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Simulation, safety and surgery

Roger Kneebone

ABSTRACT
Objectives This paper explores the place of simulation in
contemporary healthcare education and training,
highlighting the challenges of recreating complex clinical
settings which can support the development of
competent, rounded and caring practitioners, and
address issues around human factors as well as
technical skill. It frames the relationship between clinical
and simulation-based practice as a mutually dependent,
two-way process.
Discusssion According to this view, simulation is less
like a photograph of clinical care than a painting of itda
process that requires selection and interpretation. The
paper presents simulation as a canvas on which to paint
this picture. To be effective, simulation must mirror the
essentials of a clinical setting without reproducing every
detail. After highlighting key issues with current
approaches to simulation, the paper considers how
authenticity and perceived realism can be heightened
through innovative uses of technology and design,
putting forward a conceptual framework based on the
notion of ‘circles of focus.’ The paper then outlines the
concept of Distributed Simulation, using low-cost,
portable yet immersive environments to address
limitations of access to dedicated facilities.
Conclusion The paper concludes by considering
theoretical and practical implications of these
innovations, focussing especially on surgery and other
craft specialties.

INTRODUCTION
This paper explores the place of simulation in
contemporary healthcare education and training. It
highlights the challenges of recreating complex
clinical settings which can support the develop-
ment of competent, rounded and caring practi-
tioners and address issues around human factors as
well as technical skill. It frames the relationship
between clinical and simulation-based practice as
a mutually dependent, two-way process.
According to this view, simulation is less like

a photograph of clinical care than a painting of
itda process that requires selection and interpre-
tation. The paper presents simulation as a canvas
on which to paint this picture. To be effective,
simulation must mirror the essentials of a clinical
setting without reproducing every detail. The paper
will consider some theoretical and practical impli-
cations of this proposition, focussing especially on
surgery and other specialties which demand high
levels of manipulative dexterity.

BACKGROUND
In recent years, the landscape of clinical care has
undergone profound upheaval. Time-honoured
ways of thinking and doing are being challenged by

widespread change, with new techniques for
investigation, diagnosis and treatment emerging
constantly. At the same time, the duration of
training programmes is being drastically reduced,
and work hours restrictions are bringing about
fundamental organisational changes on both sides
of the Atlantic. One obvious effect of shortened
training is a curtailment of opportunities for clin-
ical experience, especially as shift working rather
than continuous care becomes the norm.
The professional climate is also changing radi-

cally. It is no longer ethically acceptable (if it ever
was) for clinicians in training to learn ‘on’ patients.
This reduction in clinical exposure (previously built
upon a prolonged apprenticeship extending over
many years) poses obvious challenges. Already
there is widespread concern that doctors
completing their specialist training in areas such as
surgery and the interventional specialties may
simply not gain the breadth of skill and experience
to deal confidently with any clinical problem they
may encounter.1 2

At first sight, simulation offers attractive solu-
tions to many of these issues. Practising on inani-
mate models in the safety of a skills centre, the
argument goes, allows learners at all stages to gain
component skills without endangering patients.
This argument is especially compelling in the face
of dwindling opportunities for clinical exposure,
framing simulation as an alternative means of
gaining experience. The case is bolstered by clear
parallels with other safety-critical professions, such
as aviation, where simulation-based training is
accepted as an article of faith.3 Simulation therefore
offers a proxy for those elements of education and
training which are no longer available within
a clinical setting.3 4

This line of reasoning is powerful, and simulation
has now moved to centre stage in many countries.
The UK’s Chief Medical Officer, for example,
explicitly states that simulation will be of central
importance in healthcare education, especially for
surgery and related craft specialties.5 Yet, on closer
examination, the picture is less clear than it first
appears. What exactly are the benefits and limita-
tions of simulation? What is the evidence that
experience gained within simulation is transferable
to the real world? What might be the drawbacks of
an increasing reliance upon simulation-based
education? And if simulation is as valuable as it
seems, how can it be made available to all those who
would benefit?
A key issue concerns risk.6 For many people,

simulation equates safety with absence of risk. This
reflects a growing climate within healthcare of
aversion to risk generally, and a philosophy of risk-
free training. In reality, however, all clinical care
entails risk, and its effective management is key to
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becoming a mature clinician. Understanding the impact of risk
or danger on clinical judgement and skill is a crucial element of
becoming expert.7 Yet if risk is stripped away from training,
clinicians may be ill-prepared when things go wrong with their
patients. To be an effective proxy for clinical experience, there-
fore, simulation should recreate the sensations and perceptions
of danger while still ensuring that patients are not jeopardised.
Achieving this balance poses considerable challenges.

