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	Abstract:

Purpose

Cognitive factors are the most prevalent cause of diagnostic error. However, they are difficult to study because they are unobservable. Furthermore, it is difficult to draw conclusions across studies because diagnostic reasoning straddles the clinical and psychological disciplines, which employ divergent theoretical underpinnings, terminologies and methodologies. The aim of this work is to collate and assess the methods employed to study the cognitive causes of diagnostic error, facilitating understanding and collaboration across the clinical and psychological literatures. 

 

Methods

We conducted a systematic review of primary research that investigates the cognitive factors affecting diagnostic accuracy in physicians.

 

Results

An electronic search spanning five databases identified 90 eligible studies. Studies were categorised into:

A] Experimental studies (n=54) that were further subdivided into those that take measures of the diagnostic process as it unfolds (‘process-tracing’) and those that take measures after the diagnosis (‘outcome-based’).

B] Real-case studies (n=36) that were further subdivided into those that analysed patient records (‘database’ studies) and those that elicited cases from physicians (‘self-report’ studies).

Studies were assessed along four dimensions:

1) Theoretical framework: This was present in 91% of experimental and 25% of real-case studies, the most popular being ‘heuristics and biases’.

2) Potential for bias: In 28% of experimental studies, the method of data collection could have influenced the data obtained. Furthermore, in 35% of experimental studies, inferences about the diagnostic process were drawn from post-diagnosis data, making the validity of those inferences questionable. In 89% of chart review studies, subjectivity was apparent in the case review (e.g. inter-rater agreement was not reported or was too low). Self-report studies ran the risk of memory and justification biases but there was little attempt to guard against them on the part of the researchers.

3) Generalisability: Experimental studies used 7 diagnostic problems on average, usually in the form of written vignettes. Real-case studies investigated a larger number of error cases (mean of 92) but with variation between studies.

4) Mixed methods: few studies attempted to triangulate findings using multiple methods (11%).

 

Conclusions

Our review identified several shortcomings in all methodological approaches used to study the cognitive causes of diagnostic error. Multiple methods could go some way to improving the validity of findings but are rarely employed. Review findings form the basis of our recommendations aiming to inform and improve future research in the area.
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1. The Context

1.1 LINNEAUS Aims and objectives

There is a deficit in activity related to patient safety in primary care and the primary care/secondary care interface in Europe. This deficit relates to research, to sharing of information, to learning and to collaboration.

This co-ordination action will specifically address issues addressed in the call through:

1. The development of a taxonomy of adverse events and errors. 

2. Identifying best clinical practice and the way that it improves patient safety through an understanding of decision making and medication errors in primary care. 

3. Achieving consensus on the measurement of safety culture and leadership in the primary care context and develop agreement on indicators which can be used to assess improvements in safety culture. 

4. Enhancing existing knowledge from quality improvement techniques which are widely used in the primary care setting and applying these to learning cycles for improvements in patient safety. 

5. Developing a reporting system which can be used for identifying errors in primary care in countries where activities related to patient safety in primary care are in a nascent state and develop a framework for the development of patient safety initiatives in these nascent organisations. 

6. Identifying methods to involve patients in patient safety initiatives in primary care.

By building up an existing network of researchers into a pan-European network, this co-ordination action will extend the current knowledge and experience from countries where the importance of patient safety is nationally recognised to countries where it is less developed, ensure that there is an appropriate focus on primary care and encourage co-operation and collaboration for future interventions through large scale trials. We aim to substantially increase the level of activity in relation to sharing information through workshops and seminars.
1.2 Work package 4 objectives
1. To develop best practice in relation to methods for studying diagnostic error in primary care. 
2. To develop best practice in relation to the use of electronic health records and diagnostic support for primary care. 
1.3 State of the art at the beginning of the project
Diagnostic error is a significant threat to patient safety1 and the commonest cause of litigation against family physicians (34-63%).2 3
Analyses of errors identified in patient charts suggest that clinicians’ cognitive processes contribute to most diagnostic errors, either alone or in conjunction with system factors.
 ADDIN EN.CITE 

4 5
 However, cognitive processes are unobservable and therefore difficult to study. The challenge for researchers is to externalise them in an unobtrusive way or infer them from observable behaviour.6 7 

The cognitive underpinnings of medical diagnosis and of diagnostic error have been studied using a variety of methodologies that have never so far been collated and assessed. Despite the current interest in diagnostic error, divergent aims, theoretical frameworks, terminologies and methodologies make it difficult to consolidate findings and draw conclusions across studies.

