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Abstract
Introduction Clinical decision-making is a daily practice conducted by medical practitioners, yet the processes surrounding it are
poorly understood. The influence of ‘shortcuts’ in clinical decision-making, known as heuristics, remains unknown. This paper
explores heuristics and the valuable role they play in medical practice, as well as offering potential solutions to minimize the risk
of incorrect decision-making.
Method The quasi-systematic review was conducted according to modified PRISMA guidelines utilizing the electronic data-
basesMedline, Embase and Cinahl. All English language papers including bias and the medical profession were included. Papers
with evidence from other healthcare professions were included if medical practitioners were in the study sample.
Discussion The most common decisional shortcuts used in medicine are the Availability, Anchoring and Confirmatory
heuristics. The Representativeness, Overconfidence and Bandwagon effects are also prevalent in medical practice.
Heuristics are mostly positive but can also result in negative consequences if not utilized appropriately. Factors such as
personality and level of experience may influence a doctor’s use of heuristics. Heuristics are influenced by the context and
conditions in which they are performed. Mitigating strategies such as reflective practice and technology may reduce the
likelihood of inappropriate use.
Conclusion It remains unknown if heuristics are primarily positive or negative for clinical decision-making. Future efforts should
assess heuristics in real-time and controlled trials should be applied to assess the potential impact of mitigating factors in reducing
the negative impact of heuristics and optimizing their efficiency for positive outcomes.
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Introduction

Medicine is a science of uncertainty and an art of
probability.—William Osler

Doctors make decisions daily which impact on the lives
and livelihood of others. Decision-making is either fast, intu-
itive, heuristic-like and influenced by our cognitive biases, or
analytical, thoroughly assessed and well-reasoned [1].
Heuristics are decisional shortcuts, influenced by our own
cognitive biases, and are used by practitioners to ensure effi-
cient practice. The potential risk of error from their use is
poorly understood. A publication by the Institute of
Medicine’s (IOM) To Err is Human in 2000 reported an esti-
mated 98,000 preventable deaths in the USA [2]. In 2008,

What this paper adds This paper provides the reader with an overview
of some of the most commonly used heuristics in medical practice. It
discusses how best to use them in order to maximize positive patient
outcomes. It also highlights some potential interventions to mitigate the
risk of negative impacts when using them. This ‘toolkit’ will assist in
increasing awareness of clinical decision-makingmodels utilized bymed-
ical practitioners.
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medical error costs in the USA—many of which were
resulting from poor decision-making—were estimated at
$19.5 billion [3].When considering quality-adjusted life years
(QALYs), this cost rises up to $1 trillion [4]. Understanding
the important role heuristics play in clinical decision-making
is likely to have huge economical and personal ramifications,
thus warranting further investigation.

Objectives

The objectives of this narrative review are as follows:

& To discuss clinical decision-making in medical practice
& To highlight the most commonly used heuristics in med-

ical practice
& To explore if heuristics impact medical practice
& To highlight potential practices and interventions to reme-

diate some of the possible negative implications of
heuristics

Method

The review was conducted utilizing the electronic Medline,
Embase and Cinahl using a quasi-systematic review according
to modified PRISMA guidelines.

Inclusion criteria

All English language papers including cognitive bias and the
medical profession were included. Papers with evidence from
other healthcare professions were included if medical practi-
tioners were in the study sample.

Exclusion criteria

Papers were excluded if they did not discuss cognitive biases.
They were also excluded if they did not focus on the medical
profession.

Search strategy

The search terms used were ‘heuristic’, ‘cognitive bias’, ‘ten-
dency’, ‘preconception’, ‘rule of thumb’, ‘problem solving’,
‘mental processes’, ‘attentional bias’, ‘bias’, ‘metacognition’,
‘attitude of health personnel’, ‘control*’, ‘behaviour control’,
‘decision making’, ‘clinical decision making’, ‘decision theo-
ry’, ‘decision support techniques’, ‘doctor’, ‘medical staff,
hospital’ and ‘internship and residency’. The screening pro-
cess is elaborated further in Fig. 1 in a modified PRISMA flow

diagram. References and bibliography lists and journal con-
tent pages were also hand-searched.

