaluating factors influencing the use 
of total intravenous anaesthesia
G. T. C. Wong*, S. W. Choi†, D. H. Tran‡, H. Kulkarni§, M. Irwin**

Summary
The purpose of this study was to evaluate factors influencing the use of propofol-based total intravenous anaesthesia (TIVA)

since despite TIVA being a well-established technique, it is used far less frequently than volatile anaesthesia. Questions were 

formulated after reviewing the literature for perceived disadvantages of TIVA and meeting with a focus group consisting of 

both senior and junior anaesthestists from our department. Once the survey had been formulated, specialist anaesthetists 

from professional colleges and societies from several countries were invited to complete the survey on an electronic web-

based platform to allow evaluation of the respondent’s rating of the importance of a range of factors in their decision not 

to use TIVA for a particular case. Basic descriptive statistics were determined using SPSS statistical software, while graphical 

depictions of data were handled using R for statistical analysis. A total of 763 survey responses were included in the final 

analysis and stratified according to the frequency of TIVA use. Among the infrequent users, issues such as additional effort, 

institutional preference, lack of real-time monitoring of propofol concentration, risk of missing drug delivery failure and 

increased turnaround time were among the top reasons mentioned. Interestingly, these issues were considered far less 

important among the frequent users when not choosing TIVA. We concluded that frequent and infrequent users respond quite 

differently to similar technical TIVA-related factors. Non-technical factors may play an important role in the infrequent user’s 

decision not to use TIVA for a particular case.

Key Words: propofol, anaesthesia, intravenous: propofol, surveys and questionnaires

Propofol-based total intravenous anaesthesia (TIVA) is 

well established in clinical practice1 and has a number of 

potential advantages over volatile anaesthesia2. Population-

based pharmacokinetic modelling has been developed to 

produce target-controlled infusion (TCI) which can achieve 

and maintain a set plasma- or effect-site concentration, 

allowing the anaesthetist fine control over drug delivery in a 

manner analogous to a vaporiser for volatile anaesthetics3. As 

propofol concentration at loss of consciousness corresponds 

remarkably well with that at return of consciousness4, TIVA 

with TCI also allows excellent titration. In the last 20 years, 

open TCI systems in ‘smart’ pumps using generic propofol 

have improved safety and reduced drug costs5. Remifentanil 

is a fast-onset opioid with a consistently short context- 

sensitive half-life which makes it suitable for combination 

with propofol for the analgesic component of TIVA2,6. While 

some of the advantages of TIVA are well known, such as 

its rapid and smooth recovery profile and reduction in 

postoperative nausea and vomiting7-9, others are being 

increasingly recognised such as lower emergence agitation in 

children and less pain after surgery10. Recent research even 

suggests that long-term survival after cancer surgery may be 

improved in patients anaesthetised with TIVA compared to 

volatile anaesthesia11.

While the disadvantages associated with TIVA remain 

relatively unchanged, the conditions for using TIVA continue 

to improve, and advantages with its use continue to 

be uncovered. However, TIVA accounts for only a small 

percentage of general anaesthetics even in countries where 

it is well established12. Against this background and based 

on existing perceived disadvantages from the literature, 

we designed a survey to investigate this. Our aim was to 

investigate the relative importance different users place on 

each factor to see whether any patterns could be identified. 

Materials and methods
A literature search was performed for publications that 

discuss the advantages and disadvantages of TIVA use. 

Search terms used were ‘total intravenous anaesthesia’, 
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categories, but, to our knowledge, propofol PK have not
been studied in critically ill ICU patients; thus, none of the

existing PK models applies to these patients.

5.5.2.1 Adult Population Many adult PK models for
propofol have been published. Large variability among the

model parameters can be found due to differences in study

design, drug administration profile and study population
used to develop the model [64]. Although numerous mul-

ticompartmental mammillary models exist, only two adult

models are commonly used in clinical practice for target-
controlled infusions (TCIs), namely the Marsh [65] and

Schnider [66] models.

In the Marsh model, the volumes (V1, V2, V3) are a linear
function of patient weight, while the intercompartmental

transfer rates (k12, k21, k13, k31) are constant. In contrast, the

Schnider model has fixed V1, V3, k13 and k31, and uses age
as a covariate in the calculation of V2, k12 and k21, and lean

body weight, sex, total body mass and height as covariates

of the metabolic clearance.
As indicated above, a benefit of the Schnider model over

the Marsh model is that it adjusts the dose and infusion rate

according to the patient’s age. This results in smaller bolus
doses administered by the TCI pump (on starting, or when

the target concentration is increased) in older patients,

which might improve haemodynamic stability. A disad-
vantage of the Schnider model is that the lean body mass

equation incorporated into the calculation of k10 can gen-

erate paradoxical values, resulting in excessive increases in
maintenance infusion rates in the obese [67].

