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Abstract

Background: To evaluate the effectiveness of audit and communication strategies to reduce diagnostic errors
made by clinicians.

Methods: MEDLINE complete, CINHAL complete, EMBASE, PSNet and Google Advanced. Electronic and manual
search of articles on audit systems and communication strategies or interventions, searched for papers published
between January 1990 and April 2017. We included studies with interventions implemented by clinicians in a
clinical environment with real patients.

Results: A total of 2431 articles were screened of which 26 studies met inclusion criteria. Data extraction was
conducted by two groups, each group comprising two independent reviewers. Articles were classified by
communication (6) or audit strategies (20) to reduce diagnostic error in clinical settings. The most common
interventions were delivered as technology-based systems n = 16 (62%) and within an acute care setting n = 15
(57%). Nine studies reported randomised controlled trials. Three RCT studies on communication interventions and 3
RCTs on audit strategies found the interventions to be effective in reducing diagnostic errors.

Conclusion: Despite numerous studies on interventions targeting diagnostic errors, our analyses revealed limited
evidence on interventions being practically used in clinical settings and a bias of studies originating from the US
(n = 19, 73% of included studies). There is some evidence that trigger algorithms, including computer based and
alert systems, may reduce delayed diagnosis and improve diagnostic accuracy. In trauma settings, strategies such as
additional patient review (e.g. trauma teams) reduced missed diagnosis and in radiology departments review
strategies such as team meetings and error documentation may reduce diagnostic error rates over time.

Trial registration: The systematic review was registered in the PROSPERO database under registration number
CRD42017067056.
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Background
Diagnostic error can be defined as “diagnosis that was
unintentionally delayed (sufficient information was avail-
able earlier), wrong (wrong diagnosis made before the
correct one), or missed (no diagnosis ever made), as
judged from the eventual appreciation of more definitive
information” [1] (page 1493). Diagnostic error as an area
of patient safety has had insufficient research despite the
costs in terms of negative health outcomes, loss of life,

income and productivity, health system mistrust and dis-
satisfaction from both patients and health professionals
[2, 3]. This has partly been attributed to the lack of an
effective method to measure diagnostic errors, limited
sources of reliable and valid data, and challenges of de-
tecting diagnostic errors in clinical practice settings [4].
This is further complicated by diagnostic errors having
many contributory factors at multiple levels of the pa-
tient care pathway, and diagnostic errors being context
sensitive [5, 6]. Furthermore, diagnostic errors have dif-
fering definitions that make comparability across studies
difficult [1, 7–11].
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Earlier studies have mainly explored interventions
to reduce diagnostic error including cognitive [12],
system and process [13–18] errors. Regardless of the
numerous studies on diagnostic errors [12–17], very
few have investigated the effectiveness of strategies
aimed at reducing diagnostic errors especially in a
clinical setting [7, 19, 20], including audit and com-
munication strategies. Clinical audit and communica-
tion strategies have been cited in the literature as a
means to evaluate healthcare clinical performance, re-
duce diagnostic errors and improve quality of patient
care [7, 21–24] 20). Graber et al., [18] and Singh et
al., [25] emphasised that suggested approaches to
diagnostic errors have rarely been operationalised in
actual clinical practice hence there is a need to evalu-
ate such interventions in the future.
To our knowledge audit and communication strategies

to reduce diagnostic errors have not been studied separ-
ately. “Audit systems” were defined as systems that pro-
vide an individual or organisational performance
measure against professional standards or targets to pro-
vide feedback to the individual or organisation [21–24].
This includes interventions such as processes, systems,
models, programs and procedures aimed to ensure cer-
tain activities are carried out effectively and consistently
to achieve the objectives [26]. Communication can be
defined as the transmission of information and common
understanding from one party to another [27]. The
Committee on Diagnostic Error in Health Care supports
processes for effective and timely communication be-
tween diagnostic testing, health professionals and treat-
ing health professionals and recommends that they
should be implemented across all health care settings in
the diagnostic process [7].
The aim of this systematic literature review is to

summarize the current evidence on the effectiveness
of audit and communication strategies undertaken by
clinicians in reducing diagnostic errors within a clin-
ical setting. This review will be helpful to clinicians
that are involved in the diagnostic process; useful to
managers in the clinical setting; and for policymakers
involved in developing patient safety policies to im-
prove the diagnostic process.

