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Summary

Simulation-based education is often highlighted as a method to prepare health personnel to handle clinical emergencies
through repeated training and the design of supports. As one of the most common clinical emergencies in anaesthesia,
anaphylaxis is often included in simulation scenarios at both graduate and postgraduate levels. Case reviews of
anaphylaxis management continue to identify deficiencies in clinical responses. We evaluated the evidence to support
the use of simulation to address these deficiencies. We undertook a comprehensive review of the MEDLINE and Embase
databases with MESH terms ‘Anaphylaxis’, ‘Anaesthesia’, ‘Simulation training’, and variations of these terms. Articles
were also searched from reference lists in the identified papers. A total of 39 articles on perioperative anaphylaxis
simulation were identified, with most focusing on the clinical skills of individuals. However, anaphylaxis scenarios are
also being used in assessment of teams and in the evaluation of broader system performance. Many countries mandate
simulation training and competency assessment at graduate and postgraduate levels: despite this, none of the articles
linked simulation training or assessment with improved patient management or outcomes. We found evidence that in
situ simulation and use of cognitive aids lead to improved teamwork and task performace. Quantitative and qualitative
evidence for simulation-based perioperative training is limited. Future studies should investigate whether simulation
training in perioperative anaphylaxis, particularly in situ simulation, translates into improved patient management and
outcomes.
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Perioperative anaphylaxis is an unpredictable life-threatening
condition with the potential of mortality and morbidity even
in young healthy individuals.” There is evidence that delays
in diagnosis and treatment with epinephrine are common
and lead to morbidity and mortality.' > Treatment has also
been assessed as inadequate for the grade of anaphylaxis in
some studies.”?® At the same time, overdose with
epinephrine is potentially life threatening, but much less
common.* Anaphylaxis also mimics other clinical scenarios
and can develop in any patient group.”™’

Simulation of anaphylaxis scenarios for training of in-
dividuals and teams has been used for many years with the aim
of improving the diagnosis and management of the condition
and, by extension, patient outcomes.>>#~'° This narrative re-
view focuses on the published evidence of the use of simulation
to address the deficiencies in management with the aim of
improving outcomes from perioperative anaphylaxis. The re-
view appraises the training and assessment of individuals and
teams, and the potential to enhance clinical processes.

Methods

We used the population, intervention, comparators, and out-
comes framework to formulate our literature search strategy
as follows:

(i) Population/problem: perioperative anaphylaxis management
(i) Intervention: application of simulation techniques,
including immersive and electronic
(iii) Comparators: other methods of education or process
improvement
(iv) Outcomes: evidence of strategies to address deficiency in
anaphylaxis management

A comprehensive literature search of MEDLINE and Embase
was undertaken using the terms ‘Anaphylaxis’, ‘Anaesthesia’,
‘Simulation training’, and variations of these terms from 1992
to 2018 (Supplementary Appendix S1). Further articles were
identified from the reference lists of these papers. The evi-
dence and quality of the papers were evaluated using the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE).'' Two authors independently rated the
articles; where agreement was not reached, a third author also
assessed the paper.

Results

A total of 41 relevant papers were identified describing the use
of simulation to replicate features of perioperative anaphy-
laxis. The consensus of the authors was that the articles were
broadly themed into three areas: (i) anaphylaxis simulation as
a component of anaesthesia training,'>'® (ii) anaphylaxis
simulation as a component of assessment and certifi-
cation,”®1°73! and (iii) anaphylaxis simulation as a method of
system evaluation and modification.?’">° The majority of the
studies in the review were observational (Supplementary
Table S1 describes and evaluates the quality for each of the
studies), and according to GRADE, the majority of these arti-
cles were of low or very low evidence because of bias. In the
GRADE terminology, evidence from randomised controlled
trials starts at high quality of evidence, whilst observational
studies start at low quality. Inherent elements in both cate-
gories might downgrade or upgrade the quality.

In addition to adult scenarios based in the operating room,
paediatric,”'**! regional anaesthesia,’>?*’ and PACU®%

scenarios were described. Most studies focused on the
training of individuals with only a few involving multidisci-
plinary teams.'>'>'%%0 Some studies focused exclusively on

anaphylaxis management training and assess-
ment; 1416194446 in several anaphylaxis was one of two sce-
12,15,23

narios, and in the remainder, anaphylaxis was one of a
number of potential scenarios utilised in crisis management
training.

