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Abstract

Objectives: To use a case review approach for investi-
gating the types of cognitive error identifiable following a
complicated patient admission with a multisystem disor-
der in an acute care setting where diagnosis was difficult
and delayed.

Methods: A case notes review was undertaken to explore
the cognitive factors associated with diagnostic error in the
case of an 18-year-old male presenting acutely unwell with
myalgia, anorexia and vomiting. Each clinical interaction
was analysed and identified cognitive factors were cat-
egorised using a framework developed by Graber et al.
Results: Cognitive factors resulting in diagnostic errors
most frequently occurred within the first five days of
hospital admission. The most common were premature
closure; failure to order or follow up an appropriate test;
over-reliance on someone else’s findings or opinion; over-
estimating or underestimating usefulness or salience of a
finding, and; ineffective, incomplete or faulty history and
physical examination. Cognitive factors were particularly
frequent around transitions of care and patient transfers
from one clinical area to another. The presence of senior
staff did not necessarily mitigate against diagnostic error
from cognitive factors demonstrated by junior staff or
diagnostic errors made out-of-hours.

Conclusions: Cognitive factors are a significant cause of
diagnostic error within the first five days after admission,
especially around transitions of care between different
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clinical settings and providers. Medical education in-
terventions need to ensure clinical reasoning training
supports individuals and teams to develop effective stra-
tegies for mitigating cognitive factors when faced with
uncertainty over complex patients presenting with non-
specific symptoms in order to reduce diagnostic error.

Keywords: cognitive error; diagnostic error; medical
education.

Introduction

The diagnostic process is extraordinarily complicated at
the best of times [1], however making a diagnosis and
management plan in the face of uncertainty, when sick
unwell patients present for medical attention, is a partic-
ular challenge for healthcare professionals in acute or
emergency situations [2]. Evidence from the published
literature confirms this challenge is a problem [3], given
there can be a 20-40% discrepancy between antemortem
and post-mortem diagnoses [4, 5]. The incidence of diag-
nostic error is reported around 10-15% [6], and even higher
in specialities such as emergency and internal medicine.
Given the scale of the problem, developing a standard
approach to learning from cases where diagnostic error has
occurred, or cases that have caused diagnostic dilemmas,
also remains a priority [7].

Graber and colleagues undertook a systematic review
of 100 case records constructing a taxonomy for factors
operating across levels [8] with over three quarters
involving cognitive contributions either alone or in com-
bination with system level factors. Cognitive factors
included a lack of knowledge or skill in general for a
specific condition presenting in a particular context, and
faults in the way individuals either processed, syn-
thesised or verified information in the diagnostic process.
In practice, these cognitive factors interact with system
factors such as inefficient processes, poor teamwork or
communications and a lack of coordination in care to
result in diagnostic error. Although some system level
challenges are beyond the scope of medical education,
individual and team level factors, are within remit, since
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the main issues — cognitive factors such as a lack of
knowledge or the processing, synthesis and verification of
information — are trainable with interventions [9].

Whilst educators and researchers may have a good
sense of cognitive factors associated with diagnostic error in
classroom settings, the clinical context is different and the
way in which working in clinical practice with complexity
and uncertainty contributes to the problem remains poorly
characterised. In particular, certain patient presentations
where the clinical condition is fast evolving and the clinical
picture is ambiguous can add to the diagnostic challenge
resulting in error. Here the challenge for educators and re-
searchers is to better familiarise themselves with compli-
cated case presentations so interventions for knowledge or
skills gaps can be addressed to increase resilience to diag-
nostic error in the future.

The aim of this research was to investigate the impact of
cognitive factors in a case of delayed diagnosis following a
complicated patient admission in acute care where the
symptoms did not suggest an obvious cause at presentation
to hospital. Although using case notes review for identifying
aetiology of diagnostic error can be limited for certain as-
pects of the inquiry [6], this method remains the standard
approach following significant incidents in hospitals and
can still be useful for investigating the case-specific context
in which cognitive factors resulting in diagnostic error were
a problem. Furthermore, case reviews can be triangulated
with outputs from other analyses [10], and serve as an
important precursor for designing educational interventions
such as simulations involving standardised patients for
reducing future error.

