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ABSTRACT
Background Diagnostic error is a global patient safety
priority.
Objectives To estimate the incidence, origins and
avoidable harm of diagnostic errors in English general
practice. Diagnostic errors were defined as missed
opportunities to make a correct or timely diagnosis based
on the evidence available (missed diagnostic opportunities,
MDOs).
Method Retrospective medical record reviews identified
MDOs in 21 general practices. In each practice, two trained
general practitioner reviewers independently conducted
case note reviews on 100 randomly selected adult
consultations performed during 2013–2014. Consultations
where either reviewer identified an MDO were jointly
reviewed.
Results Across 2057 unique consultations, reviewers
agreed that an MDO was possible, likely or certain in
89 cases or 4.3% (95% CI 3.6% to 5.2%) of reviewed
consultations. Inter-reviewer agreement was higher than
most comparable studies (Fleiss’ kappa=0.63). Sixty-four
MDOs (72%) had two or more contributing process
breakdowns. Breakdowns involved problems in the patient–
practitioner encounter such as history taking, examination
or ordering tests (main or secondary factor in 61 (68%)
cases), performance and interpretation of diagnostic
tests (31; 35%) and follow-up and tracking of diagnostic
information (43; 48%). 37% of MDOs were rated as
resulting in moderate to severe avoidable patient harm.
Conclusions Although MDOs occurred in fewer than
5% of the investigated consultations, the high numbers
of primary care contacts nationally suggest that several
million patients are potentially at risk of avoidable harm
from MDOs each year. Causes of MDOs were frequently
multifactorial, suggesting the need for development and
evaluation of multipronged interventions, along with policy
changes to support them.

INTRODUCTION
Diagnostic errors in primary care have
harmful consequences for patients/

caregivers, practitioners and health
systems.1 Preventable harm may occur
when undiagnosed conditions remain
untreated or when patients undergo
unnecessary (or harmful) tests. Primary
care underpins the UK health system, with
an estimated 340 million patient consultations in England annually (or approximately 85% of all National Health Service
doctor–patient encounters).2 Diagnostic
errors account for the greatest proportion
of malpractice claims against family practitioners (general practitioners, GPs) in
the UK (63%) incurring multiple costs.3
The WHO4 and the National Academy
of Medicine5 have identified measuring
and reducing diagnostic error as a patient
safety priority.4
Judging the magnitude of diagnostic
errors requires accurate and reliable
estimation. The scale and cause(s) of
such errors will vary across countries
and contexts. Diagnostic error is estimated to involve 5% of US adults in
the outpatient setting or approximately
12 million adults annually.6 A recent
study produced the first estimate for
the incidence of ‘avoidable significant
harm’ in UK primary care at 35.6 per
100 000 patient-years.7 However, that
rate includes all causes of avoidable
harm, with diagnostic error accounting
for around 60%. Using an established
definition of diagnostic error, defined
as missed opportunities to make a
correct or timely diagnosis based on the
evidence available, the current study
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Incidence, origins and avoidable
harm of missed opportunities in
diagnosis: longitudinal patient
record review in 21 English
general practices
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METHODS
Conceptual approach to measurement

Diagnostic errors include missed, delayed or wrong
diagnosis and how they are defined is a central issue
for measurement.8 One established approach defines
diagnostic error only when there is clear evidence of a
‘missed opportunity’ to make a correct or more timely
diagnosis: that is, something different could have been
done within the context of an evolving diagnostic
process. In this study, we used this approach to identify ‘missed diagnostic opportunities’ and excluded
clinical situations with no evidence for an opportunity
to intervene (see online supplemental figure S1).9 10
The aetiology of MDOs is multifactorial arising
via a complex interplay of contributory factors.11 To
characterise origins and potential contributory factors,
we used the ‘Safer Dx’ conceptual framework which
accounts for breakdowns in the processes of care
related to diagnosis.12 This framework involves five
interactive process dimensions that could be involved
in the breakdown: (1) the patient–provider encounter
(history, physical examination, ordering tests/referrals
based on assessment); (2) performance and interpretation of diagnostic tests; (3) follow-up and tracking of
diagnostic information over time; (4) subspecialty and
referral-specific factors; and (5) patient-related factors.
Multiple dimensions may be involved in any particular
MDO and the framework is designed to address both
cognitive and system-related factors.
The incidence of diagnostic errors has been estimated using different methods,9 each with strengths
and weaknesses.13 Retrospective patient record
reviews, focused on the care provided across a sample
of ‘index consultations’, are a widely used approach,14
and in the context of primary care allow for diagnostic
information and process to be traced over time, often
across multiple consultations and different settings of
care. But error rates based on single-reviewer assessments may be of insufficient validity and the use of
at least two independent reviewers is recommended.15
Even with two reviewers, reported rates of inter-
reviewer reliability have often been low.16–18
In this study, all included index consultations and
related case notes in the electronic health records
(EHRs) were first assessed by two reviewers acting
independently. In addition to providing data for calculating inter-reviewer agreement and confirmation of
identified MDOs, this also reduced the risk of any
MDOs being missed. Next, all consultations that one
or both reviewers regarded as involving an MDO were
reassessed by the two reviewers working together.
Rather than obligate reviewers to arrive at a consensus,
we allowed them the option to continue to disagree.
2

Sample
Practices

We originally planned a two-phase practice recruitment
and record review process.19 Phase 1 aimed to calibrate
reviewer performance in identifying and assessing
MDOs through the use of ‘double’ reviews of records
at 15 GP practices, while phase 2 involved further data
collection at upwards of 35 additional practices using
single reviewers. However, due to recruitment delays
and resource constraints we decided to conduct only
phase 1. We observed less clustering of MDOs within
practices than the protocol sample size calculations
had assumed, and calculated that a final sample of 21
practices would estimate the overall MDO rate within
95% error limits of ±2% at most. We performed
double reviewing at all 21 practices.
GP practices were recruited through face-
to-
face
meetings, letters and word of mouth. While based in
North West England, they were selected to be nationally representative in practice size and area deprivation. Practice size was coded in national quintiles of
registered patient numbers and area deprivation in
national quintiles of the 2010 English Index of Multiple
Deprivation (IMD) according to practice postcode.
The English IMD is a UK Government summary
measure across seven domains of deprivation (income,
employment, education, skills and training, health
and disability, crime, barriers to housing and services
and living environment),20 and is associated with area
healthcare need. The sample was broadly representative of national practice populations, excepting some
under-representation of highly affluent areas resulting
from regional demographics (online supplemental
table S1). Study practices had a median 2013/2014
English Quality and Outcomes Framework overall
score (a UK Government-derived measure of quality
of English primary care) close to the national median
(96.5% vs 96.2%), with the lowest scoring practice at
the national 9th percentile.
Patients

Reasons for consulting in primary care vary across the
year,7 therefore a random sampling frame was developed to ensure sampled consultations were spread
evenly across the calendar year, both within and across
practices. Each practice was assigned four 1-
week
periods within which consultations were sampled,
separated by 13-week intervals, ranging from 8 July
2013 to 8 December 2014. Starting dates were chosen
such that out of 84 sampling weeks in total, 7 were
from each calendar month (ie, 7 from January, 7 from
February, etc). For each sampling week, a random
sample of 25 face-to-face consultations by different
eligible patients was selected. All patients included
were aged 18 years or more at the start of the study
review period and were registered with the practice
from at least 3 months prior to the consultation to at
least 9 months after. Thus, 100 index consultations
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estimates the incidence, origins and avoidable harms
of ‘missed diagnostic opportunities’ (MDOs) in UK
primary care.
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Data collection