Overview of included articles

In a 2001 study of 42 anaesthetists, none made the correct
diagnosis on a simulator during the first 10 min of anaphy-
laxis, and very few arrived at the correct diagnosis.'® Johnston
and colleagues’ studied 17 anaesthesia residents on rotation
to a children’s hospital managing a paediatric anaphylaxis
scenario. The average time to diagnosis was 7.6 min and time
to administration of epinephrine was a further 6.5 min. They
also noted that other important actions, such as starting chest
compressions at a low heart rate, were often missed. A failure
to diagnose anaphylaxis, omission or late administration of
epinephrine, and inadequate fluid resuscitation have been
observed by other researchers.??

Nyssen and colleagues'? compared the management of an
immersive anaphylaxis scenario by 40 anaesthesia residents
after either computer-screen-based simulation training or a
mannequin-based simulation training. Both methods reduced
time to diagnosis and increased the treatment scores signifi-
cantly, but there was no significant difference between the
two training methods.

Training in the actual clinical setting, or in situ simulation,
was noted to have potential advantages over training in a
purpose-built simulation centre. Several studies suggest cost
savings, enhancement of the learning as a result of familiar
surroundings, and identification of system safety issues when
simulation training is undertaken in situ.>?%>°

Minehart and colleagues®’ discussed improving debriefing
in order to focus the learners. They measured the quality of
the debrief by evaluating what items were discussed. They
showed that a 1 h intervention with the faculty improved the
quality of debriefing an anaphylaxis scenario. In particular, the
faculty was more likely to identify and explore performance
gaps and address non-technical issues, such as calling for
help.

Using a checklist and key action scoring for simulation
scenarios, Murray and colleagues®! found a correlation be-
tween clinical performance and education and clinical expe-
rience. The creation of a set of grading checklists, including
one for anaphylaxis by a group of anaesthetists, intensivists,
and educators with simulation education, training, and
research experience, was shown to reliably assess the simu-
lated management of clinical crisis scenarios. A group of non-
expert raters were trained to use these checklists and evaluate
the role of a team leader in a simulated video. This study
generated evidence of reliability and content validity of the
assessment checklists. Furthermore, the non-expert raters
agreed with the assessment of the experts the vast majority of
time.”’

In Canada, a team of simulation educators representing all
residency programmes developed a set of consensus-driven
scenarios. The assessment was by specific checklists created
via a modified Delphi technique, anaesthetic non-technical
skills, and a validated global rating scale.’® The American
College of Surgeons/Association of Program Directors in
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Surgery utilises a three-phase simulation-based curriculum:
core skills, advanced procedures, and team-based skills. Rao
and colleagues®® assessed the implementation of the third
phase, team-based skills, in an in situ setting of the operating
theatre. A multidisciplinary team of junior surgeons and
anaesthetists, anaesthesia technicians, and operating room
nurses were evaluated utilising the NOTECHS 1I scale.”! The
non-technical skills of all teams improved between two
different scenarios after a systematic debriefing by surgery
and anaesthesia faculty and an experienced simulation
educator.

Several studies examined whether monitor interfaces or
computer-aided decision support, such as ‘smart monitors’
that interpret physiological patterns, could help make the
diagnosis earlier. Results from these studies were mixed. Two
studies suggested either a different visual display or vibro-
tactile alarm improved the time to respond.®*3* Further small
studies differed, showing a reduced time to act or no differ-
ence when smart monitors were used during simulated
anaphylaxis events.*>*° Similarly, Berkenstadt and col-
leagues®® found a reduction in epinephrine dosing errors
during a simulation scenario when a point-of-care electronic
cognitive aid was used. Several studies showed benefits when
cognitive aids were used during anaphylaxis management by
preventing omission of key steps and improving teamwork
and safety culture.***>%% In a series of studies, Schulz and
colleagues®’ ~3**observed the visual scanning patterns,
attention, and workload of experienced anaesthetists in crises,
such as intraoperative anaphylaxis. They found a correlation
between increased workload and clinician heart rate and pupil
diameter, and that experienced clinicians paid more visual
attention to patient signs than the monitor. These observa-
tions suggest that stress in the simulation environment is
realistic compared with the actual clinical setting, and can be
measured.”’ 394

Discussion
Anaphylaxis simulation as a component of training

Simulation for training of junior anaesthetists and nurses in
the management of perioperative emergencies is well estab-
lished. A recent meta-analysis found evidence of moderate to
large statistically significant effectiveness for knowledge,
skills, and behaviours when comparing simulation-based
training in anaesthesia to no intervention.”” This review con-
cludes that non-technical team skills, and technical skills in
anaphylaxis management, can be learned, but the optimal
method of training is not yet clear. Multidisciplinary training
recreates the social aspects of the work environment more
faithfully and, as a result, the non-technical skills required to
manage anaphylaxis are highlighted. Therefore, at least some
of the simulation training in anaphylaxis should include a
component that addresses team dynamics with all team
members present, as it is a common cause of failure during
anaesthesia crises.”">