In general, both models have acceptable performance in
daily practice, and the choice of model to use is predom-

inantly made based on user experience and the model

availability.

5.5.2.2 Obese Population Obesity is associated with a

number of physiological and pathophysiological changes

that can have a significant impact on drug PK. The most
important factors affecting PK in obese patients are chan-

ges in body composition, haemodynamics, regional blood

flow, and liver and kidney function [68].
Older propofol models, such as the Marsh [65] and

Schnider [66] models, were developed from studies

involving healthy adults with a limited range of weights.
Some practitioners still use the Marsh model [65] for TCI

propofol administration in obese patients [67], but instead

of inputting the TBW, they input an ABW calculated from
the TBW and IBW, and calculated as follows:

ABW ! IBW " 0:4 # TBW $ IBW% &:

where IBW is calculated as:

IBW ! 45:4 " 0:89 # HT cm' ( $152:4% &
" 4:5 if male% &

or more simply as:

IBW ! height cm' ( $100 if male% & or IBW
! height cm' ( $105 if female% &:

As mentioned earlier, in severely obese patients, the

LBM equation used in the Schnider model generates
paradoxically large increases in the k10, when the BMI

Fig. 2 Overview of a three-
compartment pharmacokinetic/
pharmacodynamic model

1544 M. M. Sahinovic et al.
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Librería de Drogas y Modelos Farmacocinéticos 
 
Droga/Modelo    Restricciones 

 
1. Propofol      
  1.1   Schnider - Base Primea®  � 16 años; IMC < 42 (masculino) y < 35 (femenino) 
  1.2   Marsh 1.6  - Base Primea®  � 16 años  

1.3   Marsh - White (masculino)  � 16 años 
  1.4   Marsh - White (femenino)  � 16 años 
 1.5   Cortínez Obesos   � 16 años 

1.6   Marsh (Diprifusor®)   � 16 años 
1.7   Kataria    � 3 � 11 años 

  1.8   Kataria - Muñoz/Tpeak  � 3 � 11 años 
  1.9   Paedfusor    � 1 � 12 años 
 1.10 Paedfusor - Muñoz/Tpeak  � 1 � 12 años 
 1.11 Paedfusor    13 años 
 1.12 Paedfusor    14 años 
 1.13 Paedfusor    15 años 
 1.14 Paedfusor    16 años 
2. Remifentanilo  
  2.1 Minto/Schnider   � 15 años; IMC < 42 (masculino) y < 35 (femenino) 
3. Fentanilo  
  3.1 Scott    � 16 años 
4. Midazolam 
  4.1 Greenblatt    � 16 años 
5. Ketamina 
  5.1 Domino    � 16 años 
6. Dexmedetomidina 

 6.1 Dyck    � 16 años 
7. Rocuronio 
8. Cisatracurio 
9. Atracurio 

10. Mivacurio 
 
1. Propofol 
 
Concentración(es) de la solución: 10 mg/ml, 20 mg/ml 
 
1.1 Schnider - Base Primea® (Cuatro compartimentos (ke0))  
  
Vc = 4.27 
k10 = (1.89+0.0456*(WEIGHT-77)-0.0681*(LBM-59)+0.0264*(HEIGHT-177))/VC 
k12 = (1.29-0.024*(AGE-53))/VC 
k21 = (1.29 - 0.024 * (AGE - 53)) / (18.9 - 0.391 * (AGE - 53)) 
k13 = 0.836/VC 
k31 = 0.836 / 238 
ke0 = 0.456 
 
1.2 Marsh 1.6 - Base Primea® (Cuatro compartimentos (ke0)) 
  
Vc = 0.228 * WEIGHT 
k10 = 0.119 
k12 = 0.114 
k21 = 0.055 
k13 = 0.0419 
k31 = 0.0033 
ke0 = 1.21 
 

 
 
Available TCI models in arcomed Syramed® μSP6000 Chroma syringe pumps 
 

 

 

 

 

 

 

 

 