Discussion

Clinical decision-making

Clinical decision-making typically involves five stages:

– collection and analysis of relevant information
– judgement
– decision-making
– decision-acting
– post hoc evaluation of the outcome

The context, i.e. the speed at which decisions are made and
the weighted outcome of decisions, plays an important role.
They influence the activation of different decision-making
processes. Intuitive decision-making is influenced by personal
cognitive biases moulded on influences from interaction with
society and activates regions such as the ventral medial pre-
frontal cortex when fast decisions are made. Reflective
decision-making is analytical, logical and thoughtful,
resulting in use of the right inferior prefrontal cortex [5].

Decisions to protect patient safety are made from practi-
tioner to policymaker. Frameworks have been established to
reflect this continuum, including prescriptive models at a sys-
tematic level, to normative and descriptive models at a prac-
titioner level [6]. Resulting guidelines and protocols reflect
rational scientific and reflective humanistic decision-making
processes and are important for reducing the risk of error as-
sociated with intuitive decision-making.

Heuristics

In medicine, simple strategies are used to assist decision-
making which are determined by an individual’s cognitive
style and environment [7, 8]. A common framework used to
describe the relationship between intuitive thinking and reflec-
tive analytical reasoning is that of a ‘dual-system’ of thinking
[1]. In intuitive thinking processes, the rules of rationality,
described elsewhere [9], are not followed when making fast
decisions. Instead personal experience and perception, known
as ‘cognitive biases’, dominate the direction of decision-
making in order to create shortcuts known as ‘heuristics’.

Heuristics are optimally used for simple tasks which are
high in volume and low in impact to reduce the cognitive load
of thought processes associated with analytical thinking, and
to guide our decisions in a way in which the brain perceives to
be most efficient and economical [10]. Analytical thought
processes should then be applied for complex decisions,
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which are high in impact and require evidence-based
reasoning.

While in many cases these ‘fast and frugal rules’ may lead
to correct choices amongst physicians [11], they may also
distort our reasoning, thus increasing the risk of incorrect
judgements and preventable medical error [1, 12–15]. These
uses of heuristics are influenced by several factors including
the practitioner’s social situation, the weighting of the deci-
sion and the potential outcomes, as well as whether or not they
have successfully used the heuristics previously [16]. It has
been theorized that medical error occurs with overuse of intu-
itive thinking processes in inappropriate contexts, perhaps as a
result of an unmanageable patient caseload or due to personal
causes such as sleep deprivation. This ultimately results in use
of intuitive decision-making in situations where analytical
thinking processes should be employed [15, 17–21].
Strategies such as illness scripts, pattern matching and
chunking of data are commonly utilized to assist heuristics
in reducing cognitive overload [22]. While beneficial for effi-
ciency in patient management, heuristics do increase the like-
lihood of misjudgement. The most common heuristics in the
medical profession are explained below.

Heuristics used in medicine

It is difficult to arrive at an accurate figure for the true preva-
lence of heuristic use in the medical profession with figures
ranging from 7.8 to 75.6% and 5.9 to 87.8% in the most
comprehensively studies heuristics—the Availability and
Anchoring heuristic, respectively [23]. An elaborative list of
heuristics, or ‘cognitive dispositions to respond (CDRs)’, that
may lead to diagnostic error is described elsewhere [24].

Availability heuristic

A Senior House Officer (SHO) is on call and has admitted
three patients overnight who are each complaining of the car-
dinal signs of an ischaemic attack. A fourth patient is
admitted—an overweight male in his 60s with an extensive
history of smoking. He presents with some blurred vision and
is feeling faint. The SHO has a preliminary diagnosis of a
transient ischaemic attack. They were unaware the patient
was chronically dehydrated after trying to increase their phys-
ical activity levels. The ‘Availability heuristic’ [25–27] is the
cognitive bias associated with making a judgement of the
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likelihood of an event happening based off your previous
experience in a similar situation resulting in risk of distorted
hypothesis generation.