The optimal level of physical realism of the simulation is
not yet known, and may indeed be different for various as-
pects of training and experience levels. Recent educational
literature suggests the characteristics, such as physical
resemblance of a simulator, are of lesser importance than
how the entire simulation presents important aspects of the
scenario.”® The latter is described as ‘functional task

alignment’, and it may make some aspects of the simulation
‘hyper-real’ and improve the signal-to-noise ratio for the
learners, particularly junior clinicians. In contrast, a strong
focus on accurate physical representations may introduce
irrelevant distractors that divert attention from the primary
goal of the simulation.>* Simulation training is usually un-
dertaken in simulation centres that have the advantage of
special equipment, specialised staff, and a lack of clinical
interruptions. However, there may be advantages by situ-
ating the learning in familiar surroundings when simulation
training is undertaken in situ.?*2%°°

This review yielded small studies with limited quantitative
evidence for the effectiveness of simulation training in
addressing the deficiencies noted when reviewing periopera-
tive anaphylaxis incidents. As similar deficiencies were
observed during simulation training and assessment, it is not
possible to recommend the type of equipment or educational
approaches to utilise. The structural properties of the simu-
lator and the location of the simulation should be determined
by the learning objectives, in conjunction with logistic and
cost constraints. We would encourage research comparing
different anaphylaxis simulation strategies focusing on non-
technical skills, and diagnosis, timely administration of
epinephrine, and fluid resuscitation.

Anaphylaxis simulation in assessment and
certification

Competency assessment in anaphylaxis simulation has
evolved from non-validated checklists® to validated broadly
based assessment of technical and non-technical
skills.?®29°>°¢ This has led to the use of simulation for
assessment and training, and several countries now mandate
simulation training and assessment of medical students,
anaesthesia trainees, and consultants. The Accreditation
Council for Graduate Medical Education Residency Review
Committee for Anesthesiology (Chicago, IL, USA) expects res-
idents to participate in at least one yearly simulated intra-
operative clinical experience, anaphylaxis being one of
them.”” A formal debriefing mechanism is expected so that
residents can receive a competency-based outcomes assess-
ment. The American Board of Anesthesiology includes a
practice performance assessment and improvement in the
Maintenance of Certification program.*® In the drive towards a
competency-based training system in Canada, the Canadian
National Anesthesiology Simulation Curriculum has
mandated a simulation-based competency assessment of
trainee anaesthetists, which has been successfully
implemented.”®

Since 2013, the Australian and New Zealand College of
Anaesthetists (ANZCA) has required anaesthesia trainees to
complete a 2.5 day simulation course, called Emergency
Management of Anaesthesia Crises.”® Anaphylaxis is also one
of four emergency responses (along with major haemorrhage,
cardiac arrest, and cannot intubate, cannot oxygenate emer-
gencies) that ANZCA has mandated every fellow must study
every 3 yrs.6O

In summary, given the results of the aforementioned
studies and national programmes, performance in a simulated
environment is being used for summative assessment during
training and continuing professional development. Further
research is needed to ensure that the testing and scoring
systems used translate into an improved performance of
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clinical teams, decreases in deficiencies identified when
reviewing anaphylaxis incidents, and improved patient
outcomes.

Anaphylaxis simulation as a method of system
evaluation and modification

Simulation can be used not only to improve and assess the
education of the practitioners, but also to understand how the
environment and processes can be modified to support clinical
staff faced with a severe allergic reaction. The first step in
improving the processes that deliver care is to understand the
system itself and identify common failures that can be
addressed. This can be achieved by reviewing previous in-
cidents or by observing in situ simulations.®® The advantage of
the latter approach is that uncommon events, such as
anaphylaxis, can be replicated and observed in a controlled
setting without risks to patients. Furthermore, there may be
actions being undertaken by experienced clinicians that pro-
actively improve safety (or create resilience) that had not
previously been imagined and could be incorporated into
future guidelines.®?

A further potential benefit of in situ training may be that
clinical staff learn where vital pieces of equipment are located.
The training may also prompt the identification of system
improvements, such as the contents and positioning of an
anaphylaxis emergency box, as suggested by the 6th National
Audit Project audit.” This has parallels with the in situ obstetric
simulation training implemented by Draycott and colleagues®
in Bristol, UK. In situ training of whole teams and process
changes led to an improvement of perinatal outcome mea-
sures, such as Apgar scores and a halving of the rate of hypoxic
ischaemic encephalopathy. A similar prospective study
examining patient outcome measures would be difficult to
implement for anaphylaxis because of the rare and unpre-
dictable nature of the event. However, correlation of patient
outcome measures after a reaction with access to simulation
training would be possible.

