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In this issue, Boet and colleagues investigatd sddiéntion after high-fidelity simulator
training for percutaneous cricothyroidotomy insemti*. This is an infrequently
performed procedure particularly susceptible tmrerA recent study by Cook and
colleagues found a 75% failure rate (six out ohgign performance of the procedure in
UK intensive care units and emergency departnferfiailures were related to a lack of
training and technical difficulties. A key recomndation to improve performance was
using high-fidelity simulation to teach trainees recognise the key physical patient
landmarks associated with cricothyroidotomy inserti The findings by Boet and
colleagues lend weight to this solution. They foumttending anaesthetists to retain
cricothyroidotomy crisis management skills for updne year after participating in a
single cannot intubate, cannot ventilate (CICV)nse®. In a post-training event (either
six months or a year after initial training) attergl anaesthetists recognised scenarios
where percutaneous cricothyroidotomy insertion weglired, and applied the relevant
knowledge and procedural skills for managing thieasion. A number of explanations
are provided to account for this retention of skilfhese include the high-fidelity nature
of the training scenarios, the involvement of fullsained anaesthetists, and the
memorability of training episodes. Developing tlaist point, Boet and colleagues invoke
episodic memory theory to understand skill retenti&pisodic memory theory was
proposed by Endel Tulving and it refers to the ability of humans to rememased

consciously re-experience past events from thesleither at will or on prompting

As indicated above, high-fidelity simulator traigiprovides anaesthetists opportunities

to develop their technical and non-technical skils managing rare and dangerous
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scenarios. It provides a safe multidisciplinaryriéag environment, and depending on
training objectives, simulators can replicate ac#easpect of a clinical task or an entire
working environment. However, for simulator training to be successanaesthetists
must behave similarly in real and simulated enviments, and it is essential that training
scenarios and the tools used to measure performaneereliable and valicf.
Furthermore, if high-fidelity simulation is to reygle elements of class-based teaching in
anaesthesia, it is also necessary to consider himight enhance learning and practice
The cognitive psychology literature has much t@ofh this respect, and as indicated by
Boet and colleagues episodic memory is especially relevant. Througgntifying the
psychological mechanisms and aspects of simul#tiansupport learning and practice in

anaesthesia, we can optimise the design of highitiydsimulator training.

Episodic memory and high-fidelity smulation

The episodic memory system represents a holistoroagh to understanding human
memory, and it relates to the encoding, storage ramieval of information learnt during
personally experienced situations and evérEpisodic memories are centred on the self,
with information on context (e.g. the situationdarontent (i.e. what was done or learnt)
of an experience being linked together. Recallingepisode’ can involve bringing to
mind a vast range of information associated with ewent, for example visual
characteristics, smell and taste, emotional andsiphly sensations, behaviours
undertaken, and knowledge learnt. Experimental lpdpgy and neuropsychological
research shows episodic memories to be createdighrthe medial temporal lobe

‘binding together’ the various neurological tracésan episod€ & The left pre-frontal
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cortex is important for encoding and storage, &edright pre-frontal cortex for retrieval.
An event need only be experienced once for infolonadssociated with it to be encoded,
stored, and made retrievable, with the detail andth of retention depending on factors
such as event significance, uniqueness, and menebisarsal. Depending on memory
encoding and storage (e.g. prominence in one’s naissbciations between elements of a
memory), memories can be retrieved at will throghmental search and retrieve

strategy, or by a prompt that automatically ace#ganemory recall.

Due to the experiential nature of high-fidelity silaor training, episodic memory
appears relevant for understanding learning. TWyiauring simulation, anaesthetists
perform sensemaking activities to understand a-imged and realistic event. They
employ technical and non-technical skills to mansgenarios and cooperate with team
members, and the knowledge and skills learnt tHrdtagning is contextually bound to a
specific situation (e.g. cannot intubate, cannattilete scenarios). Similarly, episodic
theory posits that episodic memories bind togetihecontext (e.g. scenario) and content
(e.g. knowledge learnt) associated with an everimbrty retrieval is enhanced when the
cues of the recall environment are similar to thiosthe learning environmerit A key
advantage of simulator training is that it helpsesthetists to develop knowledge and
skills for rarely seen scenarios. However, if bebasal strategies have not been learnt to
a degree whereby they are ‘automatically’ used é&mage an event, the deployment of
skills and knowledge learnt during simulation suyrelepends on anaesthetists i)
recognising cues within a real-life event that @malogous to a simulated episode, and ii)

consciously recollecting the knowledge and behawiostrategies used previously to
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manage that event. As episodic memory theory de=trfactors that influence the
encoding and retrieval of such experiences, it rpayide a useful framework to

consider how the design of training scenarios cgpart learning.