DRUG PROTOKOL / TCI MODEL PARAMETER & DATA 
   
PROPOFOL Schnider t_peak = 1.600 (Anesthesiology 90:1502-1516, 1999) k41 = 

0.456 / vc = 4.27  Remark: (k41 is recalculated to match t_peak after entry of 
patient data) 
 

PROPOFOL Cortinez-Sépulveda (for high BMI, obese 
patients < 250kg) 

k41 = 0.21 / corresponds to ke0, Dr. Cortinez 17.1.2012 / vc = 
4.48 * v2, Cortinez obese Influence of obesity on propofol 
pharmacokinetics Remark: (k41 is recalculated to match t_peak after entry 
of patient data) 
 

PROPOFOL Marsh 1.6 (effect site steered) t_peak = 1.600 / modified (Effect site) Marsh  
t_peak 1.6 (Anesthesiology 90:1502-1516, 1999) k41 = 0.456 / 
vc = .228 * mass  Remark: (k41 is recalculated to match t_peak after entry of 
patient data) 
 

PROPOFOL Marsh 4.0 (plasma site steered) t_peak = 4.0 / same as diprifusor k41 = 0.26 / vc = .228 * mass  
Remark: (k41 is recalculated to match t_peak after entry of patient data) 
 

PROPOFOL Paedfusor 1.08 TPeak (for paediatric- 
anaesthesia only > 3kg) 

t_peak = 1.08 / k41 = 0.91 (65sec) / vc = 0.400 * mass / 
corresponds to V1, (Heberto Muñoz, Cortinez)  Remark: (k41 is 
recalculated to match t_peak after entry of patient data) 
 

PROPOFOL Kataria (for paediatric-anaesthesia only > 
3kg 

available only on request 
 
 

REMIFENTANIL Minto k41 = 0.595-0.007 / vc = 5.1-0.0201  
 

FENTANYL Bergmann k41 = 0.148 
t_peak = 3.800 t_peak from Dr. Bergmann (Austria) 3min50sec 
/ vc = .105 * mass  Remark: (k41 is recalculated to match t_peak after entry 
of patient data) 
 

ALFENTANIL Maitre 
 

k41 = 0.77 (Scott & Stanski) / vc = .111 * 1.15 * mass; 
t_peak = 1.376 
(Maitre et al.: Anesthesiology 1987, 33:3-12. 
Shafer et al.: Anaesthesiology 1991, 74:53-63 
Remark: (k41 is recalculated to match t_peak after entry of patient data) 
 

SUFENTANYL Gepts k41 = 0.119 (Scott, Cooke, & Stanski) 
t_peak = 5.588 (Shafer/Varvel) / vc = 14.3 
Remark: (k41 is recalculated to match t_peak after entry of patient data) 
 

MIDAZOLAM Greenblatt k41 = 0.694 / vc = .73 * mass 
Anesthesiology 1998: 89.1418-29, 2012, Juan Capria) 

 
KETAMIN Domino k41 = 0.231; Dr. Navarrete, Havanna (Cuba) Dr. Albrecht, 

Domino EF et als, Clin Parmacol Ther. 1984; 36(5) 645-653 
t_peak = 1.62 / vc = .063 * mass 
Remark: (k41 is recalculated to match t_peak after entry of patient data) 
 

DEXMEDETOMIDINE Dyck (Neuroanaesthesia) t_peak = 1.600 / plasma only / vc = 8.0574 
Anesthesiology 78:821-828, 1993 

 
 

 







Thiopental
Diazepam

Atracurium
Cisatracurium
Rocuronium
Vecuronium

Hydromorphone
Morphine

Magnesium sulfate
Heparin
Protamine

Para	un	total	de	25	fármacos,	incluyendo	sevorane,	desflurane y isoflurane,	y	son	
mas	de	55	modelos	Farmacocinéticos.
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Methods for estimating keo
Unlike isoflurane, for which the brain concentration can be
estimated with reasonable accuracy by magnetic spec-
troscopy,13 14 there are currently no methods of directly
estimating the effect-site concentrations of i.v. anaesthetic
agents. The time course of changes in effect-site concen-
tration can however be estimated by recording a measure
of clinical effect and then used to generate an estimate of
the keo. Ideally, a combined pharmacokinetic–pharmaco-
dynamic (PK/PD) modelling technique should be used, in
which concomitant measurements of plasma drug concen-
trations and clinical effect are performed in a study popu-
lation during and after administration of a bolus, an
infusion, or a combination of the two. The result is a com-
bined model that estimates plasma and effect-site
concentrations.
When pharmacodynamic and pharmacokinetic data are

not available from the same subject group, then a
model-independent parameter called ‘Time to peak effect’