Confirmation heuristic

The 47-year-old patient with rheumatoid arthritis has been
complaining of a recent increase in unrelenting back pain.
Only answering what the doctor asked about pain, they are
sent home with some medication for pain management fol-
lowing a diagnosis of arthritic-related changes. The patient has
noticed a drastic loss in weight recently but felt this was likely
due to them cutting out sugar in their tea. The ‘Confirmation
heuristic’ [26, 27] supports ‘tunnel-visioned’ searching for
data to support initial diagnoses while actively ignoring po-
tential data which will reject initial hypotheses. Closely
aligned with the Anchoring heuristic, it increases the likeli-
hood of premature closure of a diagnosis [24].

Representativeness heuristic

A young lady has presented to the neurology clinic with mus-
cle weakness and sensory changes in one of her upper limbs.
She also complains of recent onset fatigue, and when asked,
she says she has had a few near-falls. The intern thinks a
potential diagnosis of multiple sclerosis given its prevalence
in this age group and variability in symptom presentation. She
was later diagnosed with the rare pathological condition
known a s mu l t i f o c a l mo t o r n e u r o p a t h y . Th e
‘Representativeness heuristic’ is the increased likelihood of
practitioners to utilize a cognitive protocol for diagnosis of
conditions resulting in over emphasizing particular aspects
of their assessment and diagnosis which support their hypoth-
esis while missing atypical variants in the patient [28–30].
Closely associated with the prevalent relative-risk bias [12],
it leads to misclassification due to overreliance on the preva-
lence of a condition.

Anchoring heuristic

It is 7 a.m. in the morning, and the orthopaedic registrar is
reviewing rounds of the patients who had a total hip replace-
ment yesterday. They notice that one of the elderly patients is
quite short of breath on talking. Immediately their assessment
is ‘anchored’ on this salient feature. They are convinced it is a
pulmonary embolism and unaware that the patient actually has
a history of chronic obstructive pulmonary disease.
‘Anchoring’ [26, 27] can be described as when a diagnosis
is biased by a specific piece of information on which a physi-
cian uses to ‘anchor’ their diagnosis without considering other
presenting signs and symptoms with equal value. It can be
used as a set reference point, which is useful in quick

decision-making, but can negatively impact on a judgement
when that anchor is no longer pertinent to the situation [31].

Bandwagon heuristic

The oncology multidisciplinary team meeting has brought up
a disagreement in management of a patient with a grade III
retroperitoneal sarcoma. The team personalities in the room
clash over how best to manage the patient going forward—
whether to proceed with palliative or attempt to operate as
able. Some members of the team feel the decision made is
not in the patients best interest but decide to ultimately gowith
the preferred option of their senior for fear of repercussion.
The ‘Bandwagon heuristic’ [26, 32] is the tendency to side
with the majority in decision-making for fear of standing out.
It may be closely related to and result in conservative default
decision-making for patient care [33].

Overconfidence heuristic

The general practitioner is assessing a patient complaining of
headaches and dizziness for the past few weeks. Having com-
pleted an extensive amount of neurology training and a post-
graduate degree in neurological medicine, they are convinced
this person has migraine. The patient thinks they could just be
‘sick’ but the G.P. ignores them. On reflection they consider
alternative aetiologies such as sinusitis or otitis media. The
‘Overconfidence heuristic’ [34, 35] is when a physician is
too sure of their own conclusion to entertain other possible
differential diagnoses. It may result in decision-making being
formulated through opinion or ‘hunch’ as opposed to system-
atic approaches [24]. It occurs in both experienced doctors,
and inexperienced doctors in what is known as the Dunning
Kruger effect. Closely linked to the hindsight bias, it reflects
the inability of the physician to reflect accurately on the erro-
neous event which may compromise learning from mistakes.

Omission heuristic

An elderly patient complaining of long-term nausea and
vomiting has confirmed cholecystitis on investigation. On dis-
cussion with the general surgeon, the surgeon advised that this
would not be suitable given his age and that he should instead
manage his nausea conservatively instead of opting for a lap-
aroscopic cholecystectomy. The conservative management of
patients may lead to what is known as the ‘Omission heuristic’
[36] leading to a delayed treatment for some patients and
inadequate response to clinical symptoms.