Simulation has also helped the development of new tech-
nologies to improve diagnosis and treatment, some of which
show promise, 3244349

In addition, often overlooked aspects of the ability to
manage complex emergencies are organisational factors,
such as rostering and staffing. The effect of sleep deprivation
on the management of simulated crises has also been eval-
uated using simulation. Acute sleep deprivation of anaes-
thetic trainees (one night without sleep) not surprisingly led
to impairment in the medical management of anaphylaxis
and another anaesthesia crisis.>*> One method of counter-
acting some of this degradation in performance is the use of
cognitive aids, such as anaphylaxis checklists, which have
been demonstrated to improve medical care in a simulated
clinical environment.*?

Anaphylaxis simulation to design decision support

There is now little doubt of the benefits of cognitive aids to
supplement simulation training for improving teamwork and
task performance.*?#24647:48 gimylation has played a key role
in how these cognitive aids are presented and in their devel-
opment. Many of the key research papers examining the use of
cognitive aids in anaesthesia have included anaphylaxis in
their testing. In particular, the design of cognitive aids has

recently undergone some examination using simulation, with
more simple, linear designs being preferred over complex
branched algorithms. Furthermore, computerised aids often
appear more difficult to use during emergencies than pa-
per.®5> One of the main problems of cognitive aids is having
them immediately available and remembering to use them.
Simulation training may also play a key role in educating
anaesthetists on when and how to use cognitive aids, thus
improving the performance of teams more than just simula-
tion alone.®*%8

Simulation of anaphylaxis emergencies cannot only pro-
vide training and ensure minimum standards, but can also be
used to design a supportive environment and processes,
facilitating improved clinician performance. We recommend
that future simulation studies be undertaken, aimed at
examining the effects of system changes on patient
outcomes.®

Limitations

Whilst this review has covered the published literature on
simulation and anaphylaxis, there may be relevant literature
published on simulation and other perioperative crises. This is
partly addressed by the inclusion of a 2014 systematic review
of simulation training in anaesthesiology.””

Conclusions

Perioperative anaphylaxis is used widely as a scenario in
simulation training and as part of competency assessment.
Although we did not identify studies linking training, assess-
ment, and system performance to improved management of
anaphylaxis or patient outcome, this review found evidence
that in situ simulation and the use of cognitive aids lead to
improved teamwork and task performance. Simulation
training, assessment, and research should focus on assessing
solutions to management deficiencies. We recommend a shift
in research priorities towards in situ simulation to improve
team and system performance rather than focusing on the
behaviour of individuals. This will not only address process
and equipment issues in the clinical setting, but also support
and enhance existing simulation education.
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Supplementary Online Table 1. Summary and GRADE Rating of included studies in the same order as the Results Section of Manuscript

GRADE Certainty1

Quality of Evidence and Definitions

High Quality

Further research is very unlikely to change our confidence in the estimate of effect.

Moderate Quality

Further research is likely to have an important impact on our confidence in the estimate of effect & may change the estimate.

Low Quality

Further research is very likely to have an important impact on our confidence in the estimate of effect & is likely to change the

estimate.

Very low Quality

Any estimate of effect is very uncertain.

Anaphylaxis Simulation as a Component of Anaesthesia Training

Reference

Study design

Number of
participants

Outcome measure

Conclusions

Comments

Quality

GRADE certainty ratings
V low/Low/Moderate/ High

Nyssen 2002°

Nonrandomised
study comparing
mannequin with
screen-based
simulator training
either same
scenario or
different scenario
with 2™ scenario
1 month later

40 anaesthesia
trainees

Compared Score for
initial and 2™
scenario

Time to diagnosis

Scoring significant

increase on second

scenario
irrespective of
method of
simulation.

Time to diagnosis
reduced.

Subjects selected to
have similar results in
previous anaesthesia
exam.

Subjects rejected if
clinical experience of
anaphylaxis.

Change in time to
diagnosis only 1 min.
Overlap of confidence
interval for scored but
reduced variability 2™

Non-random allocation
subjects

Blinded assessor.
Non-validated scoring.
Clinical significance of
change in score and
time to diagnosis
uncertain.