Spanning both the clinical and the psychological literatures, the aim of this systematic review is to identify and characterise the methods used to study the cognitive causes of diagnostic error. We highlight the strengths and weaknesses of each methodology and synthesise the main findings from studies that pose few methodological concerns. 

1.4 Anticipated impact of the work at the beginning of the project
This section describes the impact of the work in this Work Package as anticipated at the start of the project.

	Stakeholder(s)
	Impact

	Research community
	· Two journal papers will be submitted for publication (‘Studying the cognitive causes of diagnostic error: a systematic review of methodologies’ and ‘Requirements for the future development of Computerised Diagnostic Support Systems (CDSS) in Primary Care: an evidence-based review.’)

· Two international and multidisciplinary networks of experts have been established (diagnostic error and computerised diagnostic support)

	GPs, practice nurses etc.
	Enhanced knowledge and understanding of (i) how and why diagnostic errors might occur and (ii) whether and how CDSS might improve diagnostic accuracy. 

	Patients
	Benefits for patients will result from designing better diagnostic support systems and reducing diagnostic error. By improving quality of research in this area, we are making these benefits more likely.

	Policy makers
	Greater understanding about gaps in the research on diagnostic error. Clarity regarding the characteristics of computerised diagnostic support systems.


1.5 Objectives of Deliverable No. 4.1

Deliverable No. 4.1 is the sole and final deliverable of LINNEAUS Work Package 4.  The objectives of deliverable No. 4.1  are:

· To summarise earlier work contributing to the Work Package Milestone and Significant Achievements

· To describe the work contributing to the deliverable description “Report on methods of identifying diagnostic errors in primary care"

· To describe the possible future impact of the work undertaken in this Work Package

· To outline dissemination results and plans

1.6 Glossary

2. Summary of Earlier Work in WP4
This section summarises the work contributing to earlier Significant Achievements and Milestones in this deliverable.

2.1 Significant Achievement No. 4.2 

Purpose of the work

To develop a list of requirements for computerised diagnostic support in primary care.
Methods

We reviewed the systematic reviews that investigate (a) the effectiveness or (b) the features of computerised decision support systems for medical diagnosis. The intention was to determine what current barriers exist to the following:

· Knowledge representation

· Integration with electronic health record (eHR) systems

· Integration with cognitive workflow.

We discussed the implications of this review for CDSS effectiveness in the context of working group of international experts (24/10/2011: Washington, USA). 

Results

There are two significant challenges to be met if a fully integrated CDSS is to be realised. Firstly, a more standardised computable approach to knowledge representation is needed, one that can be readily updated as new knowledge is gained. Secondly, a deep integration with the eHR is needed in order to trigger at appropriate points in cognitive workflow. These can be split down into four key features that diagnostic decision support systems should pay attention to:

1. Knowledge representation of sufficient flexibility and depth to represent rules 

2. Sustainability and upgradeability

3. Semantic interoperability with eHR - standards and granularity issues

4. Understanding of cognitive workflow and action points. 

Conclusions

We take the view that for a CDSS to be effective it needs to be automatic, linked seamlessly to the eHR and to its knowledge engine, and give only the necessary amount of prompts and reminders at the most appropriate points in the decision making process. The system needs to offer an advantage to clinicians over and above the ability to generate safety-critical diagnostic alerts. With increasing litigation against general practitioners, there would be considerable enthusiasm for a system that was able to utilise the dynamic vocabulary tools to quickly capture and code relevant diagnostic findings, and couple these with an individualised diagnosis based on the best-available evidence. This information would be inserted into the electronic health record far faster and more accurately than via most eHR interfaces. In addition, the more richly coded information would be ideal material for enrichment of clinical prediction rules via knowledge mining techniques.

Dissemination activities and published work

A report will be disseminated to members of the working group of experts, and will be submitted for publication in a journal.  

2.2 Milestone No. 8

Two workshops on diagnostic error
Purpose of the work

To discuss the methods that have been employed in the study of diagnostic error, with emphasis on its cognitive causes. 
Methods

Two meetings took place, the first in London (16/4/2010) and the second in Toronto (23/10/2010). The members of the working group are experienced researchers in the study of diagnostic error and represent a range of methodologies.
Results and Conclusions

There are several methodological challenges to studying diagnostic errors in primary care: errors are poorly defined, hard to measure and bring about complex questions of causation and appropriateness of care. 

The group discussed two main methods in the study of diagnostic error: (a) studies using real cases of diagnostic error and (b) studies using simulated cases in order to observe the occurrence of diagnostic error. 