Aggregate heuristic

An experienced surgeon who has recently moved to a new
healthcare system was on call when a patient presents with
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severe bruising and a diagnosis of haemophilia. The patient
will not provide consent for a blood transfusion in any cir-
cumstance as they are a Jehovah’s Witnesses. In their own
experience, where paternalistic medicine dominated, a sur-
geon should act in the patient’s best interest and so they wait
until the patient becomes unconscious and decide to operate.
The ‘Aggregate heuristic’ as defined by Croskerry [24] is
defined as ‘when physicians believe that aggregated data,
such as those used to develop practice guidelines, do not
apply to individual patients they are treating’—in this case
being the right to bodily autonomy. It is an important heu-
ristic to challenge as healthcare practice move towards an
increasingly regulated and patient-centred standardized
healthcare system.

Impact of heuristics on medicine and patient
outcomes

Heuristics can save lives and are important in healthcare as
they allow quick decisions to be made in time-constrained
situations. They can also result in patient harm and error if
not executed appropriately. Most heuristics have been
researched with regard to their interplay in clinical diagnosis
(60%) with less focus on treatment or management (35%), and
prognosis (10%) [23]. They have been explored most in gen-
eral practice, obstetrics and gynaecology, and oncology in
descending order of prevalence [12] with a dearth of research
in acute settings such as emergency medicine and surgery.
Given the difficulty in conducting research to evaluate the
effects of heuristics’ real-life performance and patient out-
comes most of research conducted is through survey and
simulation.

Positive impact

Clinical decision aids are effective systematic means of diag-
nosing common conditions. In this way, more cases than not
benefit from use of heuristic models. Heuristics have been
found to be particularly useful when used by experienced
doctors to provide efficient care to patients [35, 37, 38].
More experienced practitioners are less likely to take risks
[39] and utilize heuristic decisions more effectively which is
important given they are the ultimate decision-makers. This
may mitigate risk of avoidable error [40]. Nonetheless, they
are less effective when managing analytical decision-making
scenarios [41] which may result in inappropriate use of heu-
ristic style decision-making in cases where more thorough
analytical decision-making is required. Alternatively, this
may be due to the inability of younger residents to utilize
heuristic strategies effectively owing to a lack of sufficient
knowledge.

Negative impact

Cognitive firewalls such as standardized approaches have im-
proved patient outcomes [42, 43], but heuristics are still re-
quired for the diagnostic process to capture the honest ‘flesh
and blood’ decision-making processes [44]. When influenced
by cognitive bias, heuristics may be ineffective due to inaccu-
rate data collection or synthesis. Negative impacts of heuristic
use have been found [12, 23] including errors when using the
Anchoring [26], Availability [26] and Representative heuris-
tics [28–30]. Experience is also impacted, and when informa-
tion is presented in a non-‘script’ format, there is an increased
likelihood of performance being negatively affected in experts
[45].

Practices and interventions to reduce negative
impacts of heuristics

Skill development and reflective practice

Reflective practice aims to challenge biases that place practi-
tioners at risk of incorrect decision-making. It involves build-
ing the capacity to critically reflect upon self-decisions [46] to
broaden the knowledge base of the practitioner [47]. It encour-
ages practitioners to consider more psychosocial elements
[48] and challenges overconfidence by promoting shared de-
cision-making. It is not an analytical situation but rather a
reflection on whether the favoured decision will ultimately
result in a high likelihood of a successful outcome given the
context at hand [49]. Effective strategies associated with re-
flective practice to reduce the risk of diagnosis inaccuracy
include the following:

– increasing expertise
– developing clinical reasoning
– seeking the assistance of peers and available decision-

making tools

There are five sets of behaviours, attitudes and reasoning
processes associated with reflective practice required of med-
ical practitioners to assist in responding to complex conditions
in the clinical setting [46]. These are as follows:

– deliberate induction
– deliberate deduction
– a willingness to test
– an attitude to openness
– metareasoning

The skills required and activity examples highlighted by
the National Health Service (NHS) in the UK [50] matcheds
with Mamede and Schmidt’s [46] behaviours and is described
elsewhere.
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Education and simulation

