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Abstract
Background—Diagnostic errors (missed, delayed, or wrong diagnosis) have gained recent
attention and are associated with significant preventable morbidity and mortality. We reviewed the
recent literature to identify interventions that have been, or could be, implemented to address
systems-related factors that contribute directly to diagnostic error.

Methods—We conducted a comprehensive search using multiple search strategies. We first
identified candidate articles in English between 2000 and 2009 from a PubMed search that
exclusively evaluated for articles related to diagnostic error or delay. We then sought additional
papers from references in the initial dataset, searches of additional databases, and subject matter
experts. Articles were included if they formally evaluated an intervention to prevent or reduce
diagnostic error; however, we also included papers if interventions were suggested and not tested
in order to inform the state-of-the science on the topic. We categorized interventions according to
the step in the diagnostic process they targeted: patient-provider encounter, performance and
interpretation of diagnostic tests, follow-up and tracking of diagnostic information, subspecialty
and referral-related; and patient-specific.

Results—We identified 43 articles for full review, of which 6 reported tested interventions and
37 contained suggestions for possible interventions. Empirical studies, though somewhat positive,
were non-experimental or quasi-experimental and included a small number of clinicians or health
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care sites. Outcome measures in general were underdeveloped and varied markedly between
studies, depending on the setting or step in the diagnostic process involved.

Conclusions—Despite a number of suggested interventions in the literature, few empirical
studies have tested interventions to reduce diagnostic error in the last decade. Advancing the
science of diagnostic error prevention will require more robust study designs and rigorous
definitions of diagnostic processes and outcomes to measure intervention effects.

INTRODUCTION
A growing body of evidence identifies diagnostic error (missed, delayed, or incorrect
diagnosis) as an important patient safety issue. (1-5) Although not all of these errors
translate into harm and many go undetected, a substantial number are associated with
preventable morbidity and mortality. (6, 7) Diagnostic errors affect every medical discipline
and all types of patients. However, the focus on diagnostic errors has lagged behind the rest
of the patient safety movement. (8, 9)

Studies have begun to identify the root causes that contribute to diagnostic error. (10-12)
These causes include either one or more of the following: clinician cognitive factors,
systems factors, and patient factors. Cognitive factors include perceptual and thought
processes, which are in turn influenced by differences in clinician training and experience,
predisposition to cognitive and affective biases, fatigue, stress, and a variety of other
elements. System factors refer to organizational vulnerability to diagnostic error and may
include faulty communication practices, inadequate coordination of care, inadequate
supervision, poorly designed technology and work environment, reduced availability of
resources or personnel, inadequate feedback, and a culture that does not necessarily promote
effective learning from error. (10) Patient-related factors include variability in
communication styles and practices, heterogeneity in patients’ clinical presentation to
providers, and differential access to personal health information. (13)

Reducing the likelihood of diagnostic error and error-related harm is a critical priority.
Recent insights about diagnostic error etiology have stimulated ideas about potential
solutions. However, to our knowledge, strategies to reduce diagnostic error have not been
compiled or comprehensively reviewed since the release of the IOM report To Err is
Human. We therefore conducted a literature review to identify key interventions to reduce or
prevent diagnostic errors over the past decade. Our aim was to identify interventions that
have been, or could be, implemented to address systems-related factors that contribute
directly to diagnostic error. For the purposes of the review, we broadly categorized patient
factors along with systems factors. This paper examines systems-related interventions, while
a companion paper reviews cognitive interventions (including decision support) to improve
the reliability of clinical reasoning.

METHODS
Search Strategy

We used multiple search strategies to identify candidate articles that described interventions
to prevent, reduce, or mitigate diagnostic errors. Although many advances and interventions
in healthcare may be intended to improve diagnosis (e.g., new diagnostic tests or screening
methods), we focused specifically on system-level interventions to prevent or mitigate
medical error in the diagnostic process. To avoid searching potentially hundreds of
thousands of indexed papers, we used more restrictive than inclusive strategies to select for
diagnostic errors. Thus, we conducted a search of the PubMed database that combined the
major Medical Subject Headings (MeSH) “Diagnostic Errors” or “Delayed Diagnosis” AND
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one or more relevant MeSH terms and keywords to capture both systems and cognitive
interventions (see Table 1 for complete list). We also focused our initial search on the time
period after the release of the IOM report To Err is Human (14), 2000-2009, to focus on
more recent literature. We limited our search to English language publications that focused
on humans and had abstracts that could be used for initial screening. This strategy yielded
949 articles.

We employed several secondary strategies to locate additional relevant articles for review.
First, we manually reviewed the references of the articles we identified through PubMed as
described above. Second, we used an internet-based search engine (Google) and searched
topic-specific research databases (AHRQ’s PSNet, PsycINFO, and the Air University
Library Index to Military Periodicals) with a subset of search terms listed in Table 1. Third,
we solicited additional recommended references from several authorities in the field of
diagnostic error and decision-making sciences. Finally, we identified relevant articles
released in 2010 after the cut-off date of the formal review but relevant to the topic.
Together, these secondary search methods yielded an additional 160 articles.