Studies of real cases typically constitute reviews of patient records. Unfortunately, little information about the diagnostic process is available in the record, and physicians do not tend to document their cognitive processes (e.g. the diagnostic hypotheses considered). Thus researchers cannot attribute observable behaviours (e.g., abnormal results not being followed up) to specific psychological processes reliably (though several record review studies do attempt this). Furthermore, record reviews rely on the interpretation of the reviewers, which can introduce a degree of subjectivity. 

Methods based on simulated cases of diagnostic error would benefit from a more mindful approach to stimuli (typically written patient vignettes): studies often fail to justify the number and range of patient cases used, to clearly define and operationalise case difficulty, and/or to provide sufficient case information to enable replication. 
Dissemination activities and published work

The workshop report has been made available to all Linneaus partners. 

3. Work in the Last Period: Methodology
We searched for peer-reviewed articles presenting primary research on the cognitive factors affecting physicians’ diagnostic accuracy. 

	
	Included
	Excluded

	Participants
	Practicing physicians
	- Psychiatrists, psychologists, and counsellors 

- Allied health professionals

- Non-clinicians

- Medical students

	Task
	Medical diagnosis
	- Visual diagnosis 

- Mental health diagnosis

	Variables of interest


	Cognitive factors affecting diagnostic accuracy
	- Human factors/system factors

- Intentional violations of procedures

- Patient-related delay/error

	Outcomes
	Diagnostic accuracy measured against a standard.
	

	Methods
	
	- Reviews and systematic reviews
- Studies of patient or physician opinions 
- Epidemiological studies

	Publication types
	Peer-reviewed journal articles in English
	- Books

- “Grey” literature


Figure 1 Inclusion and exclusion criteria

Note 

Variables: Human factors refer to physician fatigue, workload, etc. System factors refer to technical and organisational factors. 
Outcomes: Diagnostic inaccuracy took the form of misdiagnosis, delayed diagnosis, or deviation from a pre-specified “optimal” diagnostic process. 

Methods: we excluded epidemiological studies as they tend not to frame research questions or findings in cognitive terms. We excluded reviews but screened their reference lists. 
The search was conducted on PubMed (1948-2011), MEDLINE (1950-20), Embase (1980-2011), PsycINFO (1806-2011) and Web of Science (1899-2011). Search terms were designed to capture studies on both diagnostic error and cognition, e.g., diagnos* error/delay AND bias* (Appendix 1). Papers known to the authors prior to the search were included and recommendations from field experts were sought. The reference lists of included articles were also searched.

We devised a scheme to classify the studies according to their methodology. Firstly, studies were classified as either 1) studies of real cases or 2) experimental studies. Studies of real cases analyse patient cases where a diagnostic error had occurred, whereas experimental studies use simulated diagnostic problems to collect their data. 

Studies of real cases were further subdivided into (1a) database studies and (1b) self-report studies. Database studies sample cases of diagnostic error from databases (patient charts or litigation records), whilst self-report studies elicit them from physicians directly.

Experimental studies were further subdivided into (2a) “process tracing” and (2b) “outcome-based”. Process tracing studies monitor and record aspects of the diagnostic process as it unfolds over time, aiming to shed light on the covert characteristics of decision making.

Subsequently, each study was characterised along four dimensions: 

A. Theoretical framework: does it employ an established model of cognition or decision making to guide research questions, study design and/or interpretation of findings?

B. Potential for bias: might the methods employed bias the findings and might there be plausible alternative explanations for the findings?

C. Generalisability: are the findings likely to generalise to clinical practice?

D. Use of mixed methods: are findings triangulated or supplemented by other methods in the same or subsequent publications? 

One author (MN) classified and characterised all the studies reviewed. A second author (OK) did so independently for a subset of studies (19%). A Kappa index of agreement on characterisation was calculated separately for each item of the scheme.

4. Work in the Last Period: Results
The electronic search identified 4441 studies. The titles and abstracts were initially screened and the full text of 198 articles was examined for eligibility. Following this process, 90 articles were deemed eligible for full review (electronic: 40; recommendation: 13; bibliographic search: 37; Appendix 2). Approximately half of the studies included were conducted after 2000 (45%). Over half of the studies pertained to secondary care (56%), while half were carried out in the USA (50%).
Classification of the studies reviewed

Inter-rater agreement in the classification of studies was perfect.8 Both experimental studies and studies of real cases were well represented in the final sample (n=54 and n=36 respectively). Process tracing (n=26) and outcome-based studies (n=28) appeared equally frequently amongst the experimental studies. There were far more studies of cases from databases (n=32) than of cases recalled (n=4). 