Low

McPherson
2013

Conference
abstract
Needs analysis
followed by
simulation
training in situ

25 staff across
range of OR staff

Subjective
assessment of
course by
participants

Regular in situ
programme
continuing

Used as example of
multidisciplinary
simulation in situ

Conference abstract
Limited information
Descriptive only

Very low




Miller 2013* Conference 25 trainees of Score immediately Simulation group Limited information Conference abstract Very low
abstract mixed and at 2 weeks scored higher Limited information
RCT background immediately and at Descriptive only
Effect of either including 2 weeks
simulation or anaesthesia,
lecture-based critical care,
education on immunology
paediatric fellows,
anaphylaxis on
written
assessment on
immediately and
at 2 weeks
Vedwan Conference Multidisciplinary | Satisfaction of Limited precourse Limited information Conference abstract Very low
2013° abstract team participants exposure to formal Limited information
Observational teaching Descriptive only
study of High levels of
multidisciplinary satisfaction with the
simulation in OR course
of LA toxicity and Continued in situ
anaphylaxis education
continued.
Mason 2013° | Observational 169 nurse Evaluation of course | Course highly rated Descriptive study of Very low
study with participants from | by participants. course development.
description of variety of critical | Description of
development of care course
anaphylaxis backgrounds development.
scenarios using
multidisciplinary
team.
Minehart RCT 71 subjects from | 6 elements of Intervention group Anaphylaxis in patient Cochrane Risk of Bias Moderate
2014 Effect of 1 hour 5 academic Behaviourally significantly better with HOCM was the tool
educational hospitals Anchored Rating maintaining a safe scenario used. Random sequence L

intervention on
the quality of
feedback in a
standardised
simulated case of
anaphylaxis.

Scale

environment
P=0.001;
Identifying and
exploring
performance gaps
P=0.048; more
frequently error of
failing to call for
help P=0.008

Allocation conceal U
Blinding participants U
Blinding outcome
assess L

Incomplete trial data L
Overall rating L

L=low

U=Unclear

H=High




Kovatch
2017°

Conference
abstract
Description of
integrated
otolaryngology-
head & neck
intern training
with head and
neck
anesthesiology
training.

Otolaryngology
head and neck
interns and
anaesthesiology

No outcome
measures

Recommend further
evaluation of
simulation as part of
training

Limited information
Anaphylaxis one of the
simulation components
Primarily surgical
program

Conference abstract
Limited information
Descriptive only

Very low




Sthsdatibanas a Comg ehis e icatigh correlation of Not all scenarios equalin | Observational study Low
Reference Study #e&ighng NumBsr of emem@cméaaur@ EBREMSIBRY stems. | EBRIRAEAESItY Budligyrrelation of 4 | GRA i
Correlation of 4 paFrticipants Correlation 6 scenarios with only 1 scoring systems V lowfE5W/Moderate/
scoring systems: between scores and | postoperative High low/Low/Moderate/
lohnston %m@mgé to Time to dingnncic (Adlresidpnts fime to Qbservational chlr‘l\’/ Low HI8h
m‘ﬁma Q@ﬁ@c&%h%nﬁey ZAJ&%\&?@mgy feneetpipshrine EQB@?&Q@ better a HB@E%ECSH?rﬂH%ter Conference abstract. Very low
2009" bbal F@§|Q@H{§ 23 & EWMI%@&F ' ﬁ%\'@@mtl” Ihglng Observational study onlly
},e%&asgisur.ng gepths Haeiediareclhs | RAREIRYL to W%Ya@ﬂ% commenced
BRAAERSRAR B2 Barticipant gishprRmead good | NonvalRrird skaTing
Berkenstadt DdRkTronal 31 anaesthetic NIt scoring PEbitETEre higher bf@ﬂ‘é‘??ﬁﬁlﬂﬁerns of Observational study Low
20051 snaRPItEEmine-if—|trainees system-{sarme ﬁ.c?_?raapﬁeameef deficits in-management—|in-simulation
Everett Rimslaiiong 0 trainees ?ylg’t%?naa@dsﬁnﬁfﬁ"“ UBhACBIES R us | REFENILIMIANE to QS%%K%%%‘%PSK Low
2013 RIS, § 3% {%‘?Eéydﬁoertbo"h AripgARYA R give
Chopra 94" ﬁﬁ&%ﬁ“laﬁ.s could | 28 anaesthetists | Score for initial %@3@&&%9@'@ ApirripHsxie (56%pand Method of allocation | Very Low
@Qéérﬂ‘ gfrating | g trainees anaphylaxis MRS improved MH iniéRl peated|sieenario not described.
SeAShRent of scenario, é&:‘ﬁﬂg@f raters eadyiscitation (45%) Blinded assessors.
%?H%MH cf. undertaken prior to 5ﬁ§ﬂﬁ9l£9f5 training | Assessed as individual. Scoring system not
Cicarelli W%ﬁal 17 tcningotempesed | BRSHR Bi&d time to madrednT Pdrudsese | wdigriedonly Very low
2005 E,E%@ﬁﬁ anesthesiology withseperdarddH | fent by description Biseiablias i d
McEvoy SOsehvALgEsh 4 expstsaters Ghrgkne for inter- graded chesklists, BIRRAPEIRA MR Of Olhsewaicn 57”dy Moderate
2014 AN GRIIRIBE | & DRDSIRSTIogy | Fater agreement fRUNdLoPL ¥plidro, | BRUMERTARBYIRN time | panerBohintbided
thageypirment | [medjcplstudent) 08 58iaRISMrrend | to response uncertain. | ferRssisting.
W’i@%nd raters B1Y5iEHeR scores for
Jacobsen ehreilsisdnrap 42 anaesthetists | Time to diagnosis RS ILARIAHNE SRS | correct management Observational Low
2001" §icrm\}atcion and nurse ACRM score BRRRRDE ithin not instituted apart from
scenarios by . anaesthetists Aymiotdes only IV fluids
Murray erts ?(')'r?a ed working in teams | 2 checklist rating AlRtteltbsayrages Not all scenarios equal in | Observational study Low
2005 ty and ghésthesiology systems witFeigRdtin case difficulty in simulation.
Schwid Saq'”g prgsiveniisd@s | Ewdidaltiatieg scoring | Seares iasidased gignificanisnatiageiyent | Nbsenvasiensistwdy | Moderate
2002" SQ%FS partigipating system vothgsaedng junior | peficdiscevenat the end in simulation.
%‘%ould insdisttietists and nurse ehsishiplagiincluding No Randomisation
Eféﬁgség S anaesthetists. failure to identify
ggg\éﬁ%ﬁ\gfws Small rater variance | anaphylaxis (34%), give
afhaééé'lﬁwtw@ Largest variance epinephrine (29%) and
sedidatoshe due to nature of inadequate fluid
scoring systems. scenario. resuscitation (64%)
Reference Study design Number of Outcome measure | Conclusions Comments Quality GRADE certainty ratings