Selection Strategy
Because the field is nascent and evolving, we also reviewed the literature for intervention
concepts that have been suggested by expert commentators, usually based on studies
examining the epidemiology or etiology of these errors. Thus, we considered two broad
classes of articles: 1) “actual” interventions that were tested to reduce error or harm in
medical diagnostic settings, and 2) “suggested” interventions, i.e., those that had not been
tested. The latter category was included to help refine our search for tested interventions,
inform the state-of-the-science, and highlight potential areas of future research. Articles that
tested actual interventions discussed measurable changes in either patient behaviors or in
organizational services, processes, systems, structures, or products in order to prevent or
mitigate diagnostic error. We included all study designs, including review papers in the case
of suggested interventions.

We excluded studies that described inter-rater or observer variation in the absence of an
intervention; validations of screening instruments or tests; single case reports; assessments
limited to provider satisfaction, preference, or acceptance of interventions; and techniques to
enhance diagnosis involving screening instruments, specific tests, or technologies (e.g., a
newer generation CT scan). We also excluded studies of the development of risk models and
reports of diagnostic error frequency or etiology.

Abstracts were reviewed by three health services researchers and categorized as “included,”
“excluded,” or “unsure.” To improve reliability and consistency of categorization, the three
reviewers first independently reviewed 20 abstracts, compared categorization, and refined
their categorization criteria. Two physicians with expertise in diagnostic error research
further validated the inclusion/exclusion process by reviewing a random sample of excluded
articles, and all articles categorized as “unsure” and “include,” a strategy that helped achieve
better inter-rater agreement. Disagreements in categorization were resolved by team
consensus.

Data Extraction
We extracted data using structured data collection forms. For the studies reporting actual
interventions, we documented study design, content and duration of intervention, type of
intervention subjects, scope of intervention or “reach” (i.e., by number of participants),
outcome measures, and intervention effectiveness. For suggested interventions, we
documented the focus (disease, condition, etc.) and methods for diagnostic error prevention.
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All data collection forms were checked for completeness. All team members, including
expert physicians, participated in the review and interpretation of results.

Categorization
Diagnosis is a multistep process that depends on the functioning of the provider, patient, and
health system. Accordingly, we categorized systems-based interventions according to five
previously described, interactive steps (13) of the diagnostic process: 1) the patient-provider
encounter that involves clinician decision-making and test/referral ordering based on details
of patient presentation; 2) performance and interpretation of diagnostic tests; 3) follow-up
and tracking of diagnostic information over time; 4) subspecialty and referral-specific
issues; and 5) patient-related care-seeking and adherence processes. Several interventions
were not specific to a particular step in the diagnostic process and were categorized as
“general interventions.” (Table 2)

RESULTS
We identified 43 articles on systems-related interventions that met criteria for full review.
The majority of articles did not describe empirical studies, but rather provided suggestions
for interventions based on the origins of diagnostic errors, observational research of system/
patient factors, or promising results from studies of related topics (e.g., patient satisfaction
with test notification). (Table 3) Six articles reported empirical outcomes of actual systems
interventions. (Table 4) These 6 studies were non-experimental or quasi-experimental and
measured outcomes before and/or after an intervention among a small number of clinicians
or health care sites. Measures of diagnostic error varied markedly between studies,
depending on the setting and type of intervention and the diagnostic process involved. In the
sections below, we summarize all of the 43 selected studies according to the five interactive
steps of the diagnostic process (13).

The patient-provider encounter
Two studies were related to diagnostic error during this step. In both studies, the goal of the
intervention was to avoid delayed or missed diagnosis of traumatic injuries through changes
in care processes. Perno et al. (15) described the implementation of a pediatric trauma
response team, whereas Howard et al. (16) implemented a comprehensive reevaluation of
trauma patients within 24 hours of admission. Both interventions produced positive results:
implementing the pediatric response team significantly reduced delayed diagnosis of injury
(15), and tertiary examination of trauma patients identified significantly more previously
missed injuries. (16)

Diagnostic test performance and interpretation
One study tested an intervention to prevent diagnostic errors related to diagnostic test
performance and interpretation. This trial, conducted in the Emergency Room (ER) setting,
focused on the implementation of a Picture Archiving and Communications System (PACS),
which electronically acquires, transfers, and stores radiographic images. (17) Using PACS
improved diagnostic performance by reducing the overall misdiagnosis rate, although the
rate of serious misdiagnosis did not change.

Follow-up and tracking
A number of papers focused on timely follow-up of test results, modes for follow-up, and
outcomes. Of these, three described actual interventions: Singh et al. (18) examined the
reliability of electronically communicating positive fecal occult blood test results in a
system where over a third of results were not followed-up. After identifying and correcting a
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software misconfiguration in the electronic health record that prevented communication of
test results to primary care providers, they found that timely follow-up increased
significantly and was sustained at month four following the intervention. Poon and
colleagues designed Result Notification via Alphanumeric Pagers (ReNAP), an application
that enables clinicians to indicate preferences for notification of patient-specific laboratory
test results via an alphanumeric pager. (19) ReNAP was well received, with 780 different
clinicians using the feature within a 12-month period and usage averaging 2,300 times per
month. Piva and colleagues reported that a computerized test result notification system
improved communication of critical laboratory values. Computerized notification was both
faster (average of 11 minutes) and more successful (90% notification success rate within 1
hour) as compared to standard telephone notification only (average time of 30 minutes to
notification, with less than 50% success within 1 hour). (20) Although these usage statistics
implied an improvement in delivery of test results, in the latter two studies no actual data on
follow-up of the delivered information was provided. Taken together, the studies illustrated
the potential of technology and monitoring to improve transmission of important diagnostic
information to clinicians, although no evidence of reduced diagnostic delays was provided.