Methods
Search parameters and inclusion criteria
The systematic review follows PRISMA guidelines [28]
and was registered in the PROSPERO database [29],
registration number CRD42017067056. The search fo-
cused on audit and communication strategies imple-
mented by clinicians in real patient or clinical
environments to reduce diagnostic errors, with no re-
striction on the type of study design. Additional file 1
lists the details of the search strategies. We included

articles written in English with sufficient information (at
least an abstract).
The literature search included both published and un-

published work between January 1990 and April 2017.
Database search included MEDLINE complete, CINHAL
complete and EMBASE. Additional articles were manu-
ally searched using Agency for Healthcare Research and
Quality Patient Safety Network (PSNet) [30] and Google
Advanced search engine where unpublished studies were
also located. In addition, systematic reviews retrieved
from the database search were hand searched.
Two groups of two independent reviewers, (JAO and

MF) and (SBM and MC), screened the titles and ab-
stracts of articles from the databases to identify articles
that met the inclusion criteria. Both eligible and incon-
clusive articles were included for full text screening. The
same step was completed by the same groups for the ar-
ticles from PSNet and a single reviewer (MF) screened
the articles from the Google Advanced search engine.
Articles that met inclusion criteria were added to the
previously selected articles for full text review. Although
both published and unpublished articles were included
in the search, none of the unpublished articles met the
inclusion criteria.

Data extraction strategy
Information was extracted from each included study
using a data extraction form that included: study
population characteristics; descriptive information
about study (year of publication, country, sample size,
health states, study design, type of targeted clinicians);
nature of the diagnostic error; nature of the interven-
tion (technology based systems, additional patient re-
views, staff education and training, structured process
changes and specific patient examination instruments
or forms); the effectiveness of interventions (as the
difference between the intervention and the control)
and nature of the clinical setting (emergency depart-
ment, outpatients and primary care). All data ex-
tracted were crosschecked by the reviewers and any
discrepancies discussed among the team until a con-
sensus was reached.

Quality assessment and risk of bias assessment
Study quality was assessed using the Cochrane Risk of
Bias tool for RCTs (Randomized Control Trials) [31]
and the Effective Public Health Practice Project quality
assessment tool for non-RCT studies (observational de-
scriptive, clinical trials, cohort/longitudinal and review)
[32, 33]. Quality assessment data included selection
bias, blinding of participants and researchers, blinding
of outcome assessment, withdrawals and drop outs, se-
lective reporting, data collection methods, study design,
confounders, intervention integrity and data analysis.
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Studies were classified as high quality, medium quality
and low quality. Publication bias and reporting bias on
diagnostic errors as an outcome was minimised in this
systematic review by inclusion of studies from multiple
literature databases and searching unpublished “grey”
literature.

Results
Study characteristics
We identified 26 studies (Fig. 1) on strategies to reduce
diagnostic error that met the criteria for full review.
Nine studies (35%) were randomized controlled trials
and the majority (17 of 26; 65%) had no randomisation,
and were predominantly observational descriptive stud-
ies (9 of 26; 35%).
Twenty studies looked at audit systems [5, 35–53] and

six studies considered communication strategies [54–59]
employed by clinicians to reduce diagnostic errors. Nine-
teen studies were based in the US [5, 36–39, 41–44, 46,
47, 50, 51, 54–59]; 2 each in the UK [45, 52]; Sweden
[40, 53]; Canada [48, 49]; and 1 from Lithuania [35].
Further details on study characteristics are given in
Table 1.

Quality and risk of Bias assessment
Results of the Risk of Bias assessment for RCTs is
shown in Fig. 2 and Additional file 2.1. Two studies
had selection bias due to allocation non-concealment,
four studies demonstrated high Risk of Bias due to

non-blinding and two studies rated as medium to
high Risk of Bias due to non-blinding of assessment
outcome. In summary there were 9/54 (16%) criteria
assessed as medium to high Risk of Bias across all 9
RCTS and five of the nine studies were assessed as
low Risk of Bias on all criteria. This suggests the
quality of the RCT studies is relatively high.
Results of quality assessment for the non-RCT studies

are shown in the Additional file 2.2. The quality of these
studies was medium quality with most rated as weak for
non-randomized study design.

Strategies to reduce diagnostic error
Included publications were summarized under commu-
nication strategies and audit processes. These were fur-
ther analysed by the types of communication or audit
processes, disease group, healthcare setting and/or target
clinician group.

Communication strategies
Six studies examined the interventions related to
communication strategies to address diagnostic errors
[54–59]. There was one study in an emergency setting
(abdominal pain) [55], two studies in primary care
settings (cancer) [56, 57] and three studies in an out-
patient setting (psychiatry and laboratory) [54, 58, 59].
The communication interventions were technology based
systems, mostly computerised trigger systems.