Database studies (1a) that used chart review sampled cases according to pre-specified criteria (e.g. symptoms,


9 10 ADDIN EN.CITE  diseases


11 12 ADDIN EN.CITE  and/or presentation patterns


13 ADDIN EN.CITE ). They determined whether an error had occurred either based on further medical investigation (e.g. test results,


9 ADDIN EN.CITE  autopsy findings


14 ADDIN EN.CITE ) or by comparing information on the chart against a predefined process for patient interview and/or management.


15 16 ADDIN EN.CITE 
Studies that elicited cases of diagnostic error from self report (1b) relied solely on physicians’ memory, probed via interviews17 and questionnaires.18 

Process tracing studies (2a) typically investigated aspects of information search, selection and integration.6 For example, they recorded physicians vocalizing their thoughts as they reasoned over a patient vignette
 ADDIN EN.CITE 

19 20
 or recorded physicians’ sequential probability estimates at each segment of a progressively revealed patient case. 
 ADDIN EN.CITE 
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Outcome-based studies (2b) gathered data after physicians had reviewed all case information and had, in some cases, given a diagnosis. For example, physicians were asked to recall case features,
 ADDIN EN.CITE 

23
 explain the pathophysiology of a case24 or describe their reasoning that led to a diagnosis.
 ADDIN EN.CITE 

25
 

Characterisation of the studies reviewed

Inter-rater agreement on study characterisation was very good (mean (=0.85, median (=0.87).8 Disagreements were resolved by discussion.
1) Theoretical framework

A theoretical framework was present in most studies (63%), though it was more common in experimental studies (91%) than studies of real cases (25%). Most studies that employed some theoretical framework were theory-driven (90%), i.e. used theory to inform research questions and guide design decisions, rather than employing it only retrospectively to help interpret the findings. The most popular theoretical framework was that of heuristics and biases.26
2) Potential for bias

2i) Reactivity

“Reactivity” refers to the potential of a specific method or measure to influence and change the very reasoning process that it aims to capture.27 The potential for reactivity is inherent in process-tracing studies. For example, asking clinicians to think aloud while solving a diagnostic problem may alter their reasoning through competition for cognitive resources for the diagnostic vs. the verbalisation task, through improved recall via auditory feedback,28 or through the generation of new inferences and improved strategies on account of heightened reflection.27 Despite instructions or training in thinking aloud, participants may still produce explanations and elaborations rather than simply the contents of their working memory. Studies that use think-aloud should perform checks for reactivity: a silent group of participants is compared to the think-aloud group to check for performance differences. If there is no reactivity, the only difference should be the time taken – longer times are expected in the think-aloud condition. However, some experimental studies requested that clinicians explain their reasoning during diagnosis, which is likely to interfere with the behaviour of interest.


29 30 ADDIN EN.CITE  Furthermore, the validity of the results produced by this kind of introspection has been challenged by Nisbett and Wilson31 and by Ericsson and Simon among others. They argue that access to cognitive processes is limited, therefore attempts to explain what one is thinking risk producing generalisations and justifications.

Certain types of behavioural measures taken during the diagnostic process can also change the behaviour of interest. For example, clinicians may be asked to provide probability estimates for their differential diagnoses at various points during the process, something that is unlikely to happen in everyday clinical practice and could influence the number of the differential diagnoses provided.
 ADDIN EN.CITE 

21 22
 Furthermore, Hogarth and Einhorn’s Belief Adjustment Model predicts that the responses of participants who are required to make a judgment at the end of a sequence of information will differ from the responses of participants who are required to update their judgment with each new piece of information.32
2ii) Retrospective measures

Avoiding the problem of reactivity, some researchers do not intervene during the diagnostic process, but make a record of the observable behaviour and investigate psychological processes only retrospectively. For example, Barrows et al. videotaped clinical encounters with a standardised patient.