Many articles suggested potential strategies to prevent test results from being lost to follow-
up. Suggested system interventions included both processes to facilitate appropriate follow-
up (e.g., explicit communication policies for test results, highly structured hand-off
procedures, and pre-planned follow-up for any diagnostic test) and structural changes such
as use of electronic tracking systems and patient navigation programs. (1, 21-27) Hanna et
al., (28) for instance, described a broad intervention intended to facilitate improvement in
communication of test results across multiple hospitals within Massachusetts. The
Massachusetts Coalition for the Prevention of Medical Errors and the Massachusetts
Hospital Association created a consensus group to identify the tests and the abnormal test
results that should be considered critical and communicated in a timely manner, and the
groups distributed this “starter set” to hospitals statewide.

Referral related
Although we did not find any tested interventions in this category, strategies to ensure
availability of appropriate expertise have been suggested as interventions to reduce
diagnostic error (e.g., when there is no radiologist to read films overnight from the ER) (25).

Patient related
The literature suggested several strategies to reduce error by better engaging and
communicating with patients, although none of these were tested. Seven studies measured
patient satisfaction and preferences with various methods of test result notification. (29-35)
Although not focused on diagnostic errors, two recently published literature reviews
summarized the effectiveness and feasibility of patient engagement as a potential
intervention for error prevention. Schwappach (36) identified several key forces that
promote patient engagement, including beliefs about self-efficacy, behavioral control, and
the perceived ability to help prevent adverse incidents. Longtin et al. (37) concluded that,
while patient engagement has been well documented in studies of decision making and
chronic disease management, patient participation in error prevention has not been explored.
The authors provided a conceptual model of factors that influence patient participation in
preventing errors.

Finally, other suggested interventions have focused on improving patient education and
communication between patients and providers to reduce errors. Two articles emphasized
the need to anticipate patients’ potentially faulty interpretations or reasoning during the
diagnostic process. (38, 39) Another study suggested that better adherence to future care for
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abnormal Papanicolaou smears might result when adolescents visit a clinic prior to their
follow-up colposcopy appointments. (40) This literature demonstrates a need to consider the
patient’s perspective in designing interventions to reduce diagnostic errors.

General interventions (not specific to any step)
A number of articles suggested possible strategies to ameliorate “error-producing
conditions” that contribute to diagnostic error. Although we found no studies of actual
interventions with these aims, many suggested interventions included structural and/or
process changes to complement or improve providers’ diagnostic performance. These
included specific strategies such as second readings of key diagnostic tests, clinical decision
support, and feedback to clinicians on their diagnoses; many of these are discussed in detail
in the companion paper, (1, 27, 41) as is general re-design of the working environment to
produce better decision-making. (42) Zwaan et al. (43) suggested methods to evaluate such
interventions by measuring both the “suboptimal cognitive acts” that could lead to
diagnostic error (e.g., not ordering a recommended test) and physicians’ workload and
fatigue at the time that they made the diagnosis.

Other publications suggested interventions to reduce diagnostic errors by learning from
errors encountered locally. Schiff et al. (2) described the use of physician reports to identify
and analyze diagnostic errors and suggested that organizations could identify potential
preventive strategies through a similar process. Similarly, Colgan (44) discussed the
potential value in mandatory disclosure and review of all diagnostic errors encountered in a
cohort of surgical and cytopathology cases. Articles also discussed the potential application
of information systems to reduce diagnostic errors. Becich et al. (45) reviewed the
opportunities for pathology informatics to enhance patient safety. Singh et al. (46) examined
the range of potential communication breakdowns during the diagnostic process that can
lead to error and identified opportunities for information technology to reduce these
breakdowns. Finally, Schiff and Bates (22) focused on multiple ways in which electronic
health records can aide in the prevention of diagnostic errors, provided they are designed
and used appropriately.

DISCUSSION
Our literature review of systems-related interventions to reduce diagnostic error published in
the last decade yielded very few empirical outcome studies. Because system-based
interventions are favored by many as the preferred approach for addressing diagnostic error,
the results of our review are rather surprising. (14) Our findings highlight a large gap
between suggested interventions and those that have been operationalized and evaluated
empirically. Many interventions suggested were already close to implementation, if not
already underway, but lacked data to support their effectiveness in reducing diagnostic error.
For instance, systems-based interventions based on electronic health records and health
information technology have received a great deal of attention, but compelling studies are
relatively few. Nevertheless, a handful of system interventions that were tested (e.g., an
electronic system to acquire, transfer, and store radiographic images (17) and process-of-
care changes in emergency settings) demonstrated some degree of effectiveness in reducing
diagnostic error. (15, 16) Interventions to promote more “patient centered” care (e.g.,
empowering patients in their diagnostic process) represent another concept which, though
broadly accepted, has not been tested as a means of reducing error.

Although patients constitute an important and largely neglected resource for improving
outcomes related to diagnostic error, no empirical study found during our review examined
the direct effect of patient-related interventions. For example, directly notifying patients of
abnormal test results has been suggested as a reliable back-up process to help ensure that
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important results are not missed, but this has not been formally tested. Another interesting
example of how patients can be engaged in this context is the now-mandatory reporting of
all mammography reports directly to the patient (47).