A two-stage approach was adopted (see online supplemental figure S2), as detailed previously.19 At stage 1,
a project administrator visited each practice to collect
data on an electronic data collection instrument
detailing the selected patients’ demographics (sex, age)
and basic health information (number of long-term
conditions, number of repeat medications, location of
the index consultation).
At stage 2, retrospective clinical review of the EHR
case notes was undertaken by trained GPs. Four GPs
with experience ranging from 2 to 42 years (average
19 years) visited the practices or remotely accessed
records to conduct the reviews. Each index consultation in all 21 practices was assessed by two reviewers.
The first reviewer, with more than 30 years’ experience as a GP, was the same individual for all practices (GP 1); the second reviewer was one of the three
remaining GP reviewers. Reviewer 1 conducted case
reviews at all 21 practices, while reviewer 2 evaluated
the same sets of records at 16 of these, and reviewers
3 and 4 at 3 and 2 practices respectively (see online
supplemental table S2). All reviewers received rigorous
hands-on training and pilot tested the review process
over multiple sessions.
A reviewer first assessed each index consultation
for the presence of any new diagnostic activity. Where
such activity was detected a full review was conducted,
otherwise the review was halted and the reviewer
moved on to the next randomly selected patient.
For each review, all relevant extracted information,
decisions made and supporting free text notes were
entered into an electronic case report form (CRF).
Under a full review, the content of the case notes was
assessed for a time window of at least 3 months prior
to the index consultation to a minimum of 9 afterwards, to allow the patient’s diagnostic journey to be
traced. Based on previous experience, this time frame
was expected to capture all the main relevant evidence
and allow large numbers of reviews to be completed
within the study period.18 However, to clarify some
MDOs and their impact, reviewers could extend the
time frame if deemed necessary. The data collection
instrument guided the reviewer through the record in
a systematic and structured manner, to form a professional judgement on the accuracy of each new diagnosis. The process was informed by two related tasks:
(1) searching for the presence, frequency and reason(s)
for six predefined ‘prompts’ potentially indicative of
MDOs (ie, consultations, referrals, hospital admissions, out of hours contacts, accident and emergency
attendance, imaging requests); and (2) consideration
of evidence in response to a set of eight questions
adapted from an earlier version of the Safer Dx instrument,21 a tool for evaluating primary care record
Cheraghi-Sohi S, et al. BMJ Qual Saf 2021;0:1–9. doi:10.1136/bmjqs-2020-012594

reviews for MDOs, which was under development at
that time in the USA (see online supplemental box S1).
At the end of this process the reviewer coded each new
diagnosis into one of six categories (see online supplemental box S2 and online supplemental table S2): (1)
diagnosis accurate and sufficient evidence to make a
confident determination of accuracy; (2) diagnosis
accurate but insufficient evidence to make a confident determination; (3) diagnosis accurate but incomplete and/or little or no evidence; (4) MDO possible
(professional interpretation but little or no documented evidence); (5) MDO likely (at least some documented evidence); and (6) MDO certain (compelling
documented evidence). To help understand the origins
of each MDO, reviewers were asked to determine the
corresponding breakdown process(es) involved. A
corresponding rating of the harm attributable to each
point scale, adapted
MDO was obtained using a 5-
from previously published work22 on the impact of
adverse effects in family practice: ‘no harm’, ‘mild
harm’, ‘moderate harm’, ‘severe harm’ and ‘unclear’.
Reviewers assessed the actual harm as evidenced in
the case notes and were guided by the definitions and
examples provided in the study manual (online supplemental box S3). For example, mild harms included
minor or inconvenient impacts without any residual
effect, such as unnecessary appointments; moderate
harms were those that caused prolonged distress or
impact, for example, prolonged distress resulting in
unnecessary sick leave; severe harms involved consequences with prolonged or permanent impact, for
example, preventable hospital admission/procedures/
complications, disease progression, disability or death.
MDOs where the reviewer was unable to make a determination were given an ‘unclear’ rating.
The procedures by which reviews were conducted
were designed to also promote calibration of reviewers’
rating behaviour over time. At each practice, the two
reviewers first independently reviewed case notes of
50 patients from the practice. All cases where at least
one reviewer identified an MDO were then jointly
discussed and an agreed final determination was
sought; however, agreement was not mandatory. Cases
where neither reviewer identified an MDO were not
jointly reviewed. This procedure was then repeated at
a later date for the practice’s second set of 50 patients.
Data analysis

When assessing the same index consultation, reviewers
could and did differ in the number and types of new
diagnoses they identified, making it impossible to
compare reviewer ratings at the level of individual
diagnoses within a patient. The unit of analysis was
therefore the consultation and not the diagnosis. Only
8.5% of all reviews identified more than one new
diagnosis. Therefore, where a reviewer made multiple
diagnoses, we selected the one with the highest MDO
rating along with the corresponding harm rating.
3
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per practice, along with associated case notes available
in the EHR, were selected for review across 1 year.
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Calculating reviewer agreement

We calculated rates of agreement within each main
grouping (no new diagnosis; new accurate diagnosis; MDO) between the first and second reviewers
separately for the ratings made independently and
jointly. We also computed agreement separately for
the records assessed in the first and second 50% of
review sessions, within each pair of reviewers. Agreement was computed as the percentage of consultations
where both reviewers gave the same rating, out of the
total number where either or both gave that rating. We
used the STATA V.15 user-written ‘kapci’ command to
compute Fleiss’ kappa (interpreted in the same way
as Cohen’s kappa) accounting for the use of three
different pairs of reviewers and to estimate CIs using a
non-parametric bootstrap method.

logistic regression was applied to investigate associations between MDOs and patient gender, age, number
of repeat medications, number of long-
term conditions and consultation location (practice or at home).
All but gender and location were treated as continuous
variables and practice as a random effect.
RESULTS
A total of 2100 individual consultations were sampled.
Seven were not examined due to administrative error
and 29 were subsequently found to be ineligible due
to: the patient being under 18 years (22 records); not
a face-to-face consultation (2); insufficient follow-up
(1); other reason (4). The resulting 2064 consultations
related to a patient sample with a mean age of 49.5
years (median 49; IQR 34–64; 18% ≥70), that was
41% male with a mean of 2.8 long-term conditions
and 2.8 repeat medications.
Independent reviewer assessments

Table 1 shows that acting independently, the first and
second reviewers rated reasonably similar percentages of index consultations as including no new diagnosis (45.2% vs 51.1%), a new and accurate diagnosis
(48.2% and 43.8%) or as implicating an MDO (6.6%
and 5.1%).
Inter-reviewer agreement

Calculating rates of MDOs

We considered an MDO to be present in an index
consultation if, after joint review, the two reviewers
agreed that an MDO was implicated as ‘possible’,
‘likely’ or ‘certain’. Consultations where the reviewers
disagreed on the presence of an MDO—despite having
reviewed the evidence together—were not considered
to involve an MDO. We computed the incidence of
confirmed MDOs as a percentage of all index consultations. We also report the number of MDOs mutually agreed to be ‘likely’ or ‘certain’ after joint review:
these represent cases for which both reviewers found
stronger documented evidence to exist in the record,
and hence for which certainty is greatest.
The STATA ‘proportion’ command was used
to estimate proportions and compute the corresponding 95% CI accounting for clustering of observations within practices. We used descriptive statistics
to summarise the characteristics of the identified
MDOs, including the medical conditions and breakdown processes involved. Univariate and multivariate
Table 1
Reviewer

Summary of number of practices visited and results of independent case reviews, by first reviewer and second* reviewer
Number of practices
visited

Number of case
reviews conducted

First reviewer
21
2064
Second reviewer
21
2064
*’Second’ reviewer refers to reviewers 2, 3 and 4 combined.
MDO, missed diagnostic opportunity.

4

Results for the built-in calibration exercise were mixed
(online supplemental table S3). Between the first and
second 50% of independent review sessions overall
agreement increased from 75.6% (776/1027) to
83.3% (864/1037): however, while agreement that a
consultation did not contain an MDO increased from
62.4% (370/593) to 71.6% (390/545), agreement on
an MDO dropped from 19.8% (23/166) to 13.2%
(12/91), though the numbers involved were small. We
therefore based all subsequent analysis on the full set
of 2064 consultations.
Overall agreement across all 2064 records was
79.4% (1640/2064) and the kappa coefficient was
0.63 (95% CI 0.60 to 0.66) (table 2). However,
reviewers were more likely to agree on the absence
of an MDO (66.8%; 760/1138) than on its presence
(16.9%; 35/207); a pattern observed in other error
rate studies.23 24
Of the 207 consultations identified by at least one
reviewer as implicating an MDO, 200 were subjected to
joint review, with seven omitted due to administrative

No new diagnosis

New, accurate
diagnosis

MDO implicated

933 (45.2%)
1055 (51.1%)

995 (48.2%)
903 (43.8%)

136 (6.6%)
106 (5.1%)
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Following the approach used by previous studies,13
for the main analysis we collapsed the ratings made
using the initial fine-grained coding scheme, together
with ratings of ‘no new diagnosis’, into three main
groupings: (1) no new diagnosis; (2) a new and accurate diagnosis was present (combining sufficient, insufficient and incomplete/no evidence); and (3) an MDO
was implicated (combining possible, likely and certain
MDOs). However, findings reporting the full 6-point
scale are presented where appropriate.