Using episodic memory to understand learning from high-fidelity anaesthetic
simulation

Simulation research in anaesthesia focuses upowalrdity, reliability, feasibility and
learning effects from high-fidelity simulator trég °. Furthermore, theoretical analyses
have established standards for the expected prepet simulated training scenarios
(e.g. fidelity, physiological modellingf. However, there is also a need to understand the
factors that make a simulated training scenarioetiactive teaching instrument for
influencing anaesthetic practice. Thus, it is wodiscussing briefly the pedagogic
advantages of simulator training, and then considehow episodic memory theory

might advance our understanding of learning throarggesthetic simulation.

The learning objectives of simulator-based trainimganaesthesia vary according to a
variety of factors (e.g. expertise, knowledge, Iséi¢velopment). Consistent with the
episodic memory perspective, simulator trainingches participants to recognise
scenarios (e.g. CICV), and to apply the requisiemorised technical and non-technical
skills for managing the scenarfo Factors such as existing knowledge, experiemue, a
opportunities for practice in real-life and simidat will influence the extent to which

skills and knowledge become integrated into practidhe pedagogic literature supports

the assumption underlying that simulator basechitrgi will aid learning. For example,
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the extent to which a training task is physicab(enanual application of a skill) and
natural (e.g. realistic) improves skill retentiomdafuture application, as does the
similarity of learning and practice environmefit In addition, constructivist theories
argue that learning is successful when the gapdmtvactual and intended knowledge of
trainees is identified, and training is structussdthat participants can sense-make and
problem solve to reduce this g&p This perspective is consistent with simulatioithw
participants being afforded a safe learning spaberavthey can apply their skills and

knowledge to solve challenging problems designedxperts.

Thus, from a pedagogic perspective, there is gooderce to assume that simulator
training will facilitate learning. However as dissed in the section above, learning and
practice after simulation may be dependent on tredity and ability to recall training
episodes. This is particularly the case for rareimexpected events, as there are less
opportunities for the skills and knowledge usedn@nage those events to become well
practiced, and to enter into routine behaviour. €pesodic perspective would appear to
indicate at least two factors as important for eingulearning and future application.
Firstly, the memorability of training scenarios. Wtould appear logical that details
associated with an anaesthetic simulated eventgatgnt illness, environment, cues that
prompted decision-making, behavioural strategigi)o® encoded and recalled in higher
levels of detail if simulated training events acgaworthy in some dimension (e.g. novel,
enjoyable, challenging, successful). A second fastahe extent to which cues used in
high-fidelity simulator scenarios to influence d@on-making are analogous to real-life.

Episodic memory theory appears to indicate that filelity of scenarios will be
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important for future recall, particularly with ra@ unusual events. Specifically, the
extent to which there is similarity between sinbethand real-life cues will increase the
likelihood that decision-making strategies learntrimg simulation are recalled in
practice. This is consistent with the expert decishaking literature, with decision-
making being influenced by the recall of strategieed to manage a previous similar

event's,

It is notable that the existing literature on higtelity anaesthetic simulator training also
provides insight and speculation into how episogtiemory systems might support
learning, retention and recall. For example, redearvestigating critical event training

(e.g. requiring use of an Advanced Cardiac Life fgup protocol) has shown that the
detailed debriefing of participants after a tragqirscenario results in improved
performance on a re-test scenario six to nine nsorgter > From an episodic

perspective, debriefings provide trainees with ppostunity to reflect upon their practice
and consolidate memories. By watching one’s peréorce, and noting the key
situational cues and resultant problem-solving beldavioural strategies, learning may
be reinforced through providing participants an apynity to retrieve and mentally

rehearse key aspects of the training episode.