Our review has several implications for future interventions to reduce diagnostic error.
Despite the high volume of care delivered in the primary care setting, few intervention
studies directly addressed the primary care work-system. The dearth of such studies was
surprising because several intervention ideas for the primary care setting had been well
conceptualized in the literature. These promising but as-yet untested strategies include
improving follow-up and tracking of abnormal or critical test results, improving hand-off
processes, systematic tracking of diagnostic errors and implementing rapid patient follow-up
on certain high-risk initial diagnoses. Many of these are ripe for testing and implementation.

Advances in other areas of patient safety over the last decade have not been systematically
applied to the science of diagnostic error reduction. One area we particularly found largely
absent from the literature was the science of human factors. (48) To reduce mismatches
between system-based interventions and the capabilities of providers and patients who
interact with them, human factors principles should be applied to the design and
development of future interventions. For instance, rapid prototyping techniques could be
used to identify awkward and confusing interfaces, while testing the interventions in
simulated or actual clinical settings might help identify unintended consequences. (49, 50)
Better designs could help ensure that once an error occurs, it does not cascade through the
entire multi-stage diagnostic process. Design of other health IT-based applications could
also benefit from these same principles. For example, EHR-based intervention design must
take into account not only the technology (software, hardware, content of data, information,
and knowledge, user interface) but also the workflow in which it will be implemented, the
people who use and implement it, the organization in which it will be implemented, and the
external legal and regulatory influences in play. (51) Taking into account this interactive
“socio-technical” perspective will allow development of concomitant strategies to build
resilience into the EHR work-system and mitigate harm, if it occurs. (52) Thus, the fields of
cognitive science, informatics, human factors and engineering must come together to design
some of these health IT interventions.

Testing and implementation of interventions other than IT to reduce diagnostic error in real-
world practice will also need to take into account contextual factors that might affect their
success. (53) Factors such as policies and procedures, safety culture, organizational and
teamwork related factors could have a substantial impact on effectiveness of systems-based
interventions to reduce diagnostic errors. For example, implementing and testing a
diagnostic error reporting system for physicians requires significant institutional
commitment, (54) and this might not be possible to obtain in many institutions. Recent
evidence suggests that most of these contextual factors are generally not reported. (53)
Measurement and analysis of contextual factors that affect testing or implementing these
interventions might be challenging, but it would provide others useful information for
applying these interventions to their own settings. (53)

Our review also highlights some of the main challenges in designing future interventions
and studies to measure their impact. First, because of the multifaceted nature of these errors,
and the fact that there are many other complex variables involved, the actual intervention
effect might be difficult to demonstrate. Second, the impact of interventions on improving
patient safety might be difficult to estimate because most studies did not specifically link
errors or outcomes (such as delays) to adverse events. Although some robust methods to
capture specific aspects of diagnostic error, such as timeliness of diagnosis, have been used,
these “process measures” might not always link to reliable clinical outcomes. The few
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studies that did measure outcomes in terms of an actual diagnostic error rate focused on very
specific clinical scenarios (e.g., missed trauma injuries), measurement of which does not
generalize broadly across care settings or disease conditions. (15, 16) In general,
measurement science (definitions and rigorous process/outcome measures) in this area
remains underdeveloped. Third, observational studies were most commonly used to measure
outcomes before and after an intervention, with a small number of clinicians or health care
sites, without a control group. Controlled study designs are desirable, but not always called
for or practical. Fourth, although we categorized interventions in one of five process steps to
account for systems-related diagnostic processes, design, and implementation of
interventions to reduce diagnostic error in real-world practice should also account for
potential interaction between two or more of these steps. (55) As evident in several studies
that we could not categorize (general category), it’s not always possible to categorize
interventions according to these steps.

Our review had several limitations. Although distinguishing system-related from cognitive
interventions facilitates understanding of diagnostic errors and discussion of possible
interventions (Graber et al; companion paper), we acknowledge that most diagnostic errors
involve complex etiologies that are related to both system and cognitive performance. (56)
We could not delineate how the systems-based interventions impacted providers’ cognitive
and perceptual capabilities. System-based interventions to facilitate clinical decision-making
(e.g., implementation of electronic clinical decision support systems) fall into this category
and are discussed in detail in the companion paper. We also used restrictive search criteria to
identify literature specific to diagnostic errors or delays. As a result, we likely missed
several key papers, especially when interventions were suggested in contexts that were not
directly related to diagnostic error. Lastly, we focused largely on studies after the year 2000
in an attempt to capture progress made in the field in the last decade, but in doing so may
have excluded earlier important work from our review.

In conclusion, our review summarizes the state of the science in the design of future
interventions to reduce diagnostic errors in health care. In light of the gaps in knowledge
demonstrated in the recent literature, we believe that future studies should be multifaceted,
focus on real-world clinical practice, and aim to measure the direct effects of interventions
on rates of errors in diagnosis. Advancing the science of diagnostic error prevention will
require more robust study designs and rigorous definitions of diagnostic processes and
outcomes to measure intervention effects.

Acknowledgments
We thank Annie Bradford, PhD, for assistance with medical editing.

Funding Source

This study was funded by the Agency for Healthcare Research and Quality (AHRQ) Task Order Contract No.
HHSA290200600001, Task 8. Dr. Singh is additionally supported by an NIH K23 career development award
(K23CA125585), the VA National Center of Patient Safety, Agency for Health Care Research and Quality, and in
part by the Houston VA HSR&D Center of Excellence (HFP90-020). The authors of this paper are solely
responsible for its content. The findings and interpretations in the paper do not represent the opinions or
recommendations of the institutions with which the authors are affiliated, the Agency for Healthcare Research and
Quality, the NIH or the U.S. Department of Health and Human Services. All authors had access to the data.