Clinical case

An 18-year-old, previously healthy, white male was
admitted to the Medical Admissions Unit (MAU) in July 2020,
with a four-week history of fever, myalgia, anorexia, nausea
and vomiting. Physical examination revealed a heart rate of
140 beats per minute, blood pressure 120/87 mmHg, SpO,
96% on 2 L O, via nasal cannulae and a temperature of
39 °C. Blood investigations revealed Hb 109 g/L (normal
range 130-180 g/L), WCC 5.1 10°/L (normal range 4.0-11.0
10°/L), lymphocytes 0.9 10°/L (normal range 1.5-4.510°/L),
CRP 72 mg/L (normal range <10 mg/L) and lactate 1.6 mmol/L
(normal range 0.5-2.2 mmol/L). ECG showed sinus tachy-
cardia. A diagnosis of SARS-CoV-2 viral pneumonia was
made, and a differential of bacterial pneumonia was also
considered. He was treated with intravenous piperacillin/
tazobactam as per local guidelines for the treatment of

DE GRUYTER

suspected bacterial pneumonia. Serial SARS-CoV-2 RT-PCR
tests were negative.

No pathogens were isolated from serial blood cultures.
Computed tomography scanning of the chest, abdomen,
and pelvis demonstrated bilateral pleural effusions and
13 cm splenomegaly. An echocardiogram demonstrated no
evidence of endocarditis or cardiac dysfunction.

On day 3, he reported back pain, word finding diffi-
culty, memory loss and urinary incontinence, and was
noted on examination to have proximal weakness and
a resting tremor. Non-contrast computed tomography
scanning of the head demonstrated no abnormalities. He
developed type 1respiratory failure and agitation on day 6
necessitating transfer to the Intensive Care Unit (ICU) and
intubation. Two intercostal drains were placed on either
side of the chest for bilateral pleural effusions (Figure 1).
Viral serology, fungal biomarkers and procalcitonin were
negative.

Other investigations revealed a high ESR, ANA +ve (one
in 6,400), dsDNA strongly positive, nephrotic range pro-
teinuria with normal renal function, low C3 level 0.69 g/L
(normal range 0.75-1.65 g/L), Crithidia positive but ENA
negative. A diagnosis of systemic lupus erythematosus was
made on day 10 and he was started on methylprednisolone
and hydroxychloroquine. Following extubation on day 11,
he developed hallucinations presumed secondary to high
dose steroids. An MRI brain on day 17 demonstrated acute
multi territory infarcts alongside vessel appearances
consistent with SLE vasculitis therefore intravenous cyclo-
phosphamide was added to his treatment regimen. A renal
biopsy confirmed mesangioprolofierative glomerulone-
phritis consistent with class III lupus nephritis. Further

Figure 1: A portable anterior-posterior chest radiograph on day 6 of
admission.
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investigations were also positive for Anti-MI2, anti-KU, anti-
PM-SCL75 and anti-SLP antibodies. Covid-19 antibody
negative. His SLEDAI (Systemic Lupus Erythematosus Dis-
ease Activity Index) was 35.

He was discharged on day 30 and intravenous cyclo-
phosphamide (pulsed regimen) was continued in the
community. At six-week follow up, he had well controlled
blood pressure, normal renal function and minimal urinary
protein leak. His cognitive function was improved with a
Montreal Cognitive Assessment score of 26 and his recovery
including rehabilitation was ongoing.

Materials and methods
Methodology

A case review is a type of case-study approach for in-depth investi-
gation of a complex issue in it’s real-life context and informed the way
this research was undertaken [11]. It is an established research design
that has been used in a variety of disciplines [12]. A case has a defined
space and time frame: a phenomenon in a bounded context [13]. The
phenomena of cognitive factors contributing to diagnostic error are
particularly context specific, therefore the case-study approach was
deemed most suited [14]. Likewise, boundaries between a phenome-
non and it’s context are not always clear, therefore case-study designs
rely on multiple sources for evidence [15].