This paper will explore these issues and put forward possible
solutions. In it, I will argue that simulation’s major benefit is as
an adjunct to clinical practice, that its value and relevance
depend upon a close alignment with the clinical world, but that
the world of simulation and the clinical world it purports to
represent are frequently divided. To be effective, simulation
should:
< recreate authentic conditions of the clinical work environ-

ment;
< reflect the relationship of care between patient and clinician;
< address the needs of individual learners;
< be perceived as locally owned;
< optimise the level of ‘imaginative work’ required for effective

engagement;
< allow participants to develop expertise while experiencing

danger safely;
< contribute to personal development and professional identity.

PROBLEMS WITH CURRENT SIMULATION
Two approaches to simulation are commonly encountered. The
first addresses so-called ‘simple’ procedural skills such as wound
closure, intravenous infusion and urinary catheterisation. Else-
where, I have argued that simplicity is in fact a contestable
concept, and that the determination of what is ‘simple’ lies in
the hands of expert clinicians whose conception of simplicity
may be quite different from a novice’s.8 The experience of
working on a model arm, for example, is qualitatively entirely
different from performing a procedure on a living person. For
a novice, performing this apparently straightforward procedure
clinically may in fact be extremely challenging, especially in the
context of a sick or demanding patient where a variety of
complex skills must be integrated under pressure.

Especially in the early stages of learning, students commonly
focus on technical aspects such as needle placement and knot
tying, using isolated benchtop models which are widely avail-
able in many institutions. Yet such practice overlooks the crucial
importance of context in applying any skill. To be effective,
simulation must be aligned with the needs of each learner and
their level of development. If a simulation is too simple and
undemanding, it will be perceived as irrelevant and of little
value. If too complex and taxing, it may either overwhelm
learners and damage their confidence, or waste resources by
providing unnecessary sophistication. Yet this dynamic of
adjustment is difficult to achieve, especially when dealing with
large numbers of participants with varying levels of experience.

At the other pole lie complex, high-fidelity and immersive
simulations, allowing clinical teams to practise managing
emergency situations. Simulation of this kind was pioneered by
anaesthetists, achieving high levels of realism and value for
anaesthetic teams and allowing a range of complex or
uncommon conditions to be addressed. In such simulations, the
responses of a patient under general anaesthetic are conveyed by
a mannekin connected to an anaesthetic machine. Patients and
their pathophysiological responses are ‘represented’ by traces on
monitor screens and haemodynamic responses to drugs, creating
a highly engaging experience.9e12

For anaesthetic teams, such proxies for a real person closely
approximate the conditions of actual practice and provide high
levels of authenticity. For surgeons, however, the picture is
different. Existing models simply do not recreate the look and
feel of living human tissue with a similar level of convincing-
ness; this presents a real problem in terms of willing suspension
of disbelief and the amount of ‘imaginative work’ required of
participants.

AUTHENTICITY
How can we ensure that simulation mirrors real life for
surgeons? As long ago as 1993, Grant Wiggins wrote:

If we want competent performance later, we need to introduce
novices to that performance from day one. Only a deep and ancient
prejudice about academic learning keeps us thinking that
intellectual competence is achieved by accretion of knowledge and
movement through simple logical elements to the complex
wholedinstead of movement from a crude grasp of the whole to
a sophisticated grasp of the whole.13

For Wiggins, the notion of authenticity is central. Authen-
ticity is about replicating the diverse and rich contexts of
performance, meeting ‘an obligation to make the student expe-
rience [.] tasks under constraints as they typically and ‘natu-
rally ’ occur, with access to the tools that are usually available for
solving such problems.’13 Wiggins offers key characteristics of
authenticity as:
1. Engaging in worthy problems and questions of importance;
2. Faithfully representing contexts encountered in the field;
3. Addressing non-routine and multistage tasks;
4. Requiring the student to produce quality performance;
5. Providing concurrent feedback and allowing self-adjustment;
6. Requiring trained assessor judgement;
7. Searching for patterns of response in diverse settings.
Although initially framed in terms of intellectual competence,

Wiggins’ arguments hold especial force for specialties such as
surgery, where craftsmanship and workmanship are key to
clinicians’ identity as well as to the outcomes of their work.
Sennett, for example, refers to craftsmanship as ‘an enduring,
basic human impulsedthe desire to do a job well for its own
sake,’14 while Pye distinguishes between the ‘workmanship of
risk’ (where the quality of the result is uncertain during the
process of making) and the ‘workmanship of certainty ’ (where
the quality of the result is exactly determined in advance, as
with a factory-made object).15 Clinical practice clearly involves
workmanship of risk, whose outcome is the product of
a dynamic relationship between clinicians (skilled craftsmen, in
Pye’s terms), a living patient and a complex environment with
multiple variables.