References
1. Berner E, Graber M. Overconfidence as a cause of diagnostic error in medicine. Am J Med. May;

2008 121(5 Suppl):S2–23. [PubMed: 18440350]

Singh et al. Page 8

BMJ Qual Saf. Author manuscript; available in PMC 2013 June 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2. Schiff GD, Hasan O, Kim S, Abrams R, Cosby K, Lambert BL, et al. Diagnostic error in medicine:
analysis of 583 physician-reported errors. Arch Intern Med. Nov 9; 2009 169(20):1881–7.
[PubMed: 19901140]

3. Zwaan, L.; de Bruijne, M.; Wagner, C.; Thijs, A.; Timmermans, DRM. Diagnostic Error in
Medicine. Los Angeles, CA: 2009. A retrospective record review study on the causes of diagnostic
adverse events.

4. Singh H, Graber M. Reducing diagnostic error through medical home-based primary care reform.
JAMA. Jul 28; 2010 304(4):463–4. [PubMed: 20664048]

5. Newman-Toker DE, Pronovost PJ. Diagnostic errors--the next frontier for patient safety. JAMA.
Mar 11; 2009 301(10):1060–2. [PubMed: 19278949]

6. Gandhi TK, Kachalia A, Thomas EJ, Puopolo AL, Yoon C, Brennan TA, et al. Missed and delayed
diagnoses in the ambulatory setting: a study of closed malpractice claims. Annals of Internal
Medicine. 2006; 145(7):488–96. [PubMed: 17015866]

7. Phillips RL Jr. Bartholomew LA, Dovey SM, Fryer GE Jr. Miyoshi TJ, Green LA. Learning from
malpractice claims about negligent, adverse events in primary care in the United States. Quality and
Safety in Health Care. 2004; 13(2):121–6. [PubMed: 15069219]

8. Wachter RM. Why diagnostic errors don’t get any respect--and what can be done about them.
Health Aff (Millwood). Sep; 2010 29(9):1605–10. [PubMed: 20820015]

9. Graber M. Diagnostic errors in medicine: a case of neglect. Jt Comm J Qual Patient Saf. Feb; 2005
31(2):106–13. [PubMed: 15791770]

10. Graber ML, Franklin N, Gordon R. Diagnostic error in internal medicine. Arch Intern Med. Jul 11;
2005 165(13):1493–9. [PubMed: 16009864]

11. Redelmeier DA. Improving patient care. The cognitive psychology of missed diagnoses. Ann
Intern Med. Jan 18; 2005 142(2):115–20. [PubMed: 15657159]

12. Mamede S, Schmidt HG, Rikers R. Diagnostic errors and reflective practice in medicine. J Eval
Clin Pract. Feb; 2007 13(1):138–45. [PubMed: 17286736]

13. Singh H, Weingart SN. Diagnostic errors in ambulatory care: dimensions and preventive strategies.
Adv Health Sci Educ Theory Pract. Sep; 2009 14(Suppl 1):57–61. [PubMed: 19669923]

14. Institute of Medicine (IOM). , editor. To Err is Human, Building a Safer Health System. National
Academy Press; Washington, DC: 1999.

15. Perno JF, Schunk JE, Hansen KW, Furnival RA. Significant reduction in delayed diagnosis of
injury with implementation of a pediatric trauma service. Pediatr Emerg Care. Jun; 2005 21(6):
367–71. [PubMed: 15942513]

16. Howard J, Sundararajan R, Thomas SG, Walsh M, Sundararajan M. Reducing missed injuries at a
level II trauma center. J Trauma Nurs. Jul-Sep;2006 13(3):89–95. [PubMed: 17052086]

17. Weatherburn G, Bryan S, Nicholas A, Cocks R. The effect of a picture archiving and
communications system (PACS) on diagnostic performance in the accident and emergency
department. J Accid Emerg Med. May; 2000 17(3):180–4. [PubMed: 10819379]

18. Singh H, Wilson L, Petersen LA, Sawhney MK, Reis B, Espadas D, et al. Improving follow-up of
abnormal cancer screens using electronic health records: trust but verify test result communication.
BMC Med Inform Decis Mak. 2009; 9:49. [PubMed: 20003236]

19. Poon EG, Kuperman GJ, Fiskio J, Bates DW. Real-time notification of laboratory data requested
by users through alphanumeric pagers. J Am Med Inform Assoc. May-Jun;2002 9(3):217–22.
[PubMed: 11971882]

20. Piva E, Sciacovelli L, Zaninotto M, Laposata M, Plebani M. Evaluation of effectiveness of a
computerized notification system for reporting critical values. Am J Clin Pathol. Mar; 2009
131(3):432–41. [PubMed: 19228648]

21. Gandhi TK. Fumbled handoffs: one dropped ball after another. Ann Intern Med. Mar 1; 2005
142(5):352–8. [PubMed: 15738454]

22. Schiff GD, Bates DW. Can electronic clinical documentation help prevent diagnostic errors? N
Engl J Med. Mar 25; 2010 362(12):1066–9. [PubMed: 20335582]