Data collection

The unit of analysis was defined as any patient-clinician interaction
(individual or team) documented in case notes (paper or electronic). A
standardised electronic data collection form was designed in Micro-
soft Excel (Microsoft Corporation, Redmond, USA) to collate — date,
time, location, entry type, documented differential diagnosis and
grade of the most senior clinician present at the interaction. Three
clinicians (BT, IN and PR) reviewed and analysed each interaction
together using the form.

First, clinicians documented to be present at each interaction
were differentiated by grade into senior and junior medical staff.
Second, junior medical staff were divided into Speciality Registrars,
Advanced Clinical Practitioners (ACP) and Senior House Officers
(SHO). Speciality Registrar referred to doctors with over four years of
post-graduate experience. Senior medical staff just included consul-
tants. ACPs were clinicians with a non-medical background such as
nursing, who had completed a further Masters level qualification. SHO
is a label given to doctors with 2—4 years of post-graduate experience
and encompassed junior trainees, fellows and trust grade doctors not
working at Specialty Registrar level. The patient had no interactions
with Foundation Year doctors, those with less than two years of
experience.

Third, after reviewing the case noted documentation, remaining
data sources explored by the raters included: (a) chart observations
(documentation recording temperature, respiratory rate, oxygen sat-
urations, heart rate, blood pressure and urine output), (b) clinical
requests for investigations, and (c) investigation results [16, 17]. An
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underlying assumption was that data collected in different ways
would nonetheless lead to similar conclusions, therefore approaching
the investigation using data from different sources would develop a
multi-faceted and detailed representation of the phenomenon through
triangulation.

Fourth, data in the data collection form was organised based on
Graber et al.’s [8] framework for classifying system-related and
cognitive contributions to diagnostic error. A free text justification for
the classification made by raters was included on the data collection
form to ensure transparency and allow scrutiny of the process as
necessary. The impact of the error or contribution was not graded.

Data analysis

A framework analysis approach comprising five further stages
(familiarisation; identifying a thematic framework; indexing;
charting; mapping and interpretation) was used to interpret each
interaction. Theoretical frameworks related to both knowledge
(novice-expert development and skills decay [18, 19]) and cognitive
factors leading to diagnostic error (dual information-processing,
cognitive biases and critical thinking [20-22]) were used to support
any early inferences made about the cognitive factors. Likewise,
emergent data specific to the context of the data (a complicated
multisystem disorder presentation in the acute and emergency
setting) was also used to make interpretations as part of a data-
driven approach. By using both approaches, the usefulness of the
original taxonomy within the domain of healthcare professions
education, and not just healthcare, could also be established.

Ethical considerations

Consent to collect and code data as described above was obtained
from the patient involved, their consultant and the Critical Care
Department. Detailed information about the case presentation or the
hospital sites was not shared to avoid the risk of inadvertent
disclosure of identities. Ethical permission was not required to un-
dertake this study.

Results
Interactions

Between admission and diagnosis there were 70 clinical
interactions over 10 days. There were 17 interactions on the
Medical Admissions Unit, followed by 19 on the Level 1 unit
and 34 on the Intensive Care Unit. Over the 70 interactions
there were 89 contributions to diagnostic error, 70 of which
were cognitive factors, the rate of which was higher within
the first five days of the patient’s admission (Figure 2).
There were 19 system related factors contributing to diag-
nostic error, distributed throughout, six of which were
related to technical failure and equipment. Table 1 and
Figure 3 demonstrate that review by a consultant happened
more frequently later on in the admission, whilst the
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Figure 2: The number of contributions to diagnostic error on each
day of admission.

Cognitive factors are shown as a solid line; system related factors
are shown as dashed line. The patient was transferred from the
medicaladmissions unitto Level 1 on day 4, and to the intensive care
unit on day 6.

patient was on the ICU. The rate of contributions per
interaction was lower with increasing grade of the most
senior clinician present (Table 1).