participants

V low/Low/Moderate/
High




Reference Study design Number of Outcome measure | Conclusions Comments Quality GRADE certainty ratings
participants Vlow/Low/Moderate/
High
Chiu 2016°° Special Article 114 residents Global rating Scale Program developed | Consensus development | Descriptive paper Moderate
describing the use as primary using Delphi of competency-based National simulation
development, assessment tool consensus and high | simulation assessment competency development
implementation with scenario acceptance of across Canadian
and evaluation of specific checklists program by Anaesthesia training
Canadian National residents program
Anesthesiology
Simulation
Curriculum
Burgess Description of Surgical, OR and Pre and post Improved scores Descriptive Conference abstract Very low
2016 Simulation course | PACU nursing simulation testing and high level of multidisciplinary and in Limited information
in situ in PACU and anaesthesia showed satisfaction and situ.
and OR of local staff. improvement in modification to
anaesthesia knowledge didactic teaching
toxicity, tension Satisfaction survey program.
pneumothorax of staff involved
and anaphylaxis.
Rao 2017% Observational 8 surgical NOTECHSs II Increased NOTECHs | Part 3 of American Observational study Low
study of residents assessment of team | score on second College of Surgeons
nontechnical skills | 16 and individuals scenario. simulation-based
of anesthesiology comparing first and | Inter-rater reliability | curriculum focussing on
multidisciplinary residents second scenario. only modestly team-based skills.

teams as assessed
by in situ
simulation
scenarios

16 OR nurses
13 anesthesia
technicians

Checking for inter-
rater agreement
Participant opinion
survey

significant for total
team score and
nursing subteam.
Opinion survey of
participants high
level of preference
for in situ over
simulation centre
based scenarios

4 different scenarios one
being anaphylaxis
In situ simulation




Anaphylaxis Simulation as a Method of System Evaluation and Modification

Reference Study design Number of Outcome measure | Conclusions Comments Quality GRADE certainty ratings
participants Very
low/Low/Moderate/
High
Neuschwander | RCT examining 20 trainee Anaesthetists Non- | Sleep deprived No difference in Randomised study with Moderate
20177 the effect of sleep | anaesthetists Technical Skills anaesthetists have technical skills observed | between group
deprivation on (ANTS) score lower teamworking comparison.
non-technical scores and overall
skills during an ANTS scores
intraoperative compared to rested
anaphylaxis group
scenario
Arzalier-Daret | RCT examining 48 trainee Performance scores | Sleep deprived Specific mention of Randomised crossover High
2018* management of a | anaesthetists in each of two anaesthetists incorrect epinephrine trial between sleep
cardiac and scenarios one being | committed more dose as an error being deprived and rested and
anaphylaxis anaphylaxis errors and scored more likely (7/24 versus | two scenarios.
scenario in rested lower than rested 1/24, p=0.01)
and sleep ones
deprived states.
Blike 99%° RCT 11 anaesthetists | Time and accuracy A graphical display Repeated measures, Low
Effect of a novel of identifying state format led to more within subjects design.
monitor display in and aetiology of accurate and rapid Objective measurement
identifying five shock from graphic | diagnosis of from computer recorded
causes of shock or numeric display anaphylaxis responses.
including formats Screen based simulation,
anaphylaxis not a realistic setting.
Ford 2008%° Simulation-based | 24 trainee and Time to epinephrine | Use of the The display was Randomised. Moderate