23. Casalino LP, Dunham D, Chin MH, Bielang R, Kistner EO, Karrison TG, et al. Frequency of
Failure to Inform Patients of Clinically Significant Outpatient Test Results. Arch Intern Med. Jun
22; 2009 169(12):1123–9. 2009. [PubMed: 19546413]

Singh et al. Page 9

BMJ Qual Saf. Author manuscript; available in PMC 2013 June 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



24. Wahls TL, Cram P. Proposed interventions to decrease the frequency of missed test results. Adv
Health Sci Educ Theory Pract. Sep; 2009 14(Suppl 1):51–6. [PubMed: 19669920]

25. Study: missed diagnoses have multiple causes. ED Manag. Jan; 2007 19(1):10–1. [PubMed:
17352338]

26. Singh H, Sethi S, Raber M, Petersen LA. Errors in cancer diagnosis: current understanding and
future directions. J Clin Oncol. Nov 1; 2007 25(31):5009–18. [PubMed: 17971601]

27. Schiff GD. Minimizing diagnostic error: the importance of follow-up and feedback. Am J Med.
May; 2008 121(5 Suppl):S38–42. [PubMed: 18440354]

28. Hanna D, Griswold P, Leape LL, Bates DW. Communicating critical test results: safe practice
recommendations. Jt Comm J Qual Patient Saf. Feb; 2005 31(2):68–80. [PubMed: 15791766]

29. Leekha S, Thomas KG, Chaudhry R, Thomas MR. Patient preferences for and satisfaction with
methods of communicating test results in a primary care practice. Jt Comm J Qual Patient Saf.
Oct; 2009 35(10):497–501. [PubMed: 19886088]

30. Meza JP, Webster DS. Patient preferences for laboratory test results notification. Am J Manag
Care. 2000; 6(12):1297–300. [PubMed: 11151807]

31. Dolan NC, Feinglass J, Priyanath A, Haviley C, Sorensen AV, Venta LA. Measuring satisfaction
with mammography results reporting. J Gen Intern Med. Mar; 2001 16(3):157–62. [PubMed:
11318910]

32. Karnieli-Miller O, Adler A, Merdler L, Rosenfeld L, Eidelman S. Written notification of test
results: Meanings, comprehension and implication on patients’ health behavior. Patient Education
and Counseling. 2009; 76(3):341–7. doi: DOI: 10.1016/j.pec.2009.07.021. [PubMed: 19660891]

33. Keren RM-WS, Goldmann DA, Mandl KD. Notifying emergency department patients of negative
test results: Pitfalls of passive communication. Pediatr Emerg Care. 2003; 19:226–30. [PubMed:
12972818]

34. Baldwin D, Quintela J, Duclos C, Staton E, Pace W. Patient preferences for notification of normal
laboratory test results: A report from the ASIPS Collaborative. BMC Family Practice. 2005; 6(1):
11. [PubMed: 15755328]

35. Matheny MEGT, Orav EJ, et al. Impact of an automated test results management system on
patients’ satisfaction about test result communication. Arch Intern Med. 2007; 167(20):2233–9.
[PubMed: 17998497]

36. Schwappach DL. Review: engaging patients as vigilant partners in safety: a systematic review.
Med Care Res Rev. Apr; 2010 67(2):119–48. [PubMed: 19671916]

37. Longtin Y, Sax H, Leape LL, Sheridan SE, Donaldson L, Pittet D. Patient participation: current
knowledge and applicability to patient safety. Mayo Clin Proc. Jan; 2010 85(1):53–62. [PubMed:
20042562]

38. Redelmeier DA, Ferris LE, Tu JV, Hux JE, Schull MJ. Problems for clinical judgement:
introducing cognitive psychology as one more basic science. Canadian Medical Association
Journal. 2001; 164(3):358–60. [PubMed: 11232138]

39. Redelmeier DA, Tu JV, Schull MJ, Ferris LE, Hux JE. Problems for clinical judgement: 2
Obtaining a reliable past medical history. CMAJ. Mar 20; 2001 164(6):809–13. [PubMed:
11276550]

40. Lavin C, Goodman E, Perlman S, Kelly LS, Emans SJ. Follow-up of abnormal Papanicolaou
smears in a hospital-based adolescent clinic. J Pediatr Adolesc Gynecol. 1997; 10:141–5.
[PubMed: 9288658]

41. Graber ML. Taking steps towards a safer future: measures to promote timely and accurate medical
diagnosis. Am J Med. May; 2008 121(5 Suppl):S43–6. [PubMed: 18440355]

42. Milkman KL, Chugh D, Bazerman MH. How Can Decision Making Be Improved? Perspectives on
Psychological Science. Jul; 2009 4(4):379–83. Article.

43. Zwaan L, Thijs A, Wagner C, van der Wal G, Timmermans DR. Design of a study on suboptimal
cognitive acts in the diagnostic process, the effect on patient outcomes and the influence of
workload, fatigue and experience of physician. BMC Health Serv Res. 2009; 9:65. [PubMed:
19383168]

44. Colgan TJ. Disclosure of diagnostic errors: the death knell of retrospective pathology reviews? J
Low Genit Tract Dis. Oct; 2005 9(4):216–8. [PubMed: 16205191]

Singh et al. Page 10

BMJ Qual Saf. Author manuscript; available in PMC 2013 June 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



45. Becich MJ, Gilbertson JR, Gupta D, Patel A, Grzybicki DM, Raab SS. Pathology and patient
safety: the critical role of pathology informatics in error reduction and quality initiatives. Clin Lab
Med. Dec; 2004 24(4):913–43. [PubMed: 15555749]

46. Singh H, Naik AD, Rao R, Petersen LA. Reducing diagnostic errors through effective
communication: harnessing the power of information technology. J Gen Intern Med. Apr; 2008
23(4):489–94. [PubMed: 18373151]

47. Center for Devices and Radiological Health FaDA. , editor. The Mammography Quality Standards
Act Final Regulations Quality Assurance Documentation. 1999.