Original research

No new diagnosis

New accurate
diagnosis (no MDO)

MDO implicated

Overall agreement

Kappa* (95% CI)

Independent reviews
845/1143
760/1138
35/207†
1640/2064
0.63
(n=2064)
(73.9%)
(66.8%)
(16.9%)
(79.4%)
(0.60 to 0.66)
Joint reviews
858/1121
835/1106
89/105†
1782/2057
Not relevant
(n=2057‡)
(76.5%)
(75.5%)
(84.8%)
(86.6%)
*Kappa 95% CI estimated using 1000 bootstrap samples.
†Indicates that when reviewing independently, 35 consultations were coded as including an MDO by both reviewers, while another 172 (total=207) were
coded as an MDO by one reviewer but as no new diagnosis or a new accurate diagnosis by the other; resulting in 16.9% agreement (35/207×100%).
After the joint reviews 89 consultations were agreed by the reviewers to include an MDO, with another 16 (total=105) coded an MDO by one but not the
other; giving 84.8% agreement.
‡Excludes seven index consultations unintentionally omitted from the joint review exercise.
MDO, missed diagnostic opportunity.

oversight. In addition, for 56 jointly reviewed consultations, the agreed determination failed to be recorded
in the CRF at the time. For these consultations the
lead reviewer extracted a final determination from the
reviewers and observer’s notes of the meeting.
After the joint reviews, agreement on the presence
of an MDO increased to 84.8% (89/105). Table 3
provides a cross-tabulation of the joint review ratings
at the fine-grained level. Of 16 consultations where
the reviewers could not agree if an MDO was present
or not, in 15 instances one reviewer rated the consultation a possible MDO only, while the other coded it
as no MDO or no new diagnosis.
MDO incidence

After joint review, reviewers agreed that an MDO
was implicated in 89 of the 2057 index consultations,
giving an overall MDO rate of 4.3% (95% CI 3.6%
to 5.2%). Because new diagnostic activity was identified (by at least one reviewer) in only 1199 index
consultations (58%), we calculated the MDO rate for
this set separately and found it to be 7.4%. Of the 89
MDOs, 32 were jointly assessed as likely or certain,
representing the cases for which the reviewers agreed
the evidence was strongest.
Because of the risk that the 56 final determinations
made by the lead reviewer working from the joint
review notes could be of lower reliability, we assessed
this for potential impact. After recomputing the MDO
rate using each reviewer’s independent rating for these
cases, we found only a small change in the number of
confirmed MDOs, which reduced from 89 (4.3%) to
80 (3.9%).
Characteristics of the MDOs

The identified MDOs are summarised in table 4:
nearly 50% involved diseases of the genitourinary
system, skin/subcutaneous tissue, digestive system; and
endocrine, nutritional and metabolic diseases. Online
supplemental box S4 provides specific examples of
some of the MDOs, along with associated levels and
types of harm.
Cheraghi-Sohi S, et al. BMJ Qual Saf 2021;0:1–9. doi:10.1136/bmjqs-2020-012594

The most common factors contributing to MDOs
(table 5) were problems within the patient–practitioner encounter (such as history, physical examination
and ordering of diagnostic tests), which was the main
contributing factor in 52 (58%) cases and a secondary
factor in another 9 (10%). This was followed by
performance and interpretation of diagnostic tests,
which was a main factor in 22 (25%) and a secondary
factor in 9 (10%), and issues relating to follow-up and
tracking of diagnostic information, a main factor in 21
(24%) and secondary factor in 22 (24%). Sixty-four
(72%) of the identified MDOs were judged to have
two or more process breakdowns (online supplemental
table S4).
Table 6 summarises associations between the presence of an MDO and available patient characteristics.
Consultation location was excluded due to low variation. P values varied considerably under the univariate
and multivariate models as a result of high intercorrelations and no consistently significant relationships
were found.
Harm ratings

Thirty-
three (37.1%) of the MDOs were rated as
having caused moderate or severe patient harm, based
on the highest rating from each reviewer pair (online
supplemental table S5), implying a significant degree
of physical or psychological distress and possibly
prolonged or permanent consequences. Another 47
(52.8%) caused only mild harm, mostly patient inconvenience. Very few MDOs were assessed to have
caused no harm (5; 5.6%) or to be unclear in their
impact (4; 4.5%).
DISCUSSION
Reviewer pairs agreed that an MDO was implicated in 89 index consultations (4.3%). Of these,
33 (37%) were assessed to have caused moderate or
severe patient harm. Overall rates of inter-reviewer
agreement and the kappa value were considerably
higher than has been reported by most other diagnostic error studies.15 16 18 23 Our findings add to the
5
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Table 2 Summary of reviewer rates of agreement for the independent and joint reviews (number of index consultations rated as such by
both reviewers/number rated as such by either; % agreement)

932
104
320
599
68
27
7
2057
0
0
0
1
7
7
7
22
0
0
0
2
40
2
0
44
23
18
96
164
1
0
0
302
858
18
41
126
4
0
0
1047

No new
diagnosis

36
64
146
176
4
0
0
426

15
4
37
130
4
0
0
190

0
0
0
0
8
18
0
26

Missed
diagnostic
opportunity
certain
Missed
diagnostic
opportunity
likely
Missed
diagnostic
opportunity
possible
New, accurate
diagnosis, with
incomplete
evidence
New, accurate
diagnosis, with
insufficient
evidence
New, accurate
diagnosis,
with sufficient
evidence

ICD-10 chapter

No new diagnosis
New, accurate diagnosis, with sufficient evidence
New, accurate diagnosis, with insufficient evidence
New, accurate diagnosis, with incomplete evidence
Missed diagnostic opportunity possible
Missed diagnostic opportunity likely
Missed diagnostic opportunity certain
Total

Count

Diseases of the genitourinary system
11
Diseases of the skin and subcutaneous tissue
11
Diseases of the digestive system
9
Endocrine, nutritional and metabolic diseases
9
Diseases of the circulatory system
8
Diseases of the respiratory system
8
Mental and behavioural disorders
8
Neoplasms
5
External causes of morbidity and mortality
3
Medication side effects
3
Symptoms, signs and abnormal clinical and laboratory findings 3
Certain infectious and parasitic diseases
2
Diseases of the blood
2
Diseases of the musculoskeletal system and connective tissue
2
Diseases of the nervous system
2
Diseases of the ear and mastoid process
1
Pregnancy, childbirth and the puerperium
1
1
Symptoms and signs involving the skin and subcutaneous
tissue
Total
89
ICD-10, International Classification of Diseases, 10th Revision.

growing evidence of the burden of diagnostic error
in the UK. Across 12 randomly invited practices,
Avery et al7 recently found 74 instances of avoidable
harm among 2131 UK consultations with a significant new health problem, of which 45 were due
to diagnostic errors (wrong or delayed diagnosis),
suggesting a diagnostic error rate of 2.1%. A comparable figure from our study—based in a different
health region and using a different study design,
Table 5 Number (%) of reviewer-assessed contributing factors
to the MDOs

Contributing factor

First reviewer

Second reviewer

Cross-tabulation of first reviewer and second reviewer classifications of index consultations after the joint reviews
Table 3

6

Table 4 Summary of the missed diagnoses identified after joint
review

MDOs with
this as the lead
contributing
factor
n (%*)

MDOs with this
as the lead or
a secondary
contributing factor
n (%*)

Patient–practitioner clinical 52 (58)
61 (68)
encounter
22 (25)
31 (35)
Performance and/or
interpretation of diagnostic
tests
Follow-up and tracking of 21 (24)
43 (48)
diagnostic information
Subspecialty and referral
11 (12)
17 (19)
related
Patient-specific processes
5 (6)
14 (16)
Unclear
1 (1)
3 (3)
Percentages add to >100% due to multiple contributing factors for each
MDO.
*Denominator is index consultations with at least one MDO, n=89.
MDO, missed diagnostic opportunity.
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Total

Original research

Original research
Summary of logistic regression relating patient characteristics to the occurrence of an MDO
Patients with
a confirmed
MDO (n=89)

Patients with Univariate analysis
no confirmed
MDO
(n=1961)*
OR (95% CI)

Multivariate analysis
P value

OR (95% CI)