Fig. 1 Literature Search PRISMA Flow Diagram- Systematic Review. Source: [34]
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Our review located three recent studies that examined
trigger algorithms to identify patients with potential de-
layed diagnosis or follow-up in order to reduce diagnostic
errors [55–57]. Murphy and his team [57] tested an algo-
rithm in a randomised controlled trial to identify patients
at risk of delays in diagnostic evaluation for a range of
cancers. The intervention effectively reduced time to diag-
nostic evaluation and increased the number of patients
that received follow-up care. Another RCT [56] identified
follow-up delays via an electronic health record based al-
gorithm and record reviews that communicated informa-
tion through three alert steps: email, telephone call to
clinicians, and informing clinical directors. This interven-
tion led to more timely follow-up and diagnosis. However,
effectiveness was reduced by non-responsiveness of clini-
cians in relation to triggers which meant that back-up
strategies were required. Medford-Davis and colleagues’
algorithm [55] identified patients at high risk of delayed
diagnosis or misdiagnosis who presented at the emergency
department with abdominal pain and returned within 10
days requiring hospitalisation. This study concluded that
breakdown in diagnostic processes led to diagnostic er-
rors, finding that triggers provided opportunities for
process improvement within emergency departments.

There were three studies that used computerised
notification systems either as reminders or alerts for
abnormal lab test results for timely follow-up to re-
duce diagnostic errors. Cannon and Allen [54] in an
RCT compared effectiveness of a computer reminder
system with a manual reminder system in terms of
adhering to the implementation of clinical practice
guidelines and found the computer system to be more
effective. However, Singh and colleagues [59] in a
prospective study revealed automated notifications of
abnormal laboratory results through electronic med-
ical records were unable to guarantee timely follow-
up. Similarly, another study by Singh and colleagues
[58] used a computerised test result notification sys-
tem to reduce errors in communication of abnormal
imaging results however the intervention was unable
to prevent results from being lost to follow-up. Nei-
ther of these studies were RCTs.

Audit processes
Twenty studies examined the interventions related to
audit to address diagnostic errors [5, 35–53]. There were
10 studies in emergency settings (including two trauma

Fig. 2 Risk of bias summary for RCTs
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and two cardiology) [5, 37–39, 41, 42, 44, 46, 47, 52],
one in an outpatient setting [36], three in laboratory set-
tings [35, 43, 51], and two in hospital setting [45, 48].
Four studies did not explicitly mention the setting [40,
49, 50, 53].

Additional patient reviews
There were five studies on additional patient reviews
[5, 36, 39, 42, 44]. Two studies examined use of
trauma teams to diagnose complex injuries in trauma
patients [5, 44] and showed use of a trauma response
team reduced delayed diagnosis. One US study exam-
ined the impact of tertiary examination, a complete
re-evaluation, on missed diagnosis of injury at a Level
II Trauma Centre [42] and revealed 14% missed injur-
ies, hence recommended adoption of this intervention
as standard care at Level II Trauma Centres to im-
prove accuracy of injury diagnosis. Another study [39]
used a three pronged strategy for improving the diag-
nostic interpretation of radiographs that used a com-
bination of review at monthly meetings, documenting
errors and ongoing training of new staff and found a
significant reduction in error rates. A study by Casa-
lino and colleagues [36] audited 23 primary care prac-
tices using retrospective medical record review to
determine if patients had been informed when test re-
sults were abnormal. Practices with partial electronic
medical records were found to be less likely to inform
patients of abnormal results compared to fully paper-
based, or fully electronic systems.

Computerised decision support systems
Eleven studies were based on computerised decision
support systems [35–37, 43, 45–47, 50–53]. Studies
by Tsai and colleagues [51], and David et al. [37]
showed improvement in diagnosis accuracy using
computer-based interpretation. Support systems en-
hanced junior doctor’s ability to diagnose acute paedi-
atric conditions [45]; increased accuracy in diagnosis
of acute abdominal pain [52]; and provided more ac-
curate prediction of Alzheimer’s disease [50]. Ram-
narayan and colleagues [45] stated that eliminating
barriers to computer access is crucial for compu-
terised assistance in clinical settings for the improve-
ment in diagnosis. Boguševičius and colleagues [35]
compared diagnosis of acute small bowel obstruction
using computer aided diagnosis with radiology con-
trast, whilst they found no difference in accuracy, the
computer aided time to diagnosis was only 1 h com-
pared to 16 h for contrast radiology. Jiang et al., [43]
compared a single radiologist reading, independent
double reading by two radiologists and single reading
with computer aid. They found computer aided

diagnosis superior to all other methods in improving
diagnostic accuracy of radiology reports.
One study found a computer diagnostic system to im-

prove diagnosis of occult psychiatric illness but found
no guaranteed response from the physician to diagnose
or treat the condition [46]; and another found no differ-
ence in missed diagnosis of mental health conditions
comparing computer aided diagnosis with traditional
pen and paper [53]. Both studies favouring the trad-
itional method for difficult mental health cases. Selker
and colleagues [47] showed that computerised prediction
did not impact on admission of people with acute car-
diac ischemia but reduced unnecessary admission of
people without the condition.