The design of simulator scenarios also appearsrapofor learning and future recall of
knowledge and skills associated with an episodestdy investigating oesophageal
intubations found anaesthetist’ performance notiniprove when participating in a

second simulated training scenatfo The study cites various reasons for this, with it
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being indicated that that anaesthetists may havaestr on aspects of the simulation
episode (e.g. haemorrhagic shock), rather thatetteical learning goals (e.g. solutions
for managing oesophageal intubation). Episodic mgnibeory does not specify
limitations on the volume and detail of informatithvat can be encoded and stored within
a single episode. However, it would appear logibat anaesthetists who participate in
highly stimulating scenarios attention may beconerly focused on the context of a
scenario (due to its intensity) rather than thetsahs (which may not appear apparent or
remarkable in comparison). As Boet and colleaduieslicate, this effect may be more
pronounced for trainees rather than experiencedasts. It perhaps speaks to the need
to design scenarios which are memorable and hagar cdolutions, but are not

overwhelming in terms of information or pressure.

Simulator research has also provided some suppothé proposal that knowledge and
skills associated with specific anaesthetic scesawill increase the likelihood of them
being used in practice. For example, in a studgtafdard operating procedures used to
prevent aspiration during rapid sequence inducti@iRSI), trainee knowledge was
assessed through questionnaires or simulated soeffaThe simulation group tended to
employ highly routinised rapid procedures more diegly than the questionnaire group.
Alternatively, they did not utilise to the sameenttprocedures cited as important by the
guestionnaire group (e.g. implementing semi-sittpasition). This is consistent with
episodic memory theory, as if knowledge of anad&thocedures are not contextually
‘bound’ to a scenario (i.e. they are learnt ina@sstoom setting) it may be less likely they

are applied during practice or simulation.
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Recent research by Bruppacher et’dénds some weight to this point. In comparison to
a control group, anaesthetists who participatesinmulator training for weaning patients
from cardiopulmonary bypass (CPB) demonstrated angut technical and non-technical
skill in post-test assessments of real practicemu&itor training was incremental, and
participants performed in four high-fidelity CPBesarios (each with slightly different
challenges) and then were debriefed. After two farelweeks, anaesthetists weaned real
CPB patients, and those who participated in theulsitor training demonstrated
enhanced performance (compared to those attendiaigctive seminars). Although such
events are not rare, the findings resonate witsoglpe memory theory, with memories
for knowledge and skills being associated with aené in high-fidelity simulation and
then utilised in real practice. Furthermore, thtowging a series of scenarios to explore
different aspects of task performance, it is cdastswith pedagogic theory on the
benefits of structuring problem solving tasks ter@amentally aid learning. Simulator
training can also be used to carefully identifyrte@ knowledge gaps and the simulated
problem-solving tasks that will support learningr Fexample, anaesthetic scenarios of
varying complexity have been used to distinguishwben early-stage training

anaesthetists and later-stage or fully trained sthatists .

Finally, although anaesthetic high-fidelity simwalatraining has been shown to improve
technical and non-technical skills, the extent taol training will continually develop
the skills of anaesthetists may depend on the moaltidevelopment of scenarios. For

example, anaesthetists who attend a high-fidehigeathetic crisis management scenario
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just once demonstrate improvements in their nohrtieal skills *°. However, when

participants partake in further training sessioheirt skill levels do not continue to

improve. Episodic memory systems are sometimesideresl to be ‘one-shot’ in nature,
whereby the content and context of an experienedaund together to a specific event
or moment. Repeating a training event or a neaivatgnt may consolidate or reinforce
the existing performance strategies that have lessociated with a specific situation
(helping behavioural strategies to be more ingtiett applied). However, as described
above, to further facilitate knowledge and skillvedlpment trainees will need to
experience new events which allow them to senseenaid solve memorable and

distinct problems.

Final reflections

As high-fidelity simulation becomes more widely dsm anaesthetic training, it is
increasingly important that we understand how satioh is expected to influence
learning and practice. Table 1 lists the key cosiolos from the above discussion on
factors that may influence learning and practiderdfigh-fidelity simulation training in
anaesthesia. In particular, episodic memory theoay provide a useful framework to
understand the pedagogic value of high-fidelityudator training for rare training events.
At present this proposal is speculative, yet itas inconsistent with decision-making and
pedagogic theory. However, it must be noted thetrse critiques have been made of the

episodic memory perspective.