Cognitive factors

Figure 3 visualises the distribution of interactions and
contributions to error throughout the patient’s journey.
Spikes in number of cognitive factors correlate with the
identified most frequently occurring types described
above. Of the 70 cognitive contributions to error identified
across the interactions, they were not equally associated

Table 1: The rate of contributions to diagnostic errors by area and
grade.

Rate SHO ACP Registrar Consultant Total
(errors/
interactions)
MAU 2.83 2.67 1.67 3.00 2.41
(17/6) (8/3) (10/6) (6/2) (41/17)
Level 1 2.50 - 1.25 2.00 1.63
(10/4) (15/12) 6/3) (31/19)
ICU 0.57 - 0.67 0.39 0.50
&/7) 6/9) (7/18) (17/34)
Total 1.82 2.67 1.15 0.83 1.27
(31/17) (8/3) (31/27) (19/23) (89/70)

Rate of contributions to diagnostic errors (number of contributions/
number of interactions) by clinical area and grade of the most senior
clinician present. MAU, medical admissions unit; ICU, intensive care
unit; SHO, senior house officer; ACP, advanced clinical practitioner.
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with the 25 possible types identified by Graber and used in
taxonomy. Instead, the five most frequent cognitive fac-
tors accounted for 43 of these — thus comprising 61% of
those identified. Each of these cognitive contributions to
error were coded as occurring between 6 and 8 times, as
shown in Figure 2. The most prevalent were (1) premature
closure, (2) failure to order or follow up on an appropriate
test, (3) overreliance on someone else’s findings or opinion,
(4) inaccurate estimation of the usefulness or salience of a
finding, and (5) ineffective, incomplete or faulty history and
physical exam. As apparent in Figure 3, these tended to co-
occur with each other and coincided with the interactions
where there was a spike in occurrences of cognitive con-
tributions to error.

Timeline

Clusters of error are associated with the transfer of the
patient from one clinical area to another, specifically from
the Medical Admission Unit to Level 1. There were seven
main differential diagnoses documented in the clinical
notes. The documented differential diagnoses changed
following transfer, both to Level 1 and to ICU, also
correlating with consultant presence at the interaction. At
the second consultant review vasculitis was felt to be
unlikely and subsequently vasculitis does not appear on
the differential diagnosis for 2.9 days (71 h), the trigger for
its return is the acknowledgement of a positive ANA on
Day 6. At the first transfer, a new direction of investigation
towards a spinal abscess was initiated based on a new
differential diagnosis compared to the previous areas
impression. This path is followed for two days (47 h), until
the patient further deteriorated.

Investigations

The time from admission to diagnosis was 8.7 days (210 h).
There were time periods where access to information to
rule in or rule out differentials was delayed. There were
23 h between a positive ANA result becoming available on
the electronic records system and it being acted upon or
acknowledged in the differential. An MRI spine was
requested on day 4 to rule out concerns of a spinal ab-
scess, due to issues surrounding availability it was not
performed, in which time the patient deteriorated and was
admitted to ICU. The investigation was cancelled at day 9
when it was felt that spinal abscess was not the primary
differential. There were 50 h between the dsDNA request
and a result becoming available. There was a delay of
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Figure 3: Timeline from admission to diagnosis.

Timeline with annotations of interactions, contributions to diagnostic error, clinical area, grade of the most senior clinician present and
differential diagnosis. All interactions between admission at 23.50 on day 1 and definitive diagnosis and treatment at 18.15 on day 10 are
indicated by hollow circles. The frequency of all coded factors contributing to error is indicated by vertical bar graph, differentiated by system
and cognitive. The five most common cognitive factors contributing to error are indicated by coloured filled circles. The grade of the most
senior clinician present at the interaction is indicated by black filled shapes. The differential diagnoses documented in the clinical notes is
indicated by filled line. MAU, medical admissions unit; ICU, intensive care unit; SHO, senior house officer; ACP, advanced clinical practitioner.

approximately one day due to the first sample run failing
due to a laboratory technical issue, this information being
relayed back to the clinical team and a further sample
being obtained.

