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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 consul-
tations in England annually (or approxi-
mately 85% of all National Health Service 
doctor–patient encounters).2 Diagnostic 
errors account for the greatest proportion 
of malpractice claims against family prac-
titioners (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 esti-
mated 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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estimates the incidence, origins and avoidable harms 
of ‘missed diagnostic opportunities’ (MDOs) in UK 
primary care.

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 iden-
tify ‘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 interpreta-
tion 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 esti-
mated 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 assess-
ments 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 calcu-
lating 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.

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 nation-
ally representative in practice size and area depriva-
tion. 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 representa-
tive 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 devel-
oped 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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per practice, along with associated case notes available 
in the EHR, were selected for review across 1 year.

Data collection
A two- stage approach was adopted (see online supple-
mental 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 consulta-
tion in all 21 practices was assessed by two reviewers. 
The first reviewer, with more than 30 years’ expe-
rience as a GP, was the same individual for all prac-
tices (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 after-
wards, 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 profes-
sional judgement on the accuracy of each new diag-
nosis. 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 admis-
sions, 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 instru-
ment,21 a tool for evaluating primary care record 

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 supple-
mental 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 confi-
dent determination; (3) diagnosis accurate but incom-
plete and/or little or no evidence; (4) MDO possible 
(professional interpretation but little or no docu-
mented evidence); (5) MDO likely (at least some docu-
mented 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 
MDO was obtained using a 5- point scale, adapted 
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 supple-
mental 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 conse-
quences 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 deter-
mination 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.
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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 accu-
rate diagnosis was present (combining sufficient, insuf-
ficient 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.

Calculating reviewer agreement
We calculated rates of agreement within each main 
grouping (no new diagnosis; new accurate diag-
nosis; 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. Agree-
ment 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.

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 consul-
tations. We also report the number of MDOs mutu-
ally 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 corre-
sponding 95% CI accounting for clustering of obser-
vations within practices. We used descriptive statistics 
to summarise the characteristics of the identified 
MDOs, including the medical conditions and break-
down processes involved. Univariate and multivariate 

logistic regression was applied to investigate associa-
tions between MDOs and patient gender, age, number 
of repeat medications, number of long- term condi-
tions 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 percent-
ages of index consultations as including no new diag-
nosis (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
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 

Table 1 Summary of number of practices visited and results of independent case reviews, by first reviewer and second* reviewer

Reviewer
Number of practices 
visited

Number of case 
reviews conducted No new diagnosis

New, accurate 
diagnosis MDO implicated

First reviewer 21 2064 933 (45.2%) 995 (48.2%) 136 (6.6%)
Second reviewer 21 2064 1055 (51.1%) 903 (43.8%) 106 (5.1%)
*’Second’ reviewer refers to reviewers 2, 3 and 4 combined.
MDO, missed diagnostic opportunity.
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oversight. In addition, for 56 jointly reviewed consul-
tations, 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 consul-
tation 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 iden-
tified (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.

The most common factors contributing to MDOs 
(table 5) were problems within the patient–practi-
tioner 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 pres-
ence of an MDO and available patient characteristics. 
Consultation location was excluded due to low varia-
tion. P values varied considerably under the univariate 
and multivariate models as a result of high intercor-
relations 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 incon-
venience. 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 impli-
cated 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 diag-
nostic error studies.15 16 18 23 Our findings add to the 

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)

No new diagnosis
New accurate 
diagnosis (no MDO) MDO implicated Overall agreement Kappa* (95% CI)

Independent reviews 
(n=2064)

845/1143
(73.9%)

760/1138
(66.8%)

35/207†
(16.9%)

1640/2064
(79.4%)

0.63
(0.60 to 0.66)

Joint reviews
(n=2057‡)

858/1121
(76.5%)

835/1106
(75.5%)

89/105†
(84.8%)

1782/2057
(86.6%)

Not relevant

*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.
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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 signif-
icant new health problem, of which 45 were due 
to diagnostic errors (wrong or delayed diagnosis), 
suggesting a diagnostic error rate of 2.1%. A compa-
rable figure from our study—based in a different 
health region and using a different study design, 