33 ADDIN EN.CITE  Kostopoulou et al. recorded family physicians’ information gathering during encounters with computerised patients.34 Both conducted stimulated-recall interviews following diagnosis, which allowed participants to comment upon the consultation while watching a video or viewing the information that they had elicited. There are, however, problems with retrospective verbal data, well catalogued by Kostopoulou et al: “Being retrospective, stimulated recall data may suffer from hindsight bias, new inferences, and decision justiﬁcation and may not reﬂect accurately the thinking processes during task performance.”34, p. 411 Only 19% of the process tracing studies attempted to trace the diagnostic process retrospectively. In contrast, half of the outcome-based studies used some type of retrospective measure to draw inferences about the diagnostic process. For example, one study asked participants for a list of the case features that had been critical to their diagnosis.
 ADDIN EN.CITE 

35
 Asking participants to filter information that they may have used during diagnosis can exacerbate memory and justification biases.36 
As a rule, studies of real cases can only provide a retrospective account of what happened. In self-report studies, this account was limited by what physicians could remember or chose to reveal, which is subject to the biases mentioned above. The four self-report studies included in the review did not always specify the time that had lapsed since the error, nor whether the medical record was available for crosschecking during reporting. 

Chart review studies often attempted to infer the cognitive processes that led to the error from information contained in the chart.
 ADDIN EN.CITE 

4 37
 However, the chart is a record of mostly observable behaviour (e.g. information elicited from the patient, physical examination, investigations, etc.) and it may also be incomplete. Charts rarely include accounts of psychological events (e.g. hypotheses considered, information interpretations, motives for action or inaction); therefore conclusions about the physician’s cognition can be misleading.

A minority of real-case studies did, however, adopt a prospective approach to record review


10 38 ADDIN EN.CITE  and self report.39 This allowed researchers to predefine the amount and nature of data they wished to gather. Increased control over data collection means that prospective designs can overcome some of the limitations of retrospective ones: researchers were able to request from treating physicians detailed information that might otherwise escape recording or reporting (e.g. a differential diagnosis after history taking). As a result, they revealed failures in the diagnostic reasoning process without relying too heavily upon assumptions about what had happened.

Typically, prospective chart reviews focus on a specific reason for encounter (e.g. shortness of breath) and use guidelines and/or a Delphi approach to develop a standard for the most appropriate management actions. The actual processes documented in the record and any additional templates filled in by the clinicians are then assessed against this standard.40 

2iii) Error identification and classification

Subjectivity in the chart review process was apparent in a number of database studies: lack of a predetermined protocol for reviewing the charts (29%), a single reviewer or an unspecified number of reviewers (35%). Most chart review studies that employed >1 reviewer (65%) reported inter-rater agreement on whether a diagnostic error or adverse event had occurred. However, only two chart-review studies


14 41 ADDIN EN.CITE  and one self-report study18 reported inter-rater agreement on the classification of error types or causes. It ranged from moderate to substantial8 (Kappa range 0.58 to 0.78, proportional agreement range 65%-79%). 

Real-case studies classified types of diagnostic error and their causes in a number of ways. For example, some studies used clinical classifications that reflected different types of tasks (e.g. administrative errors, investigation errors, treatment errors) where diagnostic error was but one type.


17 42 43 ADDIN EN.CITE  Others focused on the diagnostic error alone and tried to locate it in the temporal and physical sequence of the diagnostic process (history taking, physical examination, investigations).


13 18 ADDIN EN.CITE  Such classifications however obscure the underlying causes of diagnostic errors: there are interactions between the different stages of the observable diagnostic process; failures at different stages could be due to the same underlying, cognitive cause. 

Some researchers derived their own taxonomies from pilot interviews and/or literature review, making comparisons between studies difficult.


14 17 ADDIN EN.CITE  A small number of studies used psychological models to classify the cognitive causes of diagnostic error, usually as part of a larger error taxonomy.
 ADDIN EN.CITE 

41 44
 The most popular was Rasmussen’s Skills-Rules-Knowledge model,45 though variations of the information processing model (attention-memory-judgment-action) have also been proposed.


46 ADDIN EN.CITE  These models offer mutually exclusive categories, can provide unique insights into causation and can inform countermeasures. However, patient charts or physicians’ error reports contain incomplete information about cognitive processes, which makes the use of such models difficult.

2iv) Order effects

Experimental studies can control for order effects, i.e. the possibility that the findings are inextricably linked to the specific order in which information or cases were presented to participants. It was notable that 53% of the experimental studies that used multiple patient cases or experimental conditions did not control for order effects.

3) Generalisability

The generalisability of study findings to clinical practice depends upon the number and representativeness of the participants (e.g. experience, specialty) and the cases used, as well as the mode of information presentation and response elicitation.