(TTPE) can be used to estimate the keo for a PK model
and patient group.17 After any bolus, maximal clinical
effects will occur when the effect-site concentration
reaches its maximum. Since transfer of drug between
blood and effect-site is gradient-driven, when the plasma
concentration is greater than the effect-site concentration,
net transfer is from plasma to effect-site and vice versa.
When depicted graphically, this peak occurs when the
effect-site concentration curve crosses the plasma concen-
tration curve, reaching a local maximum. TTPE is defined
as the time delay between a bolus injection and the peak
clinical effect. It is considered to be independent of the
size of the bolus dose.
The effect-site compartment is assumed to have negli-

gible volume. Hence uptake of drug into the effect-site
should have negligible influence on the plasma concen-
tration of a drug, so that the calculated plasma concentration
profile following an infusion of drug is identical for any
value of keo. With this assumption, determination of the keo
becomes a simple one-dimensional mathematical minimiz-
ation problem. This process is illustrated in Figure 3, in
which measured or estimated plasma concentrations (fol-
lowing a bolus dose) are plotted over time alongside an
observed measure of clinical effect. Different keo values are
then used to estimate the effect-site concentration. Smaller
keo values result in the estimated peak in effect-site concen-
trations being smaller and occurring later than if faster
(larger) keo is used. In this case, a keo of 0.38 min21 results
in a peak effect-site concentration at 100 s which matches
best with the observed maximal clinical effect.
A disadvantage of this approach is that it requires

precise observation of TTPE, whereas in real clinical situ-
ations noise and other factors make the observation of a
single ‘peak effect’ difficult. Rather than relying mainly
on one observation an alternative approach is to plot the
relationship between the measure of clinical effect and the
estimated effect-site concentrations arising from different

200

400

600

In
fu

si
on

 ra
te

 (m
l h

–1
)

P
ro

po
fo

l c
on

ce
nt

ra
tio

n 
(µ

g 
m

l–1
)

800

1000

1200

Cp, calc Marsh

Ce, calc Marsh

Infusion rate

0

2

4

6

8

10

12

0
0 5 10

Time (min)
15 20 25

Fig 1 Effect-site targeted TCI. At time zero the target is set at 3 mg ml21, at 5 min it is increased to 6 mg ml21, and at 10 min it is reduced to
3 mg ml21. At each target change the system manipulates the blood concentration to rapidly achieve the target effect-site concentration.

P
ro

po
fo

l c
on

ce
nt

ra
tio

n 
(µ

g 
m

l–1
)

Ce, calc Marsh keo 0.26
Ce, calc Marsh keo 1.2

2

4

6

8

10

0
0 5 10

Time (min)
15

Cp, Marsh required with keo 0.26
Cp, Marsh required with keo 1.2

Fig 2 Effect-site targeted TCI for propofol (Marsh model), showing the
effect of the choice of keo. If a slow keo is used, then a large overshoot in

plasma concentration will result when the target concentration is
increased.

Absalom et al.

28

British Journal of Anaesthesia 103 (1): 26–37 (2009) 















EFECTO

EFECTO

EFECTO

EFECTO



EFECTO

EFECTO

PLASMA

PLASMA













DE 

LA ACCIÓN
LA SIMULACIÓN

A 

Fuente.	Pacientes	H.A.X
Fechas:	23	y	24	Sept	2020

Ce Cp



 

 
 
 
 

 
 
 
 
 
 
 

MANUAL DE USO 
ANESTFUSOR SERIE II STANDARD 

Versión 2.6.2 
Revisión 1.0 

 
 
 
 

¿?



Caso	1	Ce



Caso	1	Ce



Caso	1	Ce



Caso	1	Ce



104	ml

Caso	1	Ce



Caso	2	Cp



Caso	2	Cp



Caso	2	Cp



Caso	2	Cp



Caso	2	Cp



categories, but, to our knowledge, propofol PK have not
been studied in critically ill ICU patients; thus, none of the

existing PK models applies to these patients.

5.5.2.1 Adult Population Many adult PK models for
propofol have been published. Large variability among the

model parameters can be found due to differences in study

design, drug administration profile and study population
used to develop the model [64]. Although numerous mul-

ticompartmental mammillary models exist, only two adult

models are commonly used in clinical practice for target-
controlled infusions (TCIs), namely the Marsh [65] and

Schnider [66] models.