RCT to determine
if a vibrotactile

specialist
anaesthetists

administration

vibrotactile display
reduced the time to

introduced to the
intervention participants

Explanation to the groups
was not equivalent.

display could delivery only as a monitor of
improve detection epinephrine from peak airway pressure.
and management 7.22t0 4.08 This may have biased
of intraoperative minutes them to expect a change
anaphylaxis in this variable.
Reference Study design Number of Outcome measure | Conclusions Comments Quality GRADE certainty ratings
participants Very
low/Low/Moderate/
High
Berkenstadt Screen-based 48 trainee and Knowledge score A significantly Screen presentation of Randomised. Low
2010% simulation with or | specialist (derived from higher number of the information does Blinded.




without an
electronic help
system to
complete a series
of questions on 12
clinical scenarios.
One of which was
anaphylaxis to
latex

anaesthetists

Delphi process)

junior clinicians
made “potentially
life-threatening
mistakes” when not
using the aid (41%
versus 9%)

not reflect how clinical
decisions would
normally be made.
Authors suggest the
system could be
distracting during an
actual event.

Within and between
subject comparisons

Allen 2012°® Observational N/A Number of Following The implementation of Conference abstract. Very low
study to cognitive aids simulation training simulation training has a | Observational study only
determine the available to 5 the operating significant effect on the
number of anaesthetic theatres and availability and use of
accessible emergencies anaesthetic rooms cognitive aids in the
cognitive aids in including had a higher clinical setting.
an operating anaphylaxis number of cognitive
theatre suite aids present

Schulz 2011a*° | Observational 15 trainee or Eye tracking path Pupil size and heart | Visual attention patterns | Observational. Low
study examining specialist patterns rate are related to can aid training and Cross-over with
eye tracking of anaesthetists workload in a monitor design. randomisation to no
junior and senior simulated The study was limited by | critical incident or
anaesthetic anaphylaxis event the limitations of the anaphylaxis as first
trainees or plastic mannequin in not | scenario
specialists during being able to represent 6 of 22 cases had no
a simulated skin changes. recorded data due to
anaphylaxis technology failures.

Schulz 2011b* | Observational 15 trainee or Pupil diameter, Increased workload | Same group as Schultz Randomised cross-over Low

study examining
eye tracking and

specialist
anaesthetists

heart rate

can be reliably
measured and is

2011a. Suggests stress in
simulator is realistic

trial with same group as
Schultz 2011a

workload of increased during compared to the actual
anaesthetists simulated clinical setting. Can be
during a anaphylaxis used to measure effects
simulated of interventions.
anaphylaxis
Reference Study design Number of Outcome measure | Conclusions Comments Quality GRADE certainty ratings
participants Very
low/Low/Moderate/
High
Schulz 2011 Observational 15 trainee or Experienced Same group as Schultz Randomised cross-over Low
! study examining specialist clinicians pay more 2011a. Suggests stress in | trial with same group as

eye tracking and

anaesthetists

attention to patient

simulator is realistic

Schultz 2011a




workload of signs than the compared to the actual
anaesthetists monitor clinical setting. Can be
during a used to measure effects
simulated of interventions.
anaphylaxis

Ziewacz
2011%

Randomised study
to determine if a
cognitive aid
improved care in
8 emergencies
including
anaphylaxis

2 teams (11
participants)

Number of critical
processes omitted

Reduction of critical
processes omitted
from 11/46 to 2/46

Pilot study with only two
teams

Method of randomisation
to cognitive aid or no
cognitive aid not clear.
Same order of scenarios
may have led to a learning
effect.

Moderate

Ng 2012*

Observational
study to
determine
preparedness for
5 paediatric
anaesthetic
emergencies

Interviews with
25 staff members
including 13
anaesthetic
trainees and
specialists

Equipment,
cognitive aids and
knowledge about 5
emergencies
including
anaphylaxis

Suggested
multidisciplinary
simulation to
improve
preparedness

No data are given to
support the assertion
that multidisciplinary
team training could be
valuable.