A trend to use more participants and more diagnostic scenarios was observed in experimental studies over time. 
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Figure 2 (i) Mean number of participants in outcome-based and process-tracing studies over time. 
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Figure 3(ii) Mean number of scenarios per participant in outcome-based and process-tracing studies over time
Studies of real cases on the other hand provide the scope to investigate a larger number of diagnostic errors. Clinicians’ self reports obtained via questionnaires and interviews outperformed expensive and laborious database studies in their ability to identify diagnostic errors: studies of recalled cases analysed on average 198 diagnostic errors (30-583), while database studies analysed on average 74 diagnostic errors (4-248). 

As regards the representativeness of patient cases, experimental studies tended to employ mainly difficult cases (e.g. rare or atypical) to increase the chances of observing diagnostic error. However, problem difficulty was rarely defined and was often established on the basis of expert opinion


19 23 ADDIN EN.CITE  or retrospectively based on the performance obtained (number of participants misdiagnosing).47 
Almost half of the database studies (47%) sampled cases on the basis of error consequences, for example, cases that triggered malpractice claims


5 48 ADDIN EN.CITE , adverse events44, admission to intensive care


49 ADDIN EN.CITE  or death


14 50 ADDIN EN.CITE  Sampling error cases on the basis of outcome is a cost effective strategy, but could introduce a sampling bias that reduces case representativeness: there may be systematic differences between errors that precede (for example) litigation or death and those that do not. There is evidence that severity of patient consequence depends upon the type of error39 as well as the type of cognitive activity involved51. Some studies minimise sampling bias by screening all patient charts within a certain frame for specific criteria (e.g. follow-up visits within 10 days of a primary care visit,


13 ADDIN EN.CITE  re-attendance at an emergency department52 or discrepancies between primary and discharge diagnoses


53 ADDIN EN.CITE ). These increase the chances of identifying error cases that are not based on severity of outcome.


13 ADDIN EN.CITE  

The mode of information presentation and the mode of response elicitation determined task representativeness in experimental studies. Almost all studies employed paper-based or computerised simulations of patients (91%). Exceptions included the use of human actors (‘standardised patients’)


33 54 ADDIN EN.CITE  and high-fidelity patient simulators (‘simulated patients’).


55 56 ADDIN EN.CITE  However, there is some evidence that clinicians’ performance is comparable across written vignettes and standardised patients.57 As regards response elicitation mode, only a quarter (22%) of experimental studies allowed clinicians to gather information as they saw fit. A third (37%) did not require clinicians to give a diagnosis but to estimate the probability of a given diagnosis or select it from a predetermined list. Variations in response elicitation mode have been found to lead to different responses and therefore conclusions.


58-60 ADDIN EN.CITE 
4) Mixed methods

Only ten of the studies reviewed (11%) used more than one method to supplement findings.

Some experimental studies combined process tracing with outcome-based methods
 ADDIN EN.CITE 

34 61
 or helped to formulate hypotheses that were further explored in studies that used a different methodology.
 ADDIN EN.CITE 

62 63

Some chart review studies followed up the identified errors by interviewing the physicians involved.
 ADDIN EN.CITE 

4 64 65
 This allowed them to gain more information about the circumstances surrounding the errors and their possible causes. However, studies did not always describe the interview process in sufficient detail to enable assessment of its methodological rigour. 

Limitations

The search strategy required that both medical and cognition-related keywords be included in the title or abstract. Thus, the search may have missed epidemiological studies that do not frame their findings in cognitive terms but may still provide useful information about physicians’ cognition, e.g. by identifying types of patient presentations that are more likely to be misdiagnosed. The search may also have missed papers using specific terms, for example, ‘premature closure’ rather than ‘bias’ and ‘missed opportunity’ rather than ‘error’. Reference chaining and expert recommendation reduced the likelihood of missing such papers. Finally, we did not search “grey” or foreign literatures, nor did we hand-search journals. 

Recommendations regarding study methodology

Our review identified several shortcomings in all methodological approaches used to study the cognitive causes of diagnostic error. Multiple methods (and interdisciplinary collaboration) could go some way to improving the validity and reliability of findings, but are rarely employed. However, the different methodological approaches should be employed with equal methodological rigour as in single-method studies and should be reported in sufficient detail in publications.
In experimental studies, researchers should assess the risks and benefits of employing concurrent vs. retrospective verbal reports. Retrospective verbalisations may not accurately reflect earlier thinking processes however they do not interfere with the task of interest, i.e. the diagnosis. If concurrent verbalisations are employed instead, researchers should check that these do not interfere with the diagnosis, by having a silent group for comparison purposes. They should also avoid asking participants to filter information but leave them free to report the contents of their working memory (during concurrent verbalisation) or episodic memory (during retrospective verbalisation).