P value

Age, mean (SD)
52.0 (17.4)
49.4 (18.3)
1.08‡ (0.98 to 1.19)
0.112
1.11‡ (0.99 to 1.26)
0.077
Male, n (%)
39 (44)
801 (41)
1.13 (0.85 to 1.51)
0.407
1.12 (0.83 to 1.50)
0.458
Repeat medications,
2.7 (3.5)
2.8 (3.6)
0.97 (0.94 to 1.04)
0.601
0.94 (0.88 to 1.00)
0.056
mean (SD)
Long-term conditions,
2.9 (2.5)
2.8 (2.3)
1.03 (0.93 to 1.14)
0.564
1.04 (0.92 to 1.17)
0.548
mean (SD)
Consultation location, n (%)§
 Practice
88 (99)
1936 (99)
NA
NA
NA
NA
 Home
1 (1)
18 (1)
*Seven patients excluded due to missing covariate data.
†Excluding number of long-term conditions due to high multicollinearity (r=0.63 with number of medications; r=0.55 with age).
‡OR for a 10-year change in age.
§Not included in logistic model because only one patient with an MDO was seen at home.
MDO, missed diagnostic opportunity; NA, not applicable.

error definition and approach to measurement—is
the 33 MDOs associated with more than just mild
harm out of 1199 consultations with new diagnostic
activity, 2.8%. Our results are also comparable to US
estimates of diagnostic errors in outpatient care.18
While more than 95% of consultations in our study
did not involve an MDO, there are an estimated 340
million consultations in UK general practice annually.25 This suggests that should the MDO rate of
4.3% in our practice sample be replicated nationally, there could be up to 15 million MDOs nationally, with up to 6 million associated with potentially
avoidable moderate to severe patient harm.
Given the complexity of general practice, estimating diagnostic errors in primary care is challenging.26 GPs are often tasked with identifying
patients with a serious disease from large numbers
who present with common symptoms and mostly
benign non-urgent diseases, many of which evolve
over time.27 A significant proportion of face-to-face
consultations are for reasons other than making a
diagnosis. Nonetheless, although reviewers often
differed about fine-grained details such as levels of
available evidence and degrees of confidence that
an MDO had occurred, joint review agreement was
high regarding the essential question of whether or
not a consultation included a missed opportunity to
make a diagnosis.
Although the vast majority of GP consultations
occur without incident, errors occur for a wide
variety of reasons and many missed opportunities
had multifactorial cognitive and system origins.
Poor communication and care coordination between
healthcare professionals and difficulties in doctor–
patient communication occurred similar to prior
studies.28 Several factors were beyond the control
of the clinician (eg, system or patient factors),29
such as when patients did not attend appointments
Cheraghi-Sohi S, et al. BMJ Qual Saf 2021;0:1–9. doi:10.1136/bmjqs-2020-012594

Sensitivity p
value†
0.022
0.479
0.131
–

NA

for tests or referrals and premature discharge from
secondary care. The risk of error may increase with
increasing workload pressures,25 patient care across
multiple settings of care, resource-constrained work
environments and complexity of patients.30 Physician stress and associated burn-out can also be associated with increased medical error,31 as can GPs not
looking beyond the most obvious diagnosis or not
considering atypical presentations.32 The COVID-19
pandemic and associated pressures on the health
system are likely to increase the risk of MDO
occurrence for many reasons,33 and have already
been shown to have an impact in the UK on many
conditions commonly seen in primary care.34 Understanding the reasons for MDOs and monitoring their
occurrence should be a priority for the UK health
system going forward.
We used a representative sample of practices and
large sample of patients randomly selected from
adult face-
to-
face consultations across a 1-
year
period. All records were assessed for MDOs by two
trained reviewers working both independently and
jointly, to minimise the risk of underidentification
and provide confirmation of MDOs. Despite building
a calibration process into the design, the impact
on inter-
reviewer agreement when working indereviewer
pendently was mixed. Nonetheless, inter-
agreement and the kappa statistic were higher than
most comparable studies of diagnostic error and the
large majority of disagreements were resolved by
joint review.
There were several study limitations. Our practice sample was restricted to North West England.
However, our results compare well with those of
Avery et al using practices from three other UK
health regions. The case notes reviewed related
mostly to care provided in 2014 and 2015 (including
follow-
up), and so may not fully reflect current
7
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Table 6

Original research

CONCLUSION
MDOs occurred in fewer than 5% of the investigated consultations. Nonetheless, the high numbers of
primary care contacts nationally suggest that several
million UK patients are potentially at risk of avoidable harm each year due to MDOs. Causes of MDOs
are frequently multifactorial suggesting the need for
multipronged interventions including policy changes
that support them. Understanding the reasons for
MDOs and monitoring their occurrence should be a
priority for all health systems going forward.
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diagnostic activity or rates of MDOs. However, we
are unaware of any specific changes in daily practice that would have influenced our findings had we
done this study more recently, for example in 2019
(before the pandemic). Future studies should nevertheless evaluate more recent patterns. Our sampling
frame purposely excluded patients with less than 9
months of follow-
up, allowing sufficient time for
harmful consequences to emerge and be identified,
but as a result MDOs of moderate/severe harm
leading to early practice transfer-out or death may
be under-represented. While retrospective methods
are susceptible to hindsight/observer bias in judgements about error determination,35 they provide
opportunities to review longitudinal data that reflect
the evolution of the diagnostic process culminating
in a final diagnosis.17 The judgement of whether an
MDO occurred is based on evidence contained in
the case notes minimising subjective interpretation;
nevertheless, variations in documentation and coding
across practices make this assessment complex,
and subject to reviewer judgements. Keeping one
reviewer the same for all reviewed consultations may
have increased consistency of assessments, but may
have also induced some bias towards that reviewer’s
subjective viewpoints. Information on mitigating
factors and other contextual information are often
missing from case notes, making it difficult to determine what the clinician was thinking at the time of
the diagnosis. Finally, ratings of harm severity were
based on available evidence over the time span of the
reviewed case notes, which may have failed to pick
up the longer term impacts of some MDOs. Hence,
in some cases, the true extent of harm may have been
underestimated.
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Supplementary file
Table S1: Number of participating practices by list size and index of multiple
deprivation quintiles
Index of multiple deprivation 2010 quintile
List size quintile
1 (smallest)
2
3
4
5 (largest)
Total

1
(least
deprived)
0
0
0
0
1
1

2

3

4

1
0
0
1
1
3

0
1
2
0
1
4

1
2
1
1
2
7

5
(most
deprived)
1
1
3
1
0
6

Total

3
4
6
3
5
21
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Table S2: Summary of number of practices visited and results of independent case reviews, by reviewer
Number
Number
of
of case
Reviewer
practices
reviews
visited conducted

New, accurate diagnosis
No new
diagnosis

Sufficient
evidence

Insufficient
evidence

MDO implicated

Incomplete
Combined
evidence

Possible

Likely

Certain

Combined

1

21

2064

933
45.2%

103
5.0%

319
15.5%

573
27.8%

995
48.2%

103
5.0%

27
1.3%

6
0.3%

136
6.6%

2

16*

1573

848
53.9%

331
21.0%

194
12.3%

114
7.2%

639
40.6%

47
3.0%

18
1.1%

21
1.3%

86
5.5%

3

3*

294

108
36.7%

84
28.6%

59
20.1%

32
10.9%

175
59.5%

9
3.1%

1
0.3%

1
0.3%

11
3.7%

4

2*

197

99
50.3%

22
11.2%

55
27.9%

12
6.1%

89
45.2%

8
4.1%

1
0.5%

0
0.0%

9
4.6%

2, 3, 4^

21

2064

1055
51.1%

437
21.2%

308
14.9%

158
7.7%

903
43.8%

64
3.1%

20
1.0%

22
1.1%

106
5.1%

MDO=Missed Diagnostic Opportunity
*Independent sub-sets of the 21 practices also visited by reviewer 1
^Reviewers 2, 3 and 4 combined.
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Table S3: Summary of reviewer rates of agreement when acting independently, for first and second 50%^ of review
sessions (number of index consultations rated as such by both reviewers/number rated as such by either; % agreement)
No new diagnosis

New accurate diagnosis

MDO implicated

Overall

First 50% of review
sessions (n=1027)

383/569 (67.3%)

370/593 (62.4%)

23/116 (19.8%)

776/1027 (75.6%)

Second 50% of review
sessions (n=1037)

462/574 (80.5%)

390/545 (71.6%)

12/91 (13.2%)

864/1037 (83.3%)

MDO=Missed Diagnostic Opportunity
^Split by chronological order, within each pair of reviewers
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Table S4: Number of reviewer-assessed contributing factors to each MDO
Number of contributing factors
1
2
3
4
5
Total

n (%)
25 (28)
38 (43)
22 (25)
3 (4)
1 (1)
89 (100%)

MDO=Missed Diagnostic Opportunity

Table S5: Distribution of potential harm ratings associated with the MDOs
Harm rating*
Unclear
No harm
Mild harm
Moderate harm
Severe harm
Total

n (%)
4 (4.5)
5 (5.6)
47 (52.8)
21 (23.6)
12 (13.5)
89 (100%)