ACHIEVING REALISM
So, how can such authenticity be achieved within simulation? A
central challenge is how to recreate the essence of real-life
experience. Clinical practice is built upon the relationship
between two peopleda patient and a clinician. The complexity,
richness, uniqueness and challenge of clinical care depend on this
human connection. And making sense of this complexity lies at
the heart of being a clinician. If simulation is to engage with this
complexity, it must somehow mirror the unruliness of real
lifedit must allow Wiggins’ progression ‘from a crude grasp of
the whole to a sophisticated grasp of the whole.’13

A crucial distinction is between simulations (recreating
a whole clinical event) and simulators (physical models,
mannekins or computer programs). Often, both in simple and in
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complex simulations, a simulator is the focal point of the
experience. In this case, the primary relationship lies between
a person (the learner) and a machine (the simulator). However
sophisticated the machine, it remains a machine. This imposes
inescapable constraints on authenticity.

HYBRID SIMULATION
So, how can this central relationship between two people (rather
than between a person and a machine) be provided within
simulation? A logical starting-point is to place a real person
within the simulation. Of course Simulated/Standardised
Patients (SPs) have been central to healthcare education for
decades, especially when addressing consultation and history-
taking skills. In such scenarios, trained actors play the role of
patient. Until recently, however, invasive procedures were treated
in a different fashion, placing inanimate models at the focus.

Work by our group has pioneered the concept of hybrid
simulation, where inanimate models are aligned with SPs
playing patient roles to create a setting which requires an inte-
grated approach. Participants have to interact with the patient
as they perform a procedure, avoiding any split between
so-called technical and non-technical skills. This recreates the
integrated nature of clinical care, where such splits are both
artificial and unhelpful.8 16e21

Our initial work aligned SPs with existing models, covering
the join with a drape (figure 1). Although technically crude, this
provided surprisingly high levels of perceived realism and
engagement. Yet there are obvious limitations to scenario design
if models have to be contrived so as to conceal a join. Current
work within our group is using prosthetics expertise from film
and television to create ‘seamless simulation’dhighly realistic
models which are attached to a person in such a way that the
join cannot be seen (figure 2). Preliminary studies have demon-
strated extremely high levels of engagement by participants, and
further work is exploring this concept systematically.

SEQUENTIAL SIMULATION
Simulation activity typically revolves around a single encounter
or episode of care. Yet, actual practice is a continuum. In surgery,
for example, an evolving relationship is built up, which extends
from outpatient referral, discussion of management options,
preoperative assessment, the operation itself and postoperative
recovery, to discharge into the community.

Within our group, the concept of sequential simulation aims
to recreate this longitudinal aspect of care by sampling ‘frames’
from a patient’s trajectory. In the case of surgery, this might
include a preoperative encounter between surgeon and patient
(exploring options and gaining consent), an operation under
general anaesthetic, and postoperative assessment and detection
of complications.

Some, but not necessarily all, of these elements would involve
a human ‘patient.’ During the operative phase, for instance, the
anaesthetised patient might be represented by an inanimate
model. At present, realistic models for operative surgery are
conspicuous by their absence. Extension of our work with
prosthetics is leading to custom made models aimed at surgeons
and their immediate teams (figure 3).

WIDENING ACCESS
Most current immersive simulation relies upon dedicated static
facilities which are scarce, expensive and resource-intensive, and
which lie beyond the reach of many clinicians in training. In
such centres, activities are driven by forces (such as ensuring
sufficient throughput to survive financially) which may be out
of alignment with the educational needs of those who attend. In
consequence, there may be a built-in lack of responsiveness to
individual learners and a mismatch with learning goals. This
may result in a perception that simulation-based education is
being imposed from without, rather than being ‘owned’ by
participants themselves. The dominant agenda should therefore
be clinical rather than organisational, framing simulation as
a means of strengthening elements of clinical practice rather
than functioning in a self-contained universe of its own.
If immersive simulation is to be of value, it should be available

to all who need it. At present, however, immersive facilities are

Figure 1 Hybrid simulation using strap-on suture pad. (Posed by
a model).

Figure 2 Hybrid simulation using seamless prosthetic wound.