Training in heuristics may enhance healthcare delivery [51]. If
clinicians are aware of their own biases, they have a greater
likelihood of avoiding them by implementing strategies [24].
These techniques include the following:

– considering alternatives
– tailored training
– simulation for a ‘cognitive walkthrough’
– cognitive forcing
– enhanced feedback

Education surrounding reasoning in complex clinical sce-
narios is also expected to improve an individual’s perfor-
mance [52]. In the case of specific medical conditions, a min-
imum standardized approach to patient management,
encompassing all differential diagnoses, may counteract the
potential negative effects of heuristics. Simulated environ-
ments, with multitude of factors involved in real-life medical
practice such as resource management, interpersonal relations
and time restrictions with particular focus on high-acuity set-
tings [41], may assist practitioners in developing awareness of
their diagnostic biases in a controlled environment [53, 54].

Traditional behaviourist approaches to teaching which fo-
cused on ‘service saturation’ of trainees and leaned towards
scholarship and clinical skill [55], as the pillars of perfor-
mance, are not preparing prospective doctors for the realities
of medical practice. Cognitive teaching focuses on a series of
skills—such as communication and teamwork—and focuses
on students’ ability to self-monitor by involving them in eval-
uation of decision analysis [56]. Some training bodies, includ-
ing the Royal College of Surgeons in Ireland, have found
positive experiences with this approach [57]. Medical schools
should also place a greater emphasis on challenging
preconceived socioeconomic biases, as research has shown
that early-year medical students perceive patients differently
depending on their socioeconomic class [58].

Technology

Technology, through the use of digital clinical decision aids,
may be useful as a debiasing technique [24] and decreasing
diagnostic errors [59]. One of the key relationships pivotal to
effective decision-making involves finding the balance be-
tween holistic patient-centred care, and using technology to
provide objective assessments of clinical scenarios. For exam-
ple, an awareness that it might be most appropriate objectively
to intubate an elderly patient in palliative care with respiratory
alterations may be in fact counteracted by an understanding of
alternative methods of maintaining patient airway such as
CPAP or BiPAP and wishes of the patient/family members
to minimize physical distress.

Shared decision-making

‘Shared decision-making’ involves informing patients of the
potential risks and benefits of medical decisions and seeking
their input in deciding what direction is most suitable to their
needs. Shared decision-making approaches have been shown
to improve multidisciplinary team functionality and improve
patient-centred outcomes [60–62].

Cultural change and open disclosure

A doctor who is more open to reflective practice in an undi-
agnosed clinical case is less likely to be burdened with feel-
ings of distress as they view uncertainty as an important aspect
of the diagnostic process, as opposed to a barrier [63].
Training in human factors may also help to overcome barriers
to effective decision-making such as informational cascade,
social shirking and reputational cascades [64]. Error disclo-
sure is an important skill to learn in order to make practitioners
fully aware of the impact of incorrect decision-making. A
commitment from all stakeholders including teaching institu-
tions and policymakers needed for its success [65, 66]. In the
workplace, interventions to improve modifiable factors should
also be implemented to reduce cognitive overload associated
with sleep deprivation and fatigue [67–69].

Areas for future research

Future research is needed to explore other potential modifiable
factors on clinical decision-making. Personality and its asso-
ciated traits such as risk-taking, regret, tolerance to ambiguity
and even sociocultural biases [23, 70–73] may also act as
potential influencers to affect doctors’ judgements resulting,
in some cases, in an undue self-perception of capability and
personal control amongst physicians [74]. Efforts should be
made to explore these in real-life clinical settings given the
known incongruence between surveys and real-life practice
[75].

Conclusion

Due to the capricious nature of medical practice, it remains
unknown if, on balance, regular use of heuristics is beneficial
or detrimental to medical and patient outcomes. What is
known is that their prevalence in practice has been proven,
and that they negatively impact patient outcomes if used in-
correctly. It is importance to apply context to clinical decision-
making—being cognisant of what tasks, specialties and levels
of training do heuristics most commonly occur By under-
standing this, both policymakers and medical professionals
themselves can begin to optimise conditions to utilize such
clinical decision-making processes for positive outcomes.
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