*Highest harm rating across the reviewers
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Box S1 Structured data collection questions
Q1. The content of earlier encounters 3 months prior to the index consultation (history,
examination, differential diagnoses) suggest an alternate index diagnosis that was not considered
Q2. The content of (history, examination, differential diagnoses) suggests an alternate diagnosis
that was not considered
Q3. Diagnostic testing data (laboratory, radiology, pathology etc) were suggestive of an alternate
diagnosis which was not considered or misinterpreted
Q4. Alarm symptoms or ‘Red flag’ (i.e. features in the clinical presentation that are considered to
predict serious disease) were not acted on
Q5. Clinical information present in the index consultation should have prompted additional
evaluation (examination, referral, investigation, follow-up appointment)
Q6. The ‘final’ diagnosis was an evolution of the initial presumed index diagnosis
Q7. The clinical presentation at the index consultation was atypical given the final diagnosis
Q8. Subsequent encounters 9 months since the index consultation (out-of-hours service,
Accident & Emergency department, specialist clinics, practice consultations) suggest missed
diagnostic opportunities

5
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Box S2: Definitions used by reviewers when categorising diagnostic information from index
consultations
1. No new diagnosis
This rating was given unless one of three possible types of diagnosis was identified:
a. Those that were recorded by the diagnostician i.e. new diagnosis).
b. Diagnoses inferred from the record, of two forms: (i) ‘Diagnosis by action’ - the reviewer
infers that a diagnosis has been made by the clinician during the index consultation by
using both the recorded symptom and ensuing actions e.g. treatments etc; (ii) ‘Diagnosis
inferred by reviewer’ - the reviewer infers from the information that a diagnosis should
have or could have been made by the clinician in the index consultation but was not
made/recorded.
c. Diagnoses that were made before the index consultation by another clinician but that
comes to light during the index consultation
2. Diagnosis accurate and sufficient evidence
The diagnosis should: (i) be clear, specific and ‘complete’; and (ii) be confirmed by sufficient and
documented evidence from the medical record. If a patient does not consult again because of
the index problem, this is not to be considered as ‘evidence’ that the diagnosis was correct or
that it had resolved.
3. Diagnosis accurate but insufficient evidence
The diagnosis should: (i) be clear and accurate but less precise and/or specific compared with a
rating of ‘1’; and (ii) have at least some documented evidence of its accuracy in the record.
4. Diagnosis accurate but incomplete or little/no evidence
The diagnosis should be: (i) related to the ‘final’ diagnosis but less precise, clear and/or specific
compared with ratings of ‘2’ or ‘3 above’; and/or (ii) there should be very little or no
documented evidence of its accuracy in the medical record.
5. Missed diagnostic opportunity possible
The diagnosis should: (i) be different when compared with the final diagnosis, but the difference
should be less than for ratings of ‘6’ or ‘7’ below; and (ii) have little or no documented, objective
evidence in support of a diagnostic error. In other words, the judgment relied mainly on the
reviewers’ professional interpretation.
6. Missed diagnostic opportunity likely
The diagnosis should: (i) be substantially different from the final diagnosis; and (ii) have at least
some documented evidence to support the presence of a missed diagnostic opportunity.
7. Missed diagnostic opportunity certain
The diagnosis should: (i) be completely different from the final diagnosis; and (ii) have
compelling evidence documented to this effect.
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Box S3: Definitions used by reviewers when assessing degree of harm from missed diagnostic
opportunities (MDOs)
1. No harm
This rating includes ‘near misses’ and instances where harm was mitigated.
Example:
An index diagnosis of a ‘incisional hernia’ was made in a patient who had recently undergone
surgical resection of colon cancer. The patient subsequently had a specialist review and CT scan
that excluded this diagnosis. In this example, the specialist review and CT scan had previously
been arranged to evaluate the treatment of his cancer. The diagnostic error therefore did not
cause the patient any inconvenience, e.g. additional or extra investigations or harm and its
impact was coded as ‘1’. However, if an otherwise healthy patient had been referred with an
index diagnosis of ‘hernia’ and was subsequently found not to have this problem, the impact
should have been rated as ‘2’.
2. Mild harm
This rating includes any MDO with an impact on patients that are judged to be minor or
inconveniences, such as unnecessary follow-up appointments (in any setting), treatments and/or
investigations. The impact of MDOs with a rating of ‘2’ should be transient and without any
residual effect.
Example:
The index diagnosis was ‘iron deficiency’ and the patient was commenced on supplementary
iron tablets. However, subsequent haematinics and FBC were normal. The patient was
informed of the results and advised to stop the treatment. The reviewer coded the diagnostic
error’s impact as ‘2’. However, if the patient had developed severe constipation resulting in an
anal fissure as a result of the iron tablets, the impact of the diagnostic error should have been
rated as ‘3’.
3. Moderate harm
A pragmatic test of the severity of harm is for reviewers to consider how they would have felt if
the impact had been on them personally. Moderate harm includes physical or psychological
distress, but should always be self-limiting in nature and completely resolve without
complication over time.
Example:
The index diagnosis was ‘soft tissue injury of foot’ while the final diagnosis several months later
(confirmed through biochemistry) was ‘gout’. Further review of the record found that this
patient had presented on several occasions with recurrent episodes of significant pain resulting
in time off work. The reviewer therefore rated harm as ‘3’. However, if the patient had
developed gouty tophi after years of untreated gout, then harm should have been rated as ‘4’.
4. Severe harm
Any harm with prolonged or permanent impact; e.g. preventable hospital
admission/procedures/complications, disease progression, disability or death.
Example:
The index diagnosis was irritable bowel syndrome but the final diagnosis, many months later,
was histological confirmed metastatic bowel cancer.
5. Unclear
Reviewers also have the option to select ‘unclear’ if there is not sufficient evidence in the record
to make a judgment.
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Box S4: Examples of identified missed diagnoses, by level of harm caused

No Harm

Mild Harm

Example 1

Example 2

Example 3

Ischaemic Heart Disease*

Asthma

Folliculitis

Female age <50 presented with leg
cramps in her calf after a long flight.
The GP examined her and ruled out
Deep Vein Thrombosis, with the
advice to take ibuprofen. Although
the correct diagnosis of the
presenting symptoms was made
(i.e. to rule out the suspected DVT
by the patient), the GP should have
also attended to other information
available at the time of the index
consultation, which stated that the
patient had recently been admitted
to hospital and told that she had
had a myocardial infarction. This
was then confirmed by another GP
who conducted the follow-up
investigations a week later and
confirmed the patient as having
ischaemic heart disease (IHD). The
rapid pick up of the issue by
another GP resulted in no harm
being done to the patient.

Male age <50. Index
consultation notes
indicated a suspected
chest infection due to
chesty cough symptoms
and recorded as ‘likely
viral’. However, the
patient’s history of
asthma was not taken
into account and in fact
the recent Peak Flow
Rate data available to
the GP suggested an
exacerbation of asthma.
The patient had a history
of non-compliance with
their asthma medication
in a later consultation
had again stopped their
asthma medication.
Despite the misdiagnosis
of a viral infection, no
harm appears to have
come to the patient who
also continued their nonadherence to their
asthma medication.
Diabetes Mellitus –
lengthening of
symptoms due to
untreated condition
Female age >50
presented with
symptoms of Diabetes
Mellitus and was
worried that she had
Diabetes Mellitus. Blood
tests were performed a
week later and
confirmed the diagnosis
but the GP did not act on
the findings and the
patient did not receive
the diagnosis until 3
months later. An
unnecessary diagnostic

Female age <50
presented with scaly
nodular lesions in the
pubic area, with a
follicular distribution.
Notes indicated that
initially the GP
suspected fungal origins.
Further consultations
indicated issue however
was most likely due to
shaving. Patient was
advised to stop shaving
the area but the patient
declined. No harm
appears to have come
from the initial fungal
misdiagnosis.