In the Marsh model, the volumes (V1, V2, V3) are a linear
function of patient weight, while the intercompartmental

transfer rates (k12, k21, k13, k31) are constant. In contrast, the

Schnider model has fixed V1, V3, k13 and k31, and uses age
as a covariate in the calculation of V2, k12 and k21, and lean

body weight, sex, total body mass and height as covariates

of the metabolic clearance.
As indicated above, a benefit of the Schnider model over

the Marsh model is that it adjusts the dose and infusion rate

according to the patient’s age. This results in smaller bolus
doses administered by the TCI pump (on starting, or when

the target concentration is increased) in older patients,

which might improve haemodynamic stability. A disad-
vantage of the Schnider model is that the lean body mass

equation incorporated into the calculation of k10 can gen-

erate paradoxical values, resulting in excessive increases in
maintenance infusion rates in the obese [67].

In general, both models have acceptable performance in
daily practice, and the choice of model to use is predom-

inantly made based on user experience and the model

availability.

5.5.2.2 Obese Population Obesity is associated with a

number of physiological and pathophysiological changes

that can have a significant impact on drug PK. The most
important factors affecting PK in obese patients are chan-

ges in body composition, haemodynamics, regional blood

flow, and liver and kidney function [68].
Older propofol models, such as the Marsh [65] and

Schnider [66] models, were developed from studies

involving healthy adults with a limited range of weights.
Some practitioners still use the Marsh model [65] for TCI

propofol administration in obese patients [67], but instead

of inputting the TBW, they input an ABW calculated from
the TBW and IBW, and calculated as follows:

ABW ! IBW " 0:4 # TBW $ IBW% &:

where IBW is calculated as:

IBW ! 45:4 " 0:89 # HT cm' ( $152:4% &
" 4:5 if male% &

or more simply as:

IBW ! height cm' ( $100 if male% & or IBW
! height cm' ( $105 if female% &:

As mentioned earlier, in severely obese patients, the

LBM equation used in the Schnider model generates
paradoxically large increases in the k10, when the BMI

Fig. 2 Overview of a three-
compartment pharmacokinetic/
pharmacodynamic model
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Clinical simulation strategies for knowledge integration 
relating to initial critical recognition and management of 
COVID-19 for use within continuing education and health-
related academia in Brazil: a descriptive study 
Carolina Felipe Soares BrandãoI, Gabriela Furst VaccarezzaII, João Carlos da Silva BizarioIII, Aécio Flavio Teixeira de GoisIV
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INTRODUCTION
!e current global pandemic of coronavirus disease (COVID-19) has forced medical trainees 
throughout the world to suspend their clinical training and transition largely to online lectures. 
!rough removing trainees from clinical settings, medical program managers hope to reduce 
the risk of person-to-person spread of infection.1

Clinical simulation has the objective of replicating scenarios that are as close as possible to 
reality, in order to train healthcare professionals in diverse clinical situations that demand clin-
ical thinking, as well as simultaneous attitudinal and procedural abilities.2

Simulation-based medical education (SBME) is a tool within medical training that has quickly 
expanded in use over recent years and has enabled great advances. In particular, it has been lauded 
for its improvement of medical education, coupled with cost savings and protection of patients.3

Diverse simulated strategies can be used, depending on the expertise level of participants 
and the central objective at hand, as well as the availability of resources and specialists in the 
method and topic to be developed.2