Findings from experimental studies may not generalise well to real-life clinical practice if only one or a small number and range of diagnostic problems are used and if the mode of information presentation to physicians and the mode of response elicitation from physicians are substantially different from real life. Researchers are advised to test findings from experimental studies at a later stage using more ecologically valid tasks and a range of diagnostic problems.

Finally, it is necessary for researchers conducting experimental studies to give sufficient details about the diagnostic cases used, perhaps providing the cases in an appendix. They should clearly explain how the cases were constructed and the degree of difficulty involved in their diagnosis. It is not sufficient to simply state that, for example, a case is rare or atypical. 

Real-case studies that analyse diagnostic errors that have occurred in clinical practice should ensure that case review is as objective as possible by employing a predetermined protocol and more than one reviewer trained to use the protocol. They should also report inter-rater agreement in the identification of errors (Kappa index). These studies should refrain from drawing inferences about physicians’ cognitive processes on the basis of recorded data on patient charts. 
Conducting real-case studies prospectively could reduce the problems of incomplete records (database) and retrospective biases (self-report). 
Finally, the combination of chart review and experimental techniques is promising: issues identified at chart review could be examined more closely under experimental conditions. Such a strategy would harness the strengths of the methods available: chart review is a powerful means of identifying large numbers of cases and the types that tend to get misdiagnosed, thereby generating hypotheses about the cognitive causes of diagnostic errors. Experimental studies can manipulate the types and features of diagnostic problems and test hypotheses in a controlled environment. 

Synthesis of findings

We reviewed the findings of a subset of experimental studies, whose methods and analyses posed few concerns regarding validity. A consistent finding was the narrowing of diagnostic focus, whereby undue prominence is given to a favoured diagnostic hypothesis.


34 56 66 67 ADDIN EN.CITE  This phenomenon was either induced directly via experimental manipulation (usually ‘priming’) or observed as it naturally unfolded in a subset of participants.

Studies that prime an inaccurate diagnosis find that it leads to missing the correct diagnosis,56 focusing attention on features consistent with the incorrect diagnosis


67 ADDIN EN.CITE  and overestimating the likelihood of rare diseases that have been primed.66 Priming a correct diagnosis increases the likelihood that information will be interpreted accurately and that the correct diagnosis will eventually be given.


55 ADDIN EN.CITE   

Biases in data gathering and interpretation can also reflect narrowing of focus. Wolf and colleagues found that clinicians did not select the piece of evidence that provided the most useful (i.e. differentiating) information but the one which provided additional, positive evidence for their focal hypothesis.68 Kostopoulou and colleagues found that family physicians differed systematically and significantly in the amount and type of information gathered, and in the way they interpreted information, according to the diagnosis that they finally gave.34 They also found that when an alternative hypothesis became the focus of attention, many physicians explained away features that did not fit with their hypothesis or provided more than one diagnosis,61 instead of challenging their focal hypothesis. Furthermore, it seems more difficult for physicians to challenge a focal hypothesis when expected findings are absent than when findings inconsistent with the hypothesis are present.56
As regards theory, the phenomenon of narrow focus sits well with accounts of cognitive consistency, which posit that people strive for coherence in their judgments and decisions.


69 ADDIN EN.CITE  To this end, their search, selection and interpretation of information might bolster information that is consistent with – and denigrate information that is inconsistent with – an emerging judgment.70 As regards practice, it may benefit physicians to be alert to situations where specific diagnoses are primed (for example, a diagnosis made by a colleague, included in a referral letter, or suggested by the patient). Trying to think routinely why such diagnoses could be incorrect might help clinicians reduce narrow focus.

The detrimental effects of narrow focus become apparent in cases where initial impressions are likely to be wrong.


71 ADDIN EN.CITE  Unfortunately, clinicians cannot know a priori which these cases are. Furthermore, a systematic, proceduralised form of reasoning that some researchers advocate, where hypotheses are systematically generated and exhaustively tested,


71 ADDIN EN.CITE  is time consuming and laborious, and therefore unlikely to be applied routinely. Future research could investigate which steps in the hypothetico-deductive process are most effective, in order to devise more practicable diagnostic routines.

Studies disagree as to whether and how diagnostic accuracy relates to physician experience (years in training/practice).


56 72-74 ADDIN EN.CITE  One study that used a single real patient found that the information search of the more experienced (or specialised) physicians was more schema-driven, whilst that of housestaff was more routinised.