Burning mouth syndrome –
lengthening of symptoms and an
unnecessary referral.
Female age >50, had been seen by
dentist prior to the index
consultation with a sore mouth
which they’d had for a month and
which did not respond to
antibiotics. At the index
consultation thrush was suspected
by the GP but the findings noted
were not typical for thrush. The
diagnosis of burning mouth
syndrome was already suggested by
the dentist’s findings and the
absence of clear cut signs of thrush
which was the GP’s diagnosis. The
ultimate diagnosis of burning

Florid Impetigo –
worsening of symptoms
plus wrong treatment.
Male age <50. Index
consultation notes state
'likely viral' for the
presenting symptoms
and yet the patient was
also noted to have
spots. The patient
returned a few days
later with a rash on the
left cheek which the GP
then determined was
"florid impetigo" that
needed a prolonged
course of Flucloxacillin
to treat successfully.
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mouth syndrome was not surprising
in view of the history and findings.
Treatment with drugs for
neuropathic pain such as
amitriptyline are well established
and pretty safe approaches that
could have been tried by the GP
before the unnecessary referral was
made by the GP to secondary care.
Prostatitis – Lengthening of
symptoms, undergone unnecessary
tests, prolonged distress and
unnecessary referral.
Male age >50. At the index
consultation no differential
diagnosis was given to explain the
symptoms of being unwell, hot and
cold plus burning in the urethra.
Rectal examination was not
performed even though the hall
mark symptoms of prostatitis had
been elicited in the history. A
battery of tests was ordered which
picked up an abnormality that led
to secondary care referral which
took some time to happen. Had
examination been done, then tests
may not have been necessary and
could have avoided secondary care
referral and prolonged symptoms.

Severe
Harm

Endometrial Cancer – disease
progression with permanent impact
via the severely delayed diagnosis
of cancer.

BMJ Qual Saf

delay in a patient that
was symptomatic at
presentation.

Atypical Face Pain –
lengthening of
symptoms over months
and prolonged distress
due to the pain.
Female age >50. This
patient had had long
standing pains in the jaw
following an extraction.
Treated with multiple
courses of antibiotics to
no avail. In the January
prior to the index
consultation dental
specialists indicated that
the cause of the pain
was atypical facial
pain/complex facial pain
syndrome and treatment
with a Tricyclic
antidepressant was
recommended. This info
was not acted on until
many months later and
the Tricyclic
antidepressant did seem
to help the patient.
Bladder Cancer - disease
progression with
permanent impact via
the severely delayed
diagnosis of cancer.

Gallstones - lengthening
of symptoms and
prolonged distress due
to the pain.
Male age <50 presented
with abdominal pain in
the index consultation.
However, in a visit to
Accident and Emergency
a few weeks prior to the
index consultation,
there was mention of a
documented gallstone
and possible pancreatitis
on a USS in the letter
from A & E. This was
not picked up by the GP
and the patient
continued to have
symptoms. Eventually a
referral was made after
some time by another
GP, however the patient
did not attend the
review.
Warfarin induced rectal
bleeding – the patient
suffered unnecessary
and invasive
investigation as well as
lengthening of
symptoms and
complications after
surgery related to the
error.
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Female age <50. Ultrasound Scan
on pelvis showed a lesion and she
was referred to secondary care with
the report. The hospital booking
team failed to make contact with
her on several occasions. The
gynaecology team did not get round
to doing hysteroscopy planned in
2013 until March 15. Meanwhile
she had been referred to urologist
for possible stones. CT scan showed
peritoneal lymph glands thoughts to
be of dubious significance, referred
to haematologists who surmised
issues not due to lymphoma.
Patient referred back to GP who
referred on 2 week wait [urgent
referral] to gynaecologist on
receiving the results from the
urologist. Then gynaecology did
biopsy of endometrial polyp and
found endometrial cancer resulting
in Total Abdominal Hysterectomy
and Oophorectomy. In summary - a
series of issues. There was
incomplete diagnostic evaluation by
gynaecology when they did not
follow through on the endometrial
polyps, cancelled appointments and
a failure to organise hysteroscopy.
A repeated failure of attempts to
contact patient to arrange
appointments and from the GP for
not pursuing these issues.
Drug Misuse

Female age >50. Patient
was referred for
haematuria but then did
not attend the clinic.
Patient then seen again
by GP about unrelated
issues and with urinary
issues. Patient was
referred again,
cystoscopy requested
which she did not
attend. Patient had CT
scan which showed
hydronephrosis, she
then eventually did have
cystoscopy which
confirmed cancer. She
did not accept treatment
initially preferring to
have herbal remedies
and also travelled
abroad for some
treatments. She missed
subsequent oncology
appointments and
continued herbal
treatments. She had
capacity to decide and
language issues
addressed, eventually
did have chemotherapy
months later.

Male >50. This man has
been investigated for
rectal bleeding which in
the notes the GP had
written to have "started
after starting warfarin"
with no abnormality on
colonoscopy. Bleeding
was then attributed by
the GP to piles.
Haematology
investigations were
conducted for Iron
deficiency and high
reticulocytes and
pancytopenia. The GP
did not consider the
effects of his warfarin as
the cause of the
bleeding. Patient went
on to have prolonged
bleeding after a Carpal
Tunnel Syndrome
operation too.

Chronic Obstructive
Pulmonary Disease

Depression

Male age >50. The patient had
recently attended a Transient
Ischaemic Attack clinic. The clinic
had recorded the issue and made
the diagnosis of drug misuse. It was
also mentioned on two previous
occasions in prior consultations as
recorded in the notes. The clinic
letter and other diagnostic
information (prior notes) relating to
the drug misuse, were available to
the GP at the index consultation but
it was not picked up or coded. It is
unclear why the drug use not
picked up or addressed. Harm was
not clear because no further

Male age >50. GP notes
suggest a chest infection,
however the GP did not
seem to take into
account that the patient
had previously had
numerous other "chest
infections" in the notes
prior to the index
consultation. The patient
subsequently presented
to another GP with
persistent respiratory
symptoms, and was
referred through to the
practice nurse for

Female age <50
presented with
symptoms of being tired
all the time and with
psychological
disturbances. Her bloods
were OK. The history
obtained outlined
multiple traumatic
issues in her life
including the patient
having refugee status,
and her husband being
imprisoned and
tortured. A referral for
psychiatric assessment

BMJ Qual Saf

10

Cheraghi-Sohi S, et al. BMJ Qual Saf 2021;0:1–9. doi: 10.1136/bmjqs-2020-012594

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

mention of drug use and it was
therefore unclear if he continued
using and whether this may have
had effects on his blood pressure
which was raised, in later
consultations. The details of drug
use were not explored and whether
there were links if any to his
Ischaemic Heart
Disease/Cerebrovascular Accident
symptoms.

spirometry, which
showed that he had
COPD one month later.
The patient was then
prescribed an inhaler. It
is unclear what harm the
patient came to from
this short delayed
diagnosis as the patient
did not re-attend in the
interim, condition
appeared not to
deteriorate and the
correct treatment was
prescribed swiftly upon
the diagnosis being
made.

BMJ Qual Saf

was discussed in the
index consultation
indicating that the GP
suspected further
psychological issues to
her current depressive
state. No referral or
follow up occurred
however for the patient
who also didn’t consult
again with this issue so it
is unclear as to the harm
outcomes for this
patient.

*Missed diagnosis and main harms caused (where relevant)

Figure S1 Conceptual Model of Missed Opportunities in Diagnosis (MDOs). MDOs are events falling into
areas A and B of the model. Source: Singh et al1
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Incidence, origins and avoidable harm of missed opportunities in diagnosis: longitudinal patient
record review in 21 English general practices
Supplementary file
Table S1: Number of participating practices by list size and index of multiple
deprivation quintiles
Index of multiple deprivation 2010 quintile
List size quintile
1 (smallest)
2
3
4
5 (largest)
Total

1
(least
deprived)
0
0
0
0
1
1

2

3

4

1
0
0
1
1
3

0
1
2
0
1
4

1
2
1
1
2
7

5
(most
deprived)
1
1
3
1
0
6

Total

3
4
6
3
5
21
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Table S2: Summary of number of practices visited and results of independent case reviews, by reviewer
Number
Number
of
of case
Reviewer
practices
reviews
visited conducted

New, accurate diagnosis
No new
diagnosis

Sufficient
evidence

Insufficient
evidence

MDO implicated

Incomplete
Combined
evidence

Possible

Likely

Certain

Combined

1

21

2064

933
45.2%

103
5.0%

319
15.5%

573
27.8%

995
48.2%

103
5.0%

27
1.3%

6
0.3%

136
6.6%

2

16*

1573

848
53.9%

331
21.0%

194
12.3%

114
7.2%

639
40.6%

47
3.0%

18
1.1%

21
1.3%

86
5.5%

3

3*

294

108
36.7%

84
28.6%

59
20.1%

32
10.9%

175
59.5%

9
3.1%

1
0.3%

1
0.3%

11
3.7%

4

2*

197

99
50.3%

22
11.2%

55
27.9%

12
6.1%

89
45.2%

8
4.1%

1
0.5%

0
0.0%

9
4.6%

2, 3, 4^

21

2064

1055
51.1%

437
21.2%

308
14.9%

158
7.7%

903
43.8%

64
3.1%

20
1.0%

22
1.1%

106
5.1%

MDO=Missed Diagnostic Opportunity
*Independent sub-sets of the 21 practices also visited by reviewer 1
^Reviewers 2, 3 and 4 combined.
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Table S3: Summary of reviewer rates of agreement when acting independently, for first and second 50%^ of review
sessions (number of index consultations rated as such by both reviewers/number rated as such by either; % agreement)
No new diagnosis