INSERT TABLE 1 HERE

10
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Within the psychology community, episodic memorgtey,ns have been criticised due to
their reliance upon networks of cortical and sultical brain regions. This makes it
difficult for psychologists to differentiate betweenemories using classical forms of
memory categorisatiorf’. Also, episodic memory theory is a relatively nemd
developing field, and new discoveries are consgamtherging. For example, research
shows similarities between the neural processes taseecall an episode, and those used
to imagine a future eveAt. Factors such as adeand sleefFinfluence the formation of
new episodic memories, and a variety of factorsreanlt in memories being incorrectly
encoded or retrievetf. Finally, it must be noted that numerous other mgnsystems
influence learning. For example, the retrieval offormation is influenced by
presentational order of dafd These findings do not run counter to episodic ngmo
theory; rather they highlight the extent to whidte tdesign of simulator training can
benefit from increasingly adopting principles frmmgnitive science. As the use of high-
fidelity simulation increases in anaesthetic tnagniso must our understanding of how we

expect simulation to influence the learning anctpica of anaesthetists.

11



Published as: Reader, T. (2011). Learning through high-fidedityaesthetic simulation: The role of episodic memBritish Journal
of Anaesthesia, 107, 483-487

References

1. Boet S, Borges B, Naik V, Siu L, Riem N, Chanbraet al. Complex procedural skills
are retained for minimum of one year after a sinlgigh-fidelity simulation
training sessiorBr J Anaesth In Press.

2. Cook T, Woodall N, Harper J, Benger J, on bebbthe Fourth National Audit Project.
Major complications of airway management in the UKsults of the Fourth
National Audit Project of the Royal College of As#weetists and the Difficult
Airway Society. Part 2: intensive care and emergeatepartmentsBr J Anaesth

2011106:632-42.

w

. Tulving E. Precis of elements of episodic memd@shavioural and Brain Sciences
1984;7:223-68.
4. Maran N, Glavin R. Low- to high-fidelity simulah: a continuum of medical

education™Med Educ 200337:22-8.

ol

. Boulet J, Murray D. Simulation-based assessnmeahesthesiology: requirements for

practical implementatiorAnesthesiology 2010;112:1041-52.

»

. Murray D. Current trends in simulation trainiimg anaesthesia: a reviewlinerva

Anestesiol 201177:528-33.

\‘

. Tulving E. Episodic memory: From mind to braimnu Rev Psychol 2002;53:1-25.

8. Chadwick M, Hassabis D, Weiskopf N, Maguire Eecbding individual episodic
memory traces in the human hippocamglisrent Biology 2010;20: 544-7

9. Godden D, Baddeley A. Context-dependent memotyvd natural environments: on

land and underwateBritish Journal of Psychology 1975;66: 325-31

12



Published as: Reader, T. (2011). Learning through high-fidedityaesthetic simulation: The role of episodic memBritish Journal
of Anaesthesia, 107, 483-487

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cumin D, Weller J, Henderson K, Merry A. Stamidafor simulation in anaesthesia:
creating confidence in the tooBr. J Anaesth 2010,105:45-51.

Arthur W, Bennett W, Stanush P, McNelly T. Bastthat influence skills decay and
retention: A quantitative review and analydituman Performance 1998]11:57-
101.

Daniels HVygotsky and Pedagogy London: Routledge, 2003.

Klein G, Zsambok C. The recognition-primed dexi (RPD) model: Looking back,
looking forward. In: Zsambok C, Klein G, edSaturalistic Decision Making.
Mahwah: LEA, 1997; 285-92

Morgan P, Tarshis J, LeBlanc V, Cleave-HoggO2Sousa S, Haley M, et al.
Efficacy of high-fidelity simulation debriefing otihe performance of practicing
anaesthetists in simulated scenarigrs] Anaesth 2009103:531-7.

Olympio M, Whelan R, Ford R, Saunders |. Failaf simulation training to change
residents' management of oesophageal intubdiohAnaesth 200391:312-8.