Ta
bl

e 
3 

Cr
os

s-
 ta

bu
la

tio
n 

of
 fi

rs
t r

ev
ie

w
er

 a
nd

 s
ec

on
d 

re
vi

ew
er

 c
la

ss
ifi

ca
tio

ns
 o

f i
nd

ex
 c

on
su

lta
tio

ns
 a

fte
r t

he
 jo

in
t r

ev
ie

w
s

Fi
rs

t 
re

vi
ew

er

Se
co

nd
 r

ev
ie

w
er

N
o 

ne
w

 
di

ag
no

si
s

N
ew

, a
cc

ur
at

e 
di

ag
no

si
s, 

w
it

h 
su

ffi
ci

en
t 

ev
id

en
ce

N
ew

, a
cc

ur
at

e 
di

ag
no

si
s, 

w
it

h 
in

su
ffi

ci
en

t 
ev

id
en

ce

N
ew

, a
cc

ur
at

e 
di

ag
no

si
s, 

w
it

h 
in

co
m

pl
et

e 
ev

id
en

ce

M
is

se
d 

di
ag

no
st

ic
 

op
po

rt
un

it
y 

po
ss

ib
le

M
is

se
d 

di
ag

no
st

ic
 

op
po

rt
un

it
y 

lik
el

y

M
is

se
d 

di
ag

no
st

ic
 

op
po

rt
un

it
y 

ce
rt

ai
n

To
ta

l

N
o 

ne
w

 d
ia

gn
os

is
85

8
36

23
15

0
0

0
93

2
N

ew
, a

cc
ur

at
e 

di
ag

no
sis

, w
ith

 s
uf

fic
ie

nt
 e

vi
de

nc
e

18
64

18
4

0
0

0
10

4
N

ew
, a

cc
ur

at
e 

di
ag

no
sis

, w
ith

 in
su

ffi
cie

nt
 e

vi
de

nc
e

41
14

6
96

37
0

0
0

32
0

N
ew

, a
cc

ur
at

e 
di

ag
no

sis
, w

ith
 in

co
m

pl
et

e 
ev

id
en

ce
12

6
17

6
16

4
13

0
2

0
1

59
9

M
iss

ed
 d

ia
gn

os
tic

 o
pp

or
tu

ni
ty

 p
os

sib
le

4
4

1
4

40
8

7
68

M
iss

ed
 d

ia
gn

os
tic

 o
pp

or
tu

ni
ty

 li
ke

ly
0

0
0

0
2

18
7

27
M

iss
ed

 d
ia

gn
os

tic
 o

pp
or

tu
ni

ty
 c

er
ta

in
0

0
0

0
0

0
7

7
To

ta
l

10
47

42
6

30
2

19
0

44
26

22
20

57

Table 4 Summary of the missed diagnoses identified after joint 
review

ICD- 10 chapter 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
Symptoms and signs involving the skin and subcutaneous 
tissue

1

Total 89
ICD- 10, International Classification of Diseases, 10th Revision.

Table 5 Number (%) of reviewer- assessed contributing factors 
to the MDOs

Contributing factor

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

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

Patient–practitioner clinical 
encounter

52 (58) 61 (68)

Performance and/or 
interpretation of diagnostic 
tests

22 (25) 31 (35)

Follow- up and tracking of 
diagnostic information

21 (24) 43 (48)

Subspecialty and referral 
related

11 (12) 17 (19)

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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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 annu-
ally.25 This suggests that should the MDO rate of 
4.3% in our practice sample be replicated nation-
ally, there could be up to 15 million MDOs nation-
ally, with up to 6 million associated with potentially 
avoidable moderate to severe patient harm.

Given the complexity of general practice, esti-
mating diagnostic errors in primary care is chal-
lenging.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 

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 Physi-
cian stress and associated burn- out can also be asso-
ciated 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 Under-
standing 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 inde-
pendently was mixed. Nonetheless, inter- reviewer 
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 prac-
tice 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 

Table 6 Summary of logistic regression relating patient characteristics to the occurrence of an MDO

Patients with 
a confirmed 
MDO (n=89)

Patients with 
no confirmed 
MDO 
(n=1961)*

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Sensitivity 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 0.022
Male, n (%) 39 (44) 801 (41) 1.13 (0.85 to 1.51) 0.407 1.12 (0.83 to 1.50) 0.458 0.479
Repeat medications, 
mean (SD)

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 0.131

Long- term conditions, 
mean (SD)

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 –

Consultation location, n (%)§
  Practice 88 (99) 1936 (99) NA 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.
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diagnostic activity or rates of MDOs. However, we 
are unaware of any specific changes in daily prac-
tice that would have influenced our findings had we 
done this study more recently, for example in 2019 
(before the pandemic). Future studies should never-
theless 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 judge-
ments 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 deter-
mine 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.

CONCLUSION
MDOs occurred in fewer than 5% of the investi-
gated consultations. Nonetheless, the high numbers of 
primary care contacts nationally suggest that several 
million UK patients are potentially at risk of avoid-
able 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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