New accurate diagnosis

MDO implicated

Overall

First 50% of review
sessions (n=1027)

383/569 (67.3%)

370/593 (62.4%)

23/116 (19.8%)

776/1027 (75.6%)

Second 50% of review
sessions (n=1037)

462/574 (80.5%)

390/545 (71.6%)

12/91 (13.2%)

864/1037 (83.3%)

MDO=Missed Diagnostic Opportunity
^Split by chronological order, within each pair of reviewers
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Table S4: Number of reviewer-assessed contributing factors to each MDO
Number of contributing factors
1
2
3
4
5
Total

n (%)
25 (28)
38 (43)
22 (25)
3 (4)
1 (1)
89 (100%)

MDO=Missed Diagnostic Opportunity

Table S5: Distribution of potential harm ratings associated with the MDOs
Harm rating*
Unclear
No harm
Mild harm
Moderate harm
Severe harm
Total

n (%)
4 (4.5)
5 (5.6)
47 (52.8)
21 (23.6)
12 (13.5)
89 (100%)

*Highest harm rating across the reviewers
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Box S1 Structured data collection questions
Q1. The content of earlier encounters 3 months prior to the index consultation (history,
examination, differential diagnoses) suggest an alternate index diagnosis that was not considered
Q2. The content of (history, examination, differential diagnoses) suggests an alternate diagnosis
that was not considered
Q3. Diagnostic testing data (laboratory, radiology, pathology etc) were suggestive of an alternate
diagnosis which was not considered or misinterpreted
Q4. Alarm symptoms or ‘Red flag’ (i.e. features in the clinical presentation that are considered to
predict serious disease) were not acted on
Q5. Clinical information present in the index consultation should have prompted additional
evaluation (examination, referral, investigation, follow-up appointment)
Q6. The ‘final’ diagnosis was an evolution of the initial presumed index diagnosis
Q7. The clinical presentation at the index consultation was atypical given the final diagnosis
Q8. Subsequent encounters 9 months since the index consultation (out-of-hours service,
Accident & Emergency department, specialist clinics, practice consultations) suggest missed
diagnostic opportunities
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Box S2: Definitions used by reviewers when categorising diagnostic information from index
consultations
1. No new diagnosis
This rating was given unless one of three possible types of diagnosis was identified:
a. Those that were recorded by the diagnostician i.e. new diagnosis).
b. Diagnoses inferred from the record, of two forms: (i) ‘Diagnosis by action’ - the reviewer
infers that a diagnosis has been made by the clinician during the index consultation by
using both the recorded symptom and ensuing actions e.g. treatments etc; (ii) ‘Diagnosis
inferred by reviewer’ - the reviewer infers from the information that a diagnosis should
have or could have been made by the clinician in the index consultation but was not
made/recorded.
c. Diagnoses that were made before the index consultation by another clinician but that
comes to light during the index consultation
2. Diagnosis accurate and sufficient evidence
The diagnosis should: (i) be clear, specific and ‘complete’; and (ii) be confirmed by sufficient and
documented evidence from the medical record. If a patient does not consult again because of
the index problem, this is not to be considered as ‘evidence’ that the diagnosis was correct or
that it had resolved.
3. Diagnosis accurate but insufficient evidence
The diagnosis should: (i) be clear and accurate but less precise and/or specific compared with a
rating of ‘1’; and (ii) have at least some documented evidence of its accuracy in the record.
4. Diagnosis accurate but incomplete or little/no evidence
The diagnosis should be: (i) related to the ‘final’ diagnosis but less precise, clear and/or specific
compared with ratings of ‘2’ or ‘3 above’; and/or (ii) there should be very little or no
documented evidence of its accuracy in the medical record.
5. Missed diagnostic opportunity possible
The diagnosis should: (i) be different when compared with the final diagnosis, but the difference
should be less than for ratings of ‘6’ or ‘7’ below; and (ii) have little or no documented, objective
evidence in support of a diagnostic error. In other words, the judgment relied mainly on the
reviewers’ professional interpretation.
6. Missed diagnostic opportunity likely
The diagnosis should: (i) be substantially different from the final diagnosis; and (ii) have at least
some documented evidence to support the presence of a missed diagnostic opportunity.
7. Missed diagnostic opportunity certain
The diagnosis should: (i) be completely different from the final diagnosis; and (ii) have
compelling evidence documented to this effect.

6

Cheraghi-Sohi S, et al. BMJ Qual Saf 2021;0:1–9. doi: 10.1136/bmjqs-2020-012594

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Qual Saf

Box S3: Definitions used by reviewers when assessing degree of harm from missed diagnostic
opportunities (MDOs)
1. No harm
This rating includes ‘near misses’ and instances where harm was mitigated.
Example:
An index diagnosis of a ‘incisional hernia’ was made in a patient who had recently undergone
surgical resection of colon cancer. The patient subsequently had a specialist review and CT scan
that excluded this diagnosis. In this example, the specialist review and CT scan had previously
been arranged to evaluate the treatment of his cancer. The diagnostic error therefore did not
cause the patient any inconvenience, e.g. additional or extra investigations or harm and its
impact was coded as ‘1’. However, if an otherwise healthy patient had been referred with an
index diagnosis of ‘hernia’ and was subsequently found not to have this problem, the impact
should have been rated as ‘2’.
2. Mild harm
This rating includes any MDO with an impact on patients that are judged to be minor or
inconveniences, such as unnecessary follow-up appointments (in any setting), treatments and/or
investigations. The impact of MDOs with a rating of ‘2’ should be transient and without any
residual effect.
Example:
The index diagnosis was ‘iron deficiency’ and the patient was commenced on supplementary
iron tablets. However, subsequent haematinics and FBC were normal. The patient was
informed of the results and advised to stop the treatment. The reviewer coded the diagnostic
error’s impact as ‘2’. However, if the patient had developed severe constipation resulting in an
anal fissure as a result of the iron tablets, the impact of the diagnostic error should have been
rated as ‘3’.
3. Moderate harm
A pragmatic test of the severity of harm is for reviewers to consider how they would have felt if
the impact had been on them personally. Moderate harm includes physical or psychological
distress, but should always be self-limiting in nature and completely resolve without
complication over time.
Example:
The index diagnosis was ‘soft tissue injury of foot’ while the final diagnosis several months later
(confirmed through biochemistry) was ‘gout’. Further review of the record found that this
patient had presented on several occasions with recurrent episodes of significant pain resulting
in time off work. The reviewer therefore rated harm as ‘3’. However, if the patient had
developed gouty tophi after years of untreated gout, then harm should have been rated as ‘4’.
4. Severe harm
Any harm with prolonged or permanent impact; e.g. preventable hospital
admission/procedures/complications, disease progression, disability or death.
Example:
The index diagnosis was irritable bowel syndrome but the final diagnosis, many months later,
was histological confirmed metastatic bowel cancer.
5. Unclear
Reviewers also have the option to select ‘unclear’ if there is not sufficient evidence in the record
to make a judgment.
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Box S4: Examples of identified missed diagnoses, by level of harm caused

No Harm

Mild Harm

Example 1

Example 2

Example 3

Ischaemic Heart Disease*

Asthma

Folliculitis

Female age <50 presented with leg
cramps in her calf after a long flight.
The GP examined her and ruled out
Deep Vein Thrombosis, with the
advice to take ibuprofen. Although
the correct diagnosis of the
presenting symptoms was made
(i.e. to rule out the suspected DVT
by the patient), the GP should have
also attended to other information
available at the time of the index
consultation, which stated that the
patient had recently been admitted
to hospital and told that she had
had a myocardial infarction. This
was then confirmed by another GP
who conducted the follow-up
investigations a week later and
confirmed the patient as having
ischaemic heart disease (IHD). The
rapid pick up of the issue by
another GP resulted in no harm
being done to the patient.