Figure 3 Simulated laparotomy.
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restricted to a relatively small number of dedicated simulation
centres, usually located in major cities. Such centres provide
realistic, quasi-clinical settings which closely resemble real
environments, while digital recording technology allows activi-
ties to be recorded and used for feedback and debriefing. In
addition, specialised facilities such as control rooms and
debriefing spaces allow activities that would not be possible in
clinical practice.

Much attention is paid to the indiscriminate reproduction of
a whole environment, ensuring that all components are
provided. Such facilities commonly provide faithful reproduc-
tions of clinical environments (such as an operating theatre or
ITU). As many elements as possible of the original setting are
provided, including equipment such as operating lights and
tables, anaesthetic machines and storage facilities. Based closely
on real settings, these allow clinical teams to take part in
scenarios based around common or important clinical situations.

Providing and maintaining such environments is costly and
resource-intensive. Largely because of their cost and scarcity,
such centres are only available to a limited number of potential
users. How then might it be possible to retain the essence of
immersive simulation, yet make it more accessible? An inter-
esting alternative is ‘in situ simulation,’ where simulators and
simulated scenarios are taken to actual clinical settings.22 23

Although this offers obvious attractions, the practical difficul-
ties of aligning such simulations with service demands of
the UK National Health Service have led us to explore other
approaches.

DISTRIBUTED SIMULATION
We have developed the concept of Distributed Simulation
(DS).24 The underlying philosophy of DS is to provide simula-
tion facilities that are ‘good enough’ to engage participants and
achieve learning goals, yet are low-cost, portable and able to be
erected in a variety of clinical or non-clinical locations (figure 4).
Instead of the faithful reproduction of an actual setting, only
salient features are selected and recreated.

The first function of DS is to establish a boundary. To draw on
terminology from theatre studies, simulated clinical activity
occurs within a conceptual enclosure (a ‘space’) which is inde-
pendent of its actual geographical location (the ‘place’).25 26 In
order to function effectively, this space must be delimited from
its surroundings, so that those within it can perform without
distraction from the world outsidedas they would within the

walls of a real operating theatre, where access is restricted and
authorisation required.
The concept underpinning DS is to separate space from place.

A portable simulation space can be quickly erected in any
available location, using an inflatable ‘igloo’ to provide a circular
enclosure whose ambience provides an ‘impression’ of a clinical
environment (figure 4). This can then be populated by a variety
of scenarios, people and ‘props,’ depending on specific need.
Having established a simulation ‘space,’ the next requirement is
to determine what should take place within it and how this can
be recreated as effectively as possible.

CIRCLES OF FOCUS
Attention is not uniform and unselectivedclinicians see most
clearly what is most important to them, and the rest becomes
blurred. Where this focus is directed will depend on the clinician’s
specialty. An image of concentric ‘circles of focus’ is used to
describe a gradient of perceived realism (figure 5). Applying this
model to an operation, the surgeon’s primary focus of attention is
the operative field. In this central circle, every detail is of interest
and importance. The clinical operating theatre environment is
designed to support this heightened awarenessdthe field is
brightly lit bymultiple overhead lights which eliminate shadows;
instruments are placed in the surgeon’s hand by a member of the
team without any need for distracting eye contact; every nuance
of anatomy or drop of blood is sharply defined.
Around this central circle is another circledthe setting within

which the operation is taking place. This too is crucial but takes
place at a lower level of awareness. Here is the context of the
proceduredthe setting where it occurs and the people who take
part in it. Within this second circle, a surgeon’s general sense of
being in an operating theatre is supported by a complex combi-
nation of sights, sounds and sensations: the noises of the
monitor and the buzz of muted conversation; an awareness of
the anaesthetic machine and the team around it; the bright light
overhead; and the sensation of being gowned and gloved. Because
the surgeon is focussing so intently on the primary circle,
however, events and objects in this second circle are less distinct.
This blurring is both physical and metaphorical. Components of
this circle register at a less conscious leveldsome elements
indeed are only noticeable if they are not there.
These two circles are embedded within a thirddthe wider

picture of the clinical scenario that is unfolding, the tapestry of
events from which the operation is constituted. Anaesthetic
decisions are made, drugs are fetched and administered, instru-
ments are requested, and sometimes problems arise and stressors
are introduced. But again, this activity takes place outside the
surgeon’s primary focus.

Figure 4 Distributed Simulation showing inflatable operating theatre.

Processes of care

Place & people

Patient &
procedure

Practitioner

Boundary

Figure 5 Circles of Focus.
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