48. Human Factors and Ergonomics Society. 2011. [cited 2011 March 18]; Available from: http://
www.hfes.org/web/Default.aspx

49. Singh H, Thomas EJ, Mani S, Sittig D, Arora H, Espadas D, et al. Timely follow-up of abnormal
diagnostic imaging test results in an outpatient setting: are electronic medical records achieving
their potential? Archives of Internal Medicine. Sep 28; 2009 169(17):1578–86. [PubMed:
19786677]

50. Singh H, Thomas EJ, Sittig DF, Wilson L, Espadas D, Khan MM, et al. Notification of abnormal
lab test results in an electronic medical record: do any safety concerns remain? Am J Med. Mar;
2010 123(3):238–44. [PubMed: 20193832]

51. Sittig DF, Singh H. A new sociotechnical model for studying health information technology in
complex adaptive healthcare systems. Qual Saf Health Care. Oct; 2010 19(Suppl 3):i68–74.
[PubMed: 20959322]

52. Sittig DF, Singh H. Defining health information technology-related errors: new developments
since to err is human. Arch Intern Med. Jul 25; 2011 171(14):1281–4. [PubMed: 21788544]

53. Taylor SL, Dy S, Foy R, Hempel S, McDonald KM, Ovretveit J, et al. What context features might
be important determinants of the effectiveness of patient safety practice interventions? BMJ Qual
Saf. Jul; 2011 20(7):611–7.

54. Trowbridge, RaS. D. Addressing Diagnostic Errors: An Institutional Approach. Focus on Patient
Safety: A Newsletter From the National Patient Safety Foundation. 2010:1–2. 5.

55. Schiff, GD.; Kim, S.; Abrams, R.; Cosby, K.; Lambert, B.; Elstein, AS.; Hasler, S.; Krosnjar, N.;
Odwazny, R.; Wisniewski, MF.; McNutt, RA. Diagnosing Diagnosis Errors: Lessons from a
Multi-Institutional Collaborative Project. In: Henriksen, K.; Battles, JB.; Marks, ES., et al., editors.
Advances in Patient Safety: From Research to Implementation (Volume 2: Concepts and
Methodology). Agency for Healthcare Research and Quality; Rockville (MD): 2005.

56. Henriksen K. Partial truths in the pursuit of patient safety. Qual Saf Health Care. Oct; 2010
19(Suppl 3):i3–7. [PubMed: 20959315]

57. Radiology discrepancies plaguing ED managers. ED Manag. Jul; 2005 17(7):76–8. [PubMed:
16022230]

58. Wald J, Burk K, Gardner K, et al. Sharing electronic laboratory results in a patient portal: a
feasibility pilot. Stud Health Technol Inform. 2007; 1(29, part 1):18–22. [PubMed: 17911670]

59. Ross S, Moor L, Earnest M, Wittevrongel L, Linn C. Providing a web-based online medical record
with electronic communication capabilities to patients with congestive heart failure: randomized
trial. J Med Internet Res. 2004; 6(12)

60. Ross SE, Lin CT. The effects of promoting patient access to medical records: a review. J Am Med
Inform Assoc. Mar-Apr;2003 10(2):129–38. [PubMed: 12595402]

61. Michie S, Thompson M, Hankins M. To be reassured or to understand? A dilemma in
communicating normal cervical screening results. Br J Health Psychol. 2004; 9:113–23. [PubMed:
15006205]

62. Caldwell J. Fighting aircrew fatigue…and mishaps. Flying Safety. 2004; 60(3):20–1.

63. Campbell SG, Croskerry P, Bond WF. Profiles in patient safety: A “perfect storm” in the
emergency department. Acad Emerg Med. Aug; 2007 14(8):743–9. [PubMed: 17538077]

64. Singh H, Petersen LA, Thomas EJ. Understanding diagnostic errors in medicine: a lesson from
aviation. Qual Saf Health Care. Jun; 2006 15(3):159–64. [PubMed: 16751463]

65. Beach C, Croskerry P, Shapiro M. Profiles in patient safety: emergency care transitions. Acad
Emerg Med. Apr; 2003 10(4):364–7. [PubMed: 12670851]

Singh et al. Page 11

BMJ Qual Saf. Author manuscript; available in PMC 2013 June 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.hfes.org/web/Default.aspx
http://www.hfes.org/web/Default.aspx


66. Jones DG, Endsley MR. Overcoming representational errors in complex environments. Human
Factors. 2000; 42(3):367–78. Article. Fal. [PubMed: 11132798]

67. Borrell-Carrio F, Epstein RM. Preventing errors in clinical practice: A call for self-awareness.
Annals of Family Practice. 2004; 2:310–6.