Male age <50. Index
consultation notes
indicated a suspected
chest infection due to
chesty cough symptoms
and recorded as ‘likely
viral’. However, the
patient’s history of
asthma was not taken
into account and in fact
the recent Peak Flow
Rate data available to
the GP suggested an
exacerbation of asthma.
The patient had a history
of non-compliance with
their asthma medication
in a later consultation
had again stopped their
asthma medication.
Despite the misdiagnosis
of a viral infection, no
harm appears to have
come to the patient who
also continued their nonadherence to their
asthma medication.
Diabetes Mellitus –
lengthening of
symptoms due to
untreated condition
Female age >50
presented with
symptoms of Diabetes
Mellitus and was
worried that she had
Diabetes Mellitus. Blood
tests were performed a
week later and
confirmed the diagnosis
but the GP did not act on
the findings and the
patient did not receive
the diagnosis until 3
months later. An
unnecessary diagnostic

Female age <50
presented with scaly
nodular lesions in the
pubic area, with a
follicular distribution.
Notes indicated that
initially the GP
suspected fungal origins.
Further consultations
indicated issue however
was most likely due to
shaving. Patient was
advised to stop shaving
the area but the patient
declined. No harm
appears to have come
from the initial fungal
misdiagnosis.

Burning mouth syndrome –
lengthening of symptoms and an
unnecessary referral.
Female age >50, had been seen by
dentist prior to the index
consultation with a sore mouth
which they’d had for a month and
which did not respond to
antibiotics. At the index
consultation thrush was suspected
by the GP but the findings noted
were not typical for thrush. The
diagnosis of burning mouth
syndrome was already suggested by
the dentist’s findings and the
absence of clear cut signs of thrush
which was the GP’s diagnosis. The
ultimate diagnosis of burning

Florid Impetigo –
worsening of symptoms
plus wrong treatment.
Male age <50. Index
consultation notes state
'likely viral' for the
presenting symptoms
and yet the patient was
also noted to have
spots. The patient
returned a few days
later with a rash on the
left cheek which the GP
then determined was
"florid impetigo" that
needed a prolonged
course of Flucloxacillin
to treat successfully.
8
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mouth syndrome was not surprising
in view of the history and findings.
Treatment with drugs for
neuropathic pain such as
amitriptyline are well established
and pretty safe approaches that
could have been tried by the GP
before the unnecessary referral was
made by the GP to secondary care.
Prostatitis – Lengthening of
symptoms, undergone unnecessary
tests, prolonged distress and
unnecessary referral.
Male age >50. At the index
consultation no differential
diagnosis was given to explain the
symptoms of being unwell, hot and
cold plus burning in the urethra.
Rectal examination was not
performed even though the hall
mark symptoms of prostatitis had
been elicited in the history. A
battery of tests was ordered which
picked up an abnormality that led
to secondary care referral which
took some time to happen. Had
examination been done, then tests
may not have been necessary and
could have avoided secondary care
referral and prolonged symptoms.

Severe
Harm

Endometrial Cancer – disease
progression with permanent impact
via the severely delayed diagnosis
of cancer.

BMJ Qual Saf

delay in a patient that
was symptomatic at
presentation.

Atypical Face Pain –
lengthening of
symptoms over months
and prolonged distress
due to the pain.
Female age >50. This
patient had had long
standing pains in the jaw
following an extraction.
Treated with multiple
courses of antibiotics to
no avail. In the January
prior to the index
consultation dental
specialists indicated that
the cause of the pain
was atypical facial
pain/complex facial pain
syndrome and treatment
with a Tricyclic
antidepressant was
recommended. This info
was not acted on until
many months later and
the Tricyclic
antidepressant did seem
to help the patient.
Bladder Cancer - disease
progression with
permanent impact via
the severely delayed
diagnosis of cancer.

Gallstones - lengthening
of symptoms and
prolonged distress due
to the pain.
Male age <50 presented
with abdominal pain in
the index consultation.
However, in a visit to
Accident and Emergency
a few weeks prior to the
index consultation,
there was mention of a
documented gallstone
and possible pancreatitis
on a USS in the letter
from A & E. This was
not picked up by the GP
and the patient
continued to have
symptoms. Eventually a
referral was made after
some time by another
GP, however the patient
did not attend the
review.
Warfarin induced rectal
bleeding – the patient
suffered unnecessary
and invasive
investigation as well as
lengthening of
symptoms and
complications after
surgery related to the
error.
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Female age <50. Ultrasound Scan
on pelvis showed a lesion and she
was referred to secondary care with
the report. The hospital booking
team failed to make contact with
her on several occasions. The
gynaecology team did not get round
to doing hysteroscopy planned in
2013 until March 15. Meanwhile
she had been referred to urologist
for possible stones. CT scan showed
peritoneal lymph glands thoughts to
be of dubious significance, referred
to haematologists who surmised
issues not due to lymphoma.
Patient referred back to GP who
referred on 2 week wait [urgent
referral] to gynaecologist on
receiving the results from the
urologist. Then gynaecology did
biopsy of endometrial polyp and
found endometrial cancer resulting
in Total Abdominal Hysterectomy
and Oophorectomy. In summary - a
series of issues. There was
incomplete diagnostic evaluation by
gynaecology when they did not
follow through on the endometrial
polyps, cancelled appointments and
a failure to organise hysteroscopy.
A repeated failure of attempts to
contact patient to arrange
appointments and from the GP for
not pursuing these issues.
Drug Misuse

Female age >50. Patient
was referred for
haematuria but then did
not attend the clinic.
Patient then seen again
by GP about unrelated
issues and with urinary
issues. Patient was
referred again,
cystoscopy requested
which she did not
attend. Patient had CT
scan which showed
hydronephrosis, she
then eventually did have
cystoscopy which
confirmed cancer. She
did not accept treatment
initially preferring to
have herbal remedies
and also travelled
abroad for some
treatments. She missed
subsequent oncology
appointments and
continued herbal
treatments. She had
capacity to decide and
language issues
addressed, eventually
did have chemotherapy
months later.

Male >50. This man has
been investigated for
rectal bleeding which in
the notes the GP had
written to have "started
after starting warfarin"
with no abnormality on
colonoscopy. Bleeding
was then attributed by
the GP to piles.
Haematology
investigations were
conducted for Iron
deficiency and high
reticulocytes and
pancytopenia. The GP
did not consider the
effects of his warfarin as
the cause of the
bleeding. Patient went
on to have prolonged
bleeding after a Carpal
Tunnel Syndrome
operation too.

Chronic Obstructive
Pulmonary Disease

Depression

Male age >50. The patient had
recently attended a Transient
Ischaemic Attack clinic. The clinic
had recorded the issue and made
the diagnosis of drug misuse. It was
also mentioned on two previous
occasions in prior consultations as
recorded in the notes. The clinic
letter and other diagnostic
information (prior notes) relating to
the drug misuse, were available to
the GP at the index consultation but
it was not picked up or coded. It is
unclear why the drug use not
picked up or addressed. Harm was
not clear because no further

Male age >50. GP notes
suggest a chest infection,
however the GP did not
seem to take into
account that the patient
had previously had
numerous other "chest
infections" in the notes
prior to the index
consultation. The patient
subsequently presented
to another GP with
persistent respiratory
symptoms, and was
referred through to the
practice nurse for

Female age <50
presented with
symptoms of being tired
all the time and with
psychological
disturbances. Her bloods
were OK. The history
obtained outlined
multiple traumatic
issues in her life
including the patient
having refugee status,
and her husband being
imprisoned and
tortured. A referral for
psychiatric assessment
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mention of drug use and it was
therefore unclear if he continued
using and whether this may have
had effects on his blood pressure
which was raised, in later
consultations. The details of drug
use were not explored and whether
there were links if any to his
Ischaemic Heart
Disease/Cerebrovascular Accident
symptoms.

spirometry, which
showed that he had
COPD one month later.
The patient was then
prescribed an inhaler. It
is unclear what harm the
patient came to from
this short delayed
diagnosis as the patient
did not re-attend in the
interim, condition
appeared not to
deteriorate and the
correct treatment was
prescribed swiftly upon
the diagnosis being
made.

BMJ Qual Saf

was discussed in the
index consultation
indicating that the GP
suspected further
psychological issues to
her current depressive
state. No referral or
follow up occurred
however for the patient
who also didn’t consult
again with this issue so it
is unclear as to the harm
outcomes for this
patient.

*Missed diagnosis and main harms caused (where relevant)

Figure S1 Conceptual Model of Missed Opportunities in Diagnosis (MDOs). MDOs are events falling into
areas A and B of the model. Source: Singh et al1
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