Situations requiring extreme care, rare clinical cases and situations requiring emergency 
training are bene"ted through simulation strategies. !ese strategies take into consideration the 
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ABSTRACT
BACKGROUND: The COVID-19 pandemic has led to an immense need to develop training on case rec-
ognition and management, with a focus on patients’ and health professionals’ safety at several levels of 
healthcare settings in Brazil. Di!erent simulation strategies can be included in the diverse clinical care 
phases for these patients. 
OBJECTIVE: To suggest a complete simulation-based training program for Brazilian hospitals and/or aca-
demic institutions at this moment of the pandemic.
DESIGN AND SETTING: Descriptive analysis on possible simulated clinical cases using di!erent method-
ologies, thereby supporting suspected or con"rmed COVID-19 patients.
METHODS: This was a re#ective theoretical descriptive study on an educational program based on clinical 
simulation, with four practical phases at di!erent performance and complexity levels. Wearing, handling 
and adequately disposing of personal protective equipment, along with speci"c respiratory procedures in 
di!erent healthcare settings up to intensive care for seriously infected patients were addressed.
RESULTS: This program was designed for application at di!erent Brazilian healthcare levels through di!er-
ent clinical simulation strategies. Summaries of expected performance were suggested in order to stan-
dardize technical capacity within these simulation settings, so as to serve these levels. 
CONCLUSIONS: Developing training programs for situations such as the current COVID-19 pandemic pro-
motes safety not only for patients but also for healthcare workers. In the present context, clear de"nition 
of which patients need hospital outpatient or inpatient care will avoid collapse of the Brazilian healthcare 
system. Institutions that do not have simulated environments can, through the examples described, adopt 
procedures to promote didactic information in order to help healthcare professionals during this time.
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Phase 1
Clinical case: Patient K.G.R., 43-year-old female, with fever for 
one day, dry cough and headache. She goes to a primary care unit 
for treatment. 
• She says that she does not have any allergies or any routine use 

of medications.
• She says that she has not had any surgery or recent previous 

pathological conditions.
• Normal water and food intake.
• She has not traveled recently and has not been exposed to any 

international travelers.

Key points: Presence of fever is con!rmed; anamnesis and 
detailed physical examination are performed; previous records 
and current use of medication are investigated. 

Actions: Pertinent medication is prescribed; patient is advised 
to stay at home; no examinations using nasal and oropharyngeal 
swabs are requested. 

Simulation: A standardized patient or a simulator that is avail-
able can be used; primary care material practice.

Debrie!ng: Discussion should be focused on parameters that 
are not criteria for hospitalization and examination requests. 
Communication abilities are needed for e"ective and clarifying 

Table 1. Description of methodologies and content to be addressed during COVID-19 training
Methodology Context Objectives Topics to be discussed

Phase 1: Task trainer

Speci!c-ability manikins for 
handwashing, orotracheal intubation, 

peripheral and central access and 
intraosseous puncture

Fundamental procedural review from 
initial to critical care management

PPEs, indications, counterindications, 
good practice review, COVID-19 patient 

intubation care and the 
risks of noninvasive ventilation 

during transmission

Phase 2: 
Standardized patient

To be cared for within the primary or 
secondary healthcare system

Triage; initial recognition and 
management; and knowing the 

parameters and actions for patients 
who do not need hospitalization

General parameters, anamnesis and 
physical examination

Phase 3: Rapid-cycle 
deliberate practice

Simulator for cases of medium or 
high levels of complexity, for initial 

management in an emergency care unit

Recognition and management of 
patients who need hospitalization; 

symptomatic treatment and discussion 
of complementary examinations

Reassessment; discussion of ventilation 
for adequate support; making a 
prognosis; and transportation 

to critical care unit

Phase 4: Standard 
simulation

Critical care patients in 
an intensive care unit

Critical care; circulatory repercussions; 
and speci!c actions

Discernment of di"erences in relation 
to acute respiratory distress syndrome 

(ARDS); avoidance of excess volume and 
maintenance of negative balance

PPE = personal protective equipment.

Figure 1. Example of simulation in the emergency room. 
Orotracheal intubation within the speci!cations for COVID-19 
was performed.

Figure 2. Example of standard simulation. Critical patient with 
circulatory impairment in prone position.

Clinical simulation strategies for knowledge integration relating to initial critical recognition and 
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Conclusiones

• Pro
• Situaciones	nuevas,	poco	frecuentes	y	
complejas.
• permite	la	formación	de	los	médicos	
del	mañana	sin	poner	en	riesgo	a	los	
pacientes	de	hoy.
• brinda	la	oportunidad	de	alcanzar	la	
competencia	en	habilidades	difíciles.
• el	entorno	simulado	permite	a	los	
participantes	cometer	errores.
• los	elementos	difíciles	de	un	
procedimiento	pueden	practicarse	
selectivamente	una	y	otra	vez	hasta	
que	se	dominan.

• Contras
• Precio	y	el	acceso.
• no	todas	las	simulaciones	se	ejecutan	
en	tiempo	real.
• también	introducen	nuevas	formas	de	
error
• requerir	diferentes	conocimientos	y	
habilidades	en	la	materia
• igual	que	con	cualquier	herramienta,	
se	requiere	aprender	a	usarlo.
• estándar	de	alto	desempeño,	y	
dominios.	
• Tiempo.
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