Checklists
Checklists were used in four studies [38, 41, 48, 49].
Graber and his colleagues [41], used checklists in emer-
gency settings and concluded that checklists could pre-
vent diagnostic errors because they included additional
diagnostic possibilities, however the study indicated the
need to consistently use the checklists in collaboration
with patients to achieve maximum value in usage of
checklists.
Two Canadian studies showed improvement in accur-

acy of diagnosis in cardiology using a checklist approach:
one used a checklist in verification of diagnosis by ex-
perts [49]; and another reviewed a cardiac exam using a
checklist [48]. The third study used a checklist of symp-
toms but diagnosis accuracy was not different from
usual care [38].

Education programs
One study that was based on education programs [40] in
primary care settings showed evidence of improved diag-
nostic accuracy through training and the use of a stand-
ard questionnaire. This study showed a 77% reduction in
diagnostic errors due to an ongoing education program
between physicians and neurosurgeons.

Effectiveness of audit and communication strategies
The 9 RCTs were explored to determine the effective-
ness of the interventions in reducing diagnostic errors.
Three studies(54, 56, 57)were on communication and 9
on audit strategies [35, 38, 46, 48, 51, 53].
Cannon and colleagues [54] found the rate of

screening increased by 25.5% for a reminder system
compared to a checklist in a psychiatric outpatient
setting. Another study [57] in a primary care setting
(cancer) showed that patient identification triggers in
combination with communication to primary care
providers reduced the time to diagnostic evaluation
by 96, 48 and 28 days for colorectal cancers, prostate
cancers and lung cancers respectively. In addition,
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21.2% more patients received diagnostic evaluation by
the primary care providers’ final review. Meyer and
colleagues [56] examined 3 escalating communication
strategies-first emails, followed by telephones and
lastly contact by clinic directors in reducing delayed
follow-up using the same study by Murphy and col-
leagues [57]. Delayed follow-up was 88.9% using
email, 54.5% for contact by clinic directors, and 31.4%
using telephone.
Tsai et al., [51] reported that computer assistance in a

laboratory setting increased the accuracy of interpret-
ation of electrocardiograms by 6.6%, therefore reducing
wrong diagnosis. Checklists used for audit process were
found to increase correct diagnosis by 5% in a hospital
setting [48]. Another study [38] revealed a diagnostic
checklist made no difference in diagnostic errors among
primary care physicians although there was a reduction
of 25.9% among emergency physicians sub-group. How-
ever, three studies [35, 46, 53] identified computerised
decision support systems to have no effect on the fre-
quencies or the accuracy of diagnosis. Further details of
the effectiveness of the interventions in non-RCTs is
provided in Additional file 3.

Discussion
This is the first systematic review on clinician focused
audit or communication strategies employed to reduce
diagnostic errors in real clinical practice settings.
Twenty-six studies on strategies to reduce diagnostic er-
rors were reviewed. The majority of studies were US
based (19 studies), and high quality trials in terms of
RCTs were low (9 studies, 35%). There were no studies
that considered additional benefits to providers or clin-
ical practices such as cost effectiveness or return on
investment.
Our results confirmed earlier research [18, 25] by

highlighting that there are very few systems that improve
diagnostic error rates in real practice settings despite
there being substantial information on the significant
impact of diagnostic errors. To help address this gap,
there is an urgent need for future research to evaluate
such interventions to establish their effectiveness and
cost effectiveness in actual practice.
The bias towards studies from the US may limit the

generalisability of interventions to address diagnostic
errors. Of the studies from the US, 8 (42%) were
based in the ED, which may further impact on gener-
alisability of findings. The organisation and funding of
health care in the US varies considerably to other ju-
risdictions, with prevalence of private insurers impact-
ing care as a major stakeholder in the system.
Investment in high quality research beyond the US is
warranted so that comparability with other countries
and health systems is feasible.