Observational

Very low

Arriaga
2013*

RCT examining the
effect of
emergency
cognitive aids

17 clinical teams
(n=67
participants)
undertaking a
total of 103
scenarios

Failure to perform
critical steps during
simulated
perioperative
emergencies
including
anaphylaxis.
Acceptance of
cognitive aids

Reduction in critical
steps omitted when
a cognitive aid was
used.

Nearly all
participants (97%)
stated they would
use cognitive aid

Teams did not include
surgeon.

Groups of scenarios
undertaken together
which may have
introduced bias from a
learning effect.

Team stayed the same
through all scenarios

Moderate




Reference Study design Number of Outcome measure | Conclusions Comments Quality GRADE certainty ratings
participants Very
low/Low/Moderate/
High
Gorges RCT comparing 20 trainee and 15 | Time to identify the | Reduction in time to | Five scenarios excluded Scenarios randomised and | Moderate
2013% smart monitor specialist event and initiate diagnose and treat due to technical crossover with some
with routine anaesthetists. treatment. event. problems. scenarios with and some
monitor Undertaking Workload during without the smart
three scenarios the event monitor.
each with No external validation of
respiratory the scenarios outside of
abnormalities the researchers’ group.
including
anaphylaxis
Lonsdale Observational Total of 45 Awareness of All staff were aware | Despite strong results of | Conference abstract Very low
2014%* study based on a participants emergency of the protocols. good awareness the Observational only in a
case of including 10 protocols and Nurses and doctors | authors suggested single institution.
anaphylaxis being | anaesthetists, 6 cognitive aids in the | have improved signage and
presented to staff | surgeons, 1 operating theatre complementary the use of regular
in their place of junior doctor and | environment skills during clinical emergency drills.
work 25 nurses and emergencies
others
Schulz 2014*" | Observational 4 inexperienced Relationships Under-reporting of Workload can be Observational. Very low
study looking at and 8 between pupil size, | workload by assessed from multiple Limited sample
visual attention experienced heart rate and experienced sources to help improve
during a anaesthetists workload clinicians but good design
simulated correlation with
anaphylaxis heart rate and pupil
size
Marshall RCT examining the | 24 anaesthetic Team scoring When teams used No technical Randomised, crossover High
2016* effect of two teams from 3 system. the linear design of | performance difference study.
designs of institutions (72 Performance score cognitive aid the were identified. Used team of senior and
cognitive aid on participants) team work score junior anaesthetist and
team was higher than a anaesthetic nurse as
performance branched design, or would be normal in the
during a no cognitive aid. clinical setting.
simulated Several Australian
anaphylaxis case hospitals included.
Reference Study design Number of Outcome measure | Conclusions Comments Quality GRADE certainty ratings

participants

Very
low/Low/Moderate/
High




Goldhaber- Survey of trainee 76 anaesthetic Survey of use in More likely to use Survey of a single Low
Fiebert anaesthetists to trainees clinical emergencies | cognitive aids if institution.
2016% determine including previously used in a

barriers to anaphylaxis simulation setting

cognitive aid use
Lelaidier Randomised 46 anaesthetic Completion of Improved technical Of the 92 testing Single institution. Moderate
2017%° controlled trial. trainees management items and non-technical scenarios, 17 were Randomised, crossover

Each participant and Non-Technical performance with a | intraoperative study with another clinical

allocated to two Skills using a global cognitive aid. anaphylaxis emergency

scenarios of five, rating scale

one with and

without a

cognitive aid.
Marchant Investigation of 10 anaesthetists | Time to diagnose No difference 8 of the 10 participants Conference abstract Very low
2018" the use of a smart and need for between groups believed the system Single centre,

monitor to prompting during with smart monitor | would be advantageous randomisation and

prompt diagnosis scenario. and normal monitor experience of participants

in anaphylaxis and not stated

malignant

hyperthermia
Alidina Survey to 368 respondents | Associations Structured roll-out Only institutions Low
2018" determine the (including 311 between health of cognitive aids downloading the

uptake by health
services of
emergency
cognitive aids
including for
anaphylaxis

anaesthetists)

service
characteristics and
cognitive aid
implementation.

that includes
leadership
engagement and
time for training

anaesthesia emergency
cognitive aids from the
website were included,
potentially biasing the
sample
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Supplementary online Appendix 1. Research Strategy

With the assistance of a reference librarian we searched Ovid MEDLINE(R) and Embase
(Ovid) 1974 to October 08, 2018. The research strategy utilised the terms for intervention

} [Identification ]

] LScreening

(e.g. simulation), topic (e.g. anaphyl*) and population (e.g. anaesth*)
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