Zausig Y, Bayer Y, Hacke N, Sinner B, Zink Wku@Ge C, et al. Simulation as an
additional tool for investigating the performandestandard operating procedures
in anaesthesidr J Anaesth 200799:673-8.

Bruppacher H, Alam S, LeBlanc V, Latter D, N&ikSavoldelli G, et al. Simulation-
based training improves physicians' performancgdtient care in high-stakes
clinical setting of cardiac surgerAnesthesiology 2010,112:985-92.

Murray D, Boulet J, Avidan M, Kras J, HenriddsWoodhouse J, et al. Performance
of residents and anesthesiologists in a simuldtesed skill assessment.

Anesthesiology 2007107:705-13.

13



Published as: Reader, T. (2011). Learning through high-fidedityaesthetic simulation: The role of episodic memBritish Journal
of Anaesthesia, 107, 483-487

19. Yee B, Naik V, Joo H, Savoldelli G, Chung D,udton PL, et al. Non-technical skills
in anesthesia crisis management with repeated axpd® simulation-based
educationAnesthesiology 2005103:241-48.

20. Toth J, Hunt R. Not one versus many, but zemsus any: Structure and function in
the context of the multiple memory-systems deldatd-oster J, Jelicic M, editors.
Memory: System, process, or function? Oxford: Oxford University Press,
1999:232-72.

21. Schacter D, Addis D, Buckner R. Episodic siriataof future events: Concepts, data,
and applicationsAnn N Y Acad Sci 2008;1124: 39-60

22. Maguire E, Frith C. Aging affects the engageimeh the hippocampus during
autobiographical memory retrieva@rain 2003;126: 1511-23

23. Aly M, Moscovitch M. The effects of sleep onslic memory in older and younger
adults.Memory 2010;18: 327-34

24. Johnson M, Hashtroudi S, Lindsay D. Source Kkbomg. Psychological Bulletin
1993114:3-28.

25. Murdock B. The serial position effect of freecall. Journal of Experimental

Psychology 196264:482-8.

14



Published as: Reader, T. (2011). Learning through high-fidedityaesthetic simulation: The role of episodic memBritish Journal

of Anaesthesia, 107, 483-487

Table 1. Six factors that may influence learning and pcacafter high-fidelity simulator in

anaesthesia

Steps

Description

1. Scenario memor ability

2. Similarities between
simulation and practice

3. Debriefing participants

4. Avoiding overly complex
training scenarios

5. Incrementally
introducing new problems-
solving tasks

6. Refreshing the content of
training scenarios

Simulator training scenarios that are distinct aiemorthy in some dimension
(e.g. novel, enjoyable) may enhance the memonalfithe cues connected
with that scenario and the relevant behaviourategies. This appears
particularly important for the simulation of raneagsthetic events.

To support anaesthetists recalling the decisionimgalstrategies used to
manage an event in simulation, the cues designedltence decision-making
in a simulator scenario should demonstrate higahfigd in order to prompt
recognition and recall in practice

Video-supported debriefing after simulator trainwdl provide anaesthetists
with the opportunity to i) note the key situatioakes and associated problem-
solving strategies associated with a particularestieetic scenario, and ii)
unconsciously consolidate and rehearse their meséor key elements of the
training episode.

For training scenarios that are overly stimulatimgcomplex, learning for
routine aspects of scenario management may be ®irhad due to
participant's being overly focussed on situatiomaintext (e.g. managing
stress) and not problem-solving. This is partiduldhe case for trainee
anaesthetists, who may become overwhelmed by thespre of a training
episode.

For training intricate problem-solving or technicglills, dividing scenarios
into smaller elements may aid learning. Specificalhcremental problem-
solving will allow participants to identify and leasolutions for the different
problems that may be faced during a complex anatistecenario. This will

be especially beneficial for trainees. However,digsis management training,
training events should unfold as they would initggli.e. managing a crisis
until its conclusion).

To continually enhance the technical or non-teclngkills of anaesthetists,
new and challenging training scenarios will neetbéodeveloped. Participants
who attend repeated anaesthetic simulated traieuggts may reinforce, but
not further develop, the skills learnt during thiial stages of training.
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