Discussion

This study investigated the impact of cognitive factors in
the case of an 18-year-old presenting acutely unwell with
non-specific signs and symptoms resulting in a delay in
diagnosis. Whilst both system and cognitive factors
contributed to diagnostic error, cognitive factors were more
frequent until a definitive diagnosis was made. The range
of cognitive factors are similar to those identified in pre-
vious research [23] with causes including: premature
closure; failure to order or follow up on an appropriate test;
over-reliance on someone else’s findings or opinion; over-
estimating or underestimating usefulness or salience of a
finding, and; ineffective, incomplete or faulty history and
physical examination. However, this research also identi-
fied that diagnostic errors spiked around periods of transfer
from one location to another, and suggested the presence
of senior staff did not necessarily mitigate against errors
made by junior staff or errors made out of hours. The

findings from this case study have a number of implica-
tions for existing healthcare practice, medical education
and training policy and further research into diagnostic
error.

Research into cognitive factors affecting diagnosis in
the clinical context is not new [24] however, a novel
feature of this study was the investigation of cognitive
factors and diagnostic error affecting the same patient as
their care moved across multiple clinical areas, from the
point of admission to the point of diagnosis. Errors in
diagnostic reasoning is a recognised cause of error on
internal medicine admissions units (MAU), with factors
including failure to order correct tests; erroneous inter-
pretation of tests; and failure to consider correct di-
agnoses [25]. In the emergency setting, 96% of diagnostic
error was also attributed to cognitive factors [26].
Furthermore, over half of these errors were again related
to a failure to order an appropriate test, with over a third of
errors also related to a failure to perform an adequate
medical history, physical examination or correctly inter-
pret a diagnostic test [25]. Likewise, in ICU settings,
misdiagnosis is also common within 12 h of admission
and frequently occurs in presentations associated with
infection or vascular events [27]. The findings from this
research also have implications for other patients who
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present with non-specific signs and symptoms into hos-
pital and may move through a number of clinical areas in
a single admission episode. Patients with multimorbidity
by definition often seek medical attention with problems
that are not necessarily attributable to one disease pro-
cess, therefore more research should be undertaken to
identify the extent to which cognitive factors rather than
disease complexity actually contribute to their well
documented in-hospital morbidity and mortality [28].
There are well over hundred types of cognitive factors
described [29], with many of them similar to each other or
even leading to one another, for example search-satisficing
and premature closure [21]. Nevertheless similar to the
findings from this study, three error types consistently
emerge from other empirical research and analyses of
systematic reviews: availability, confirmation and hind-
sight bias [30]. Given hindsight bias affects any retro-
spective analyses, addressing the effect of availability and
confirmation bias may be more appropriate for educators.
Healthcare professionals are particularly prone to avail-
ability bias in complex and uncertain situations due to the
paucity of information when making a diagnosis or man-
agement plan [31]. Therefore, the tendency for thinking to
converge onto information that is available at the time is
not unreasonable, and often necessary to manage acutely
unwell patients [32]. However, the consequence of avail-
ability is individuals or teams being more prone to other
cognitive factors such as search-satisficing, framing and
confirmation [33] unless contextual cues related to the
complicated nature of the presentation are recognised.
Interventions that encourage both analytical and non-
analytical processing have consistently been shown to
improve diagnostic accuracy and minimise error in
experimental settings [22]. Therefore, there is now a need
for applying these insights from research into clinical
practice when individuals or teams are faced with diag-
nostic dilemmas [9]. Specifically, novices need to be sup-
ported to use intuition when making diagnoses but also
retain analytical approaches when ‘things aren’t going as
expected’. The challenge for both educators and hospital
managers now moves onto nudging individuals and teams
into applying these interventions at point of care.
Transfers from one care setting to another, ‘handoffs,’
are known to be associated with medical errors because the
continuity of care is broken [34]. The findings from this
research confirm both provider handoffs, wherein a
different provider takes over the patient’s care (e.g. shift
change), and patient handoffs wherein the patient moves to
a different clinical setting and provider, resulted in a spike
of diagnostic errors following various cognitive factors.
Handoff errors commonly result from communicating too
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little or too much information, failure to communicate high-
risk status, incomplete transition of care responsibility, and
failure to listen [35-38)]. This research identified cognitive
factors contributed to these outcomes in this case, with ju-
nior members of staff (e.g. SHO, ACP and Registrar) sus-
ceptible in particular. Against this backdrop, this research
also demonstrated the presence of senior staff at daily
reviews following transitions of care did not mitigate these
cognitive factors. In particular, senior staff appeared to not
effectively review differential diagnoses, nor mitigate
against the lack of investigations available at the time of
interactions, particularly following transfer from one setting
to another. This observation is not new, with previous
research also demonstrating failure or delay in considering
a diagnosis as the most common error among physician self-
reports of diagnostic error, and failure or delay in ordering a
test and following up a test as the next frequent causes [39].
Furthermore, there also appears to have been little chal-
lenge between staff about changing differentials or pursing
redundant ones within or across teams. Possible reasons
include hierarchy barriers which are often implicit and
known to exist across the care settings in this research and
may prevent junior staff handing over work to others [40, 41].
As a consequence this research suggests educators should
incorporate transition events into their teaching when
creating case scenarios so not only clinical content is dis-
cussed, but also the thinking necessary for verifying the
reasoning and decision-making rationale of colleagues
following handover.