75 ADDIN EN.CITE  In other studies, experience-related differences in accuracy narrowly missed statistical significance.


56 72 73 ADDIN EN.CITE  Research designed specifically to detect experience-related differences is required.
Clinical experience does not appear to shield physicians from biases related to the order in which information was presented/elicited. The most common order effect is recency, whereby information presented last becomes the focus of the physician’s attention and receives more weight than had it been presented earlier.21 22 

Finally, physicians appear to overestimate the probability of unlikely (but not of common76) diagnoses following a positive test result. Recent research attributes this to either misuse or neglect of pre-test probabilities.


77-79 ADDIN EN.CITE 
5. Overall Work Package Conclusions
Based on systematic review and input from a working group of experts, we have identified two main methods for the study of diagnostic error: (a) studies using real cases of diagnostic error and (b) studies using simulated cases in order to observe the occurrence of a diagnostic error. 

Detailed analysis of these approaches (and their derivatives) revealed several shortcomings in all methods. Dialogue between the two main approaches could go some way toward improving the quality of research in this area, yet multiple methods were rarely employed by the studies reviewed. 
Review findings and discussions of the working group formed the basis of recommendations that may inform and improve future research. These address advantages, disadvantages and best practices as regards the stimulus materials used (construction and presentation of patient cases) and the mode of data collection employed (concurrent, retrospective or prospective).

Finally, a consistent finding among a subset of the studies reviewed was that one diagnostic hypothesis can enter the foreground early in the clinical encounter. Successive events (elicitation, evaluation and recall of clinical data) take place in light of this working diagnosis. Situations where diagnoses are primed (e.g. a pre-existing diagnosis) and where initial hypotheses are likely to be incorrect (e.g. an atypical presentation) might increase susceptibility to diagnostic error. 

5.1 General conclusions
As above. 

5.2 Impact on future research

The two systematic reviews allow for characterisation and assessment of existing methods for (i) studying diagnostic error and (ii) supporting diagnosis with technology in primary care. In both cases, the findings form the basis of explicit recommendations that may directly inform and improve future research in the area.
5.3 Impact on citizens of the European Union

Conducting better research on diagnostic error and on ways of supporting diagnosis will produce more effective tools and solutions for reducing the impact of diagnostic error on the citizens of the EU.
5.4 Contribution to the LINNEAUS goal of building a Patient Safety Research Network

The two working groups of experts facilitate ongoing international and multidisciplinary dialogue concerning best practice in the study of diagnostic error and CDSS in primary care. 
5.5 Future dissemination plans

Two papers will be submitted for journal publication (‘Studying the cognitive causes of diagnostic error: a systematic review of methodologies’ and ‘Requirements for the future development of Computerised Diagnostic Support Systems (CDSS) in Primary Care: an evidence-based review’). 
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Appendix 1: Electronic search terms
Medical terms: 

· Diagnos* ADJ3 error*

· Diagnos* ADJ3 delay*

· Diagnos* ADJ3 inaccura*

· Diagnos* ADJ3 miss*

Cognitive terms: 

· Reasoning*

· Bias*

· Judgment*

· Judgement*

· Cognit*

Strategy:

1. Search each medical term (free text) separately

2. Combine all free-text medical terms with ORs

3. Search each medical term for appropriate Subject Headings, separately

4. Combine all Subject Heading medical terms with ORs

5. Full medical term search: combine free-text and Subject Headings with ORs

6. Search each cognitive term (free text) separately

7. Combine all free-text cognitive terms with ORs

8. Search each cognitive term for appropriate Subject Headings, separately

9. Combine all Subject Heading cognitive terms with ORs

10. Full cognitive term search: combine free-text and Subject Headings with ORs

11. Combine full medical term search and full cognitive term search with AND

Appendix 2: Studies reviewed.
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	Arkes HR, Wortmann RL, Saville PD, Harkness AR. 
	1981


	Hindsight bias among physicians weighing the likelihood of diagnoses.
	Journal of Applied Psychology.
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	Arzy S, Brezis M, Khoury S, Simon SR, Ben-Hur T. 
	2009


	Misleading one detail: A preventable mode of diagnostic error?
	Journal of Evaluation in Clinical Practice.
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	Barrows HS, Norman GR, Neufeld VR, Feightner JW. 
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	Bergus GR, Chapman GB, Gjerde C, Elstein AS. 
	1995


	Clinical reasoning about new symptoms despite preexisting disease: Sources of error and order effects.
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	The wrong diagnosis: identifying causes of potentially adverse events in general practice using incident monitoring.
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