The interventions in our study were mostly technol-
ogy-based systems (n = 16, 62%) mainly computer deci-
sion support systems and alert systems. Technological
advancements have meant that decision support systems
are more likely to be available to clinicians. Nearly all
computer decision support systems demonstrated im-
provement in the diagnostic process. However, it is vital
to consider the barriers to technical access [45], includ-
ing technical capacity of organisations and clinicians;
and how effectively decision support systems can be in-
tegrated within the existing capacity of organisations
[60] to realise the benefits in reducing diagnostic errors.
Technology based interventions reduced clinician bias

by prompting clinicians to consider a variety of condi-
tions that might be relevant to a patient’s clinical presen-
tation. Our review revealed twofold improvement in the
rate of accurate diagnosis through the use of checklists
for cardiac examination [48], and improvement in the
overall diagnostic process by shortening the time to
diagnosis, for example 16-fold quicker time to diagnosis
of acute small bowel obstruction compared to radiology
contrast [35].
Patient safety research has highlighted the lack of ap-

propriate measurement information for diagnostic errors
hence the difficulty to ascertain the frequency of occur-
rence relative to other medical errors [7]. Studies identi-
fied in our review had outcome measures that varied
significantly, including rates of screening [54], time to
diagnostic evaluation [35, 44] and lost to follow-up rates
[56, 58, 59]. Although there is ‘no one size fits all ap-
proach’ to measuring diagnostic errors improving the
methods of identification of such errors will also im-
prove measurement information.
Feedback to clinicians on their errors has the potential

to improve the overall diagnostic process and therefore
patient safety [61, 62]. Our review showed evidence of
radiologists benefiting from error review [43], however
this will depend on an organisational culture that is open
to sharing information from their data sources.
Changing the culture of organisations in relation to

diagnostic errors where the focus on feedback and diag-
nostic performance is correction of the system (using
non-litigation approaches) and learn from diagnostic er-
rors rather than focus on the individual who made the
error has been suggested as a means to improve the
learning process of clinicians [61, 63, 64]. Results from
our review did not detect any culture change interven-
tions for diagnostic errors.
Education and training interventions have been

highlighted to improve the diagnostic process, our re-
view identified only one study that explored the im-
pact of education on diagnostic error rates [40].
Broadening the composition of the healthcare team
improved accuracy in the diagnostic process through
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greater consultation and discussion between health-
care professionals, for example a paediatric specialist
trauma team was shown to significantly reduce delay
in trauma diagnosis [44].
Realising the full benefit from an intervention re-

quires clinicians to be responsive to any additional in-
formation received from the intervention. There was
evidence of improvement in the diagnostic process for
some of the tested interventions but the benefit was
only realised when clinicians accepted and acted upon
the recommendations given [46, 56, 58, 59]. Clini-
cian’s unresponsiveness to provided information limits
realisation of benefits to the patient, hence the need
for back-up strategies to improve physician respon-
siveness and therefore intervention effectiveness.

Strengths and limitations of review
The strengths of the review include use of two inde-
pendent reviewers which controlled for random errors
and bias in deciding included studies [65, 66]; search-
ing the grey published and unpublished literature
which minimises publication and reporting bias on
outcomes [65, 66]; and prior registration of the sys-
tematic review with PROSPERO to ensure transpar-
ency and rigor, reducing bias in study selection [65].
This systematic review is limited by a number of

factors: firstly, concentrating only on clinician inter-
ventions notwithstanding the improvement in
diagnostic accuracy demands involvement of all stake-
holders notably patients and their families; secondly,
considering only studies post-1990 and before April
2017 hence results may exclude important earlier and
more recent studies; and lastly, methodological limita-
tion since studies only in English language were in-
cluded (which perhaps could explain some of the bias
towards studies from the US).

Conclusion
In conclusion, we found limited evidence on sug-
gested interventions actually used in clinical settings.
There is some evidence that trigger algorithms, in-
cluding computer based and alert systems, may re-
duce delayed diagnosis and improve diagnostic
accuracy. In trauma settings, strategies such as add-
itional patient review (e.g. trauma teams) reduced
missed diagnosis and in radiology departments review
strategies such as team meetings and error documen-
tation may reduce diagnostic error rates over time.
However, none of the studies explored cost effective-
ness in real practice. For this reason, it is recom-
mended that future work establish the effectiveness
and cost effectiveness of suggested interventions in
real-world clinical settings. The implication is that at
both the national and global level, policies around

patient safety need to be harmonised to enable com-
parison and evaluation of progress with time. We
agree with Singh and colleagues in highlighting the
importance of WHO’s global leadership as instrumen-
tal in addressing diagnostic error as a global problem
[61]. Policy makers can prioritise patient safety and
research to ensure sustainable funding to develop ac-
tionable, evidence based interventions to address diag-
nostic errors, whether due to delayed diagnosis,
misdiagnosis or missed diagnosis.
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