There are several implications for healthcare and
healthcare education from this research. Firstly, clinical
reasoning teaching needs to move beyond the individual
arriving at their own diagnosis, and instead encourage
individuals to calibrate their rationale when making a
diagnosis with the thinking of others, especially when
there is complexity and uncertainty [42, 43]. This is
particularly important around the transitions of care, and
teaching case scenarios should include features which
provoke discussion about the cognitive factors which
may influence diagnostic decision-making as well. Sec-
ondly, although the concept of the extended diagnostic
team is gaining traction within healthcare [44] the roles
and responsibilities of individuals within this new para-
digm needs to be made explicit and trained so team
members feel able to challenge any perceived cognitive
factors despite the presence of a hierarchy or an authority
gradient between individuals [33, 45, 46]. The surgical
checklist has been transformative for patient safety out-
comes in this regard [47], therefore a diagnostic decision-
making checklist could be developed in a similar way
empowering all members of the team to discuss and
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raise concerns about the influence of cognitive factors in
where there is complexity and uncertainty. Finally,
further research could also explore the way all in-
dividuals can leverage the collective wisdom of the team
during daily reviews, ward rounds or handover events, to
ensure they have not necessarily closed down their
thinking too early or missed any outstanding tasks
in between shifts. This would require educators to intro-
duce the term ‘cognitive factors’ into clinical reasoning
teaching as well as the incorporate the language used to
communicate the various components into everyday
teaching involving case scenarios as well.

A strength of this research was the case-study
approach where individual interactions were analysed
in depth to identify causes of cognitive error using a va-
riety of data sources. This research also demonstrated the
relative ease with which a taxonomy for categorising
cognitive factors could be applied by three raters to a
complicated multisystem disorder case presentation. A
limitation of the research was that only a single case was
considered and not other simple or complicated cases.
Furthermore, there are now methods emerging which
dissect down the elements of a case as part of a ‘cognitive
autopsy’ which also demonstrate the multiplicative na-
ture of cognitive factors both proximally and distally to
each other [48]. This was not done as part of this research.
Likewise, the limitations of case reviews for investigating
diagnostic error are reported [6] therefore this study could
have also explored re-creating the case presentation in a
simulated setting to investigate the reproducibility of the
errors identified at any given interaction if time and
resource permitted.
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