68. Fleck MS, Mitroff SR. Rare targets are rarely missed in correctable search. Psychol Sci. Nov; 2007
18(11):943–7. [PubMed: 17958706]

69. Tachakra S. Level of diagnostic confidence, accuracy, and reasons for mistakes in teleradiology for
minor injuries. Telemed J E Health. 2002; 8(1):111–21. Spring. [PubMed: 12020411]

Singh et al. Page 12

BMJ Qual Saf. Author manuscript; available in PMC 2013 June 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Singh et al. Page 13

Table 1
Medical Subject Headings (MeSH) Terms and Keywords Used as Qualifiers for Major
MeSH Terms Diagnostic Error or Delayed Diagnosis, in alphabetical order

MeSH terms: Keywords:

Affect “bias”

Clinical Competence “cognitive error”

Communication “metacognition”

Continuity of Patient Care

Decision Making

Decision Making, Organizational

Decision Support Systems, Clinical

Decision Support Techniques

Feedback

Forms and Records Control/standards

Guidelines as Topic Knowledge Bases (includes
 heuristics)

Health Knowledge, Attitudes, Practice Knowledge of
 Results (Psychology)

Health Literacy

Health Records, Personal

Human Engineering

Judgment

Medical Informatics

Medical Records Systems, Computerized

Mental Recall

Organizational Culture

Patient Access to Records

Patient Participation (includes patient involvement)

Physician Patient Relations

Physician’s Practice Patterns

Problem Solving

Professional-Patient Relations

Reminder Systems

Systems Analysis

Time Factors

Truth Disclosure
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Table 2
Taxonomy of Diagnostic Error Dimensions

Process dimension Description Example

Provider-patient
encounter

Problems with history, physical exam, or ordering
diagnostic tests for further work-up

Significant symptoms are not noted or acted
upon at the time of the encounter

Diagnostic tests Problems with ordered tests either not performed or
performed/interpreted incorrectly

Incorrect laboratory test result due to mislabeled
specimen

Follow-up and tracking Problems with follow-up of abnormal diagnostic test
results or scheduling of follow-up visits

No follow-up of an abnormal X-ray despite
suspicious finding

Referrals Lack of appropriate actions on requested consultation
or communication breakdown from consultant to
referring provider

Consultant requests additional information from
referring provider, but referring provider does
not respond to the inquiry

Patient related Delay in follow-up appointments, uncertainty over
how to react to abnormal test results, low adherence,
failure to provide critical history information

Patient does not show up for a scheduled
diagnostic test
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Table 3
Proposed System-Related Intervention Ideas to Address Multiple Dimensions of
Diagnostic Error

Intervention (Suggested or Tested) Suggested Tested

Patient-provider Encounter [2]

Trauma response team Perno et al.(15)

Comprehensive reexamination in ED Howard et al. (16)

Diagnostic Test Performance and
Interpretation [1]

Availability of electronic systems for
results delivery

Weatherburn et al. (17).

Follow-up and Tracking [15]

Explicit criteria for communication
of abnormal test results

Gandhi (21), Hanna et al. (28)

Planned follow-up to any test Berner and Graber (1), Schiff (27)

Test-tracking system for ordering
providers (electronic or not)

Gandhi (21), Singh et al. (26), Schiff
and Bates (22); Casalino et al. (23);

Singh et al. (18); Poon et al. (19), Piva
et al. (20)

Improved standardization of the
steps involved in the flow of test
result information

Wahls and Cram (24)

Improve the management and
presentation of test result data

Wahls and Cram (24)

Use the emergency department
manager to monitor radiology test
results reporting

Emergency Department Manager (57)

Report discrepancies in radiology
reports to emergency department

Emergency Department Manager (57)

Establish back-up processes so that
any information about test results
can be easily retrieved again

Emergency Department Manager (25)

Establish highly structured hand-offs
that are performed systematically

Emergency Department Manager (25)

Systematic tracking of diagnostic
error in organization

Colgan (44); Schiff et al. (2)

Referral Related [1]

Ensure availability of appropriate
expertise

Emergency Department Manager (25)

Patient Related [18]

Address patient preferences for
receiving test results

Leekha et al. (29); Meza and Webster
(30); Dolan et al. (31); , Karnieli-
Miller (32); Keren et al. (33)

Communicate normal test results Baldwin et al. (34); Keren et al. (33)

Use automated test results
management tool

Matheny et al. (35)

Use online portal to access test
results

Wald et al. (58); Ross et al. (59)

Provide access to entire medical
record

Ross and Lin (60)

Consider cognitive limitations when Redelmeier et al. (39)
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Intervention (Suggested or Tested) Suggested Tested

taking patient history

Consider communication strategies
to optimize patient understanding of
medical information

Michie et al. (61); Lavin et al. (40)

Enhance patient engagement in
health care

Schwappach (36); Longtin et al. (37)

Greater involvement of patients to
ensure the follow-up of test results

Wahls and Cram (24), Emergency
Department Manager (57)

Patient navigator Singh et al. (26)

General interventions [12]

Provide education on error-
producing conditions like fatigue

Caldwell (62); Campbell et al. (63);
Singh et al. (64); Beach et al. (65);
Jones and Endsley (66) Borrell-Carrio
and Epstein (67)

Provide opportunity to correct last
response

Fleck and Mitroff (68)

Address environmental conditions
that could produce boredom, time
pressure, etc.

Tachakra (69); Zwaan et al. (43)

Use of information technology Becich et al. (45); Singh et al. (46);
Schiff and Bates (22)
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