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Missed, delayed, or incorrect diagnosis can lead to inappropriate
patient care, poor patient outcomes, and increased cost. This sys-
tematic review analyzed evaluations of interventions to prevent
diagnostic errors. Searches used MEDLINE (1966 to October 2012),
the Agency for Healthcare Research and Quality’s Patient Safety
Network, bibliographies, and prior systematic reviews. Studies that
evaluated any intervention to decrease diagnostic errors in any
clinical setting and with any study design were eligible, provided
that they addressed a patient-related outcome. Two independent
reviewers extracted study data and rated study quality.

There were 109 studies that addressed 1 or more intervention
categories: personnel changes (n � 6), educational interventions
(n � 11), technique (n � 23), structured process changes (n � 27),

technology-based systems interventions (n � 32), and review
methods (n � 38). Of 14 randomized trials, which were rated as
having mostly low to moderate risk of bias, 11 reported interven-
tions that reduced diagnostic errors. Evidence seemed strongest for
technology-based systems (for example, text message alerting) and
specific techniques (for example, testing equipment adaptations).
Studies provided no information on harms, cost, or contextual
application of interventions. Overall, the review showed a growing
field of diagnostic error research and categorized and identified
promising interventions that warrant evaluation in large studies
across diverse settings.

Ann Intern Med. 2013;158:381-389. www.annals.org
For author affiliations, see end of text.

THE PROBLEM

The family of patient safety targets that includes diag-
nostic errors has unclear boundaries. An operational defi-
nition includes diagnoses that are “unintentionally delayed
(sufficient information was available earlier), wrong (an-
other diagnosis was made before the correct one), or
missed (no diagnosis was ever made), as judged from
the eventual appreciation of more definitive information”
(1, 2).

Although the definition is a bit fluid, there is no doubt
that the scope of the problem is large. A systematic review
of 53 series of autopsies reported a median antemortem
error rate of 23.5% (range, 4.1% to 49.8%) for major
errors (clinically missed diagnoses involving a principal un-
derlying disease or primary cause of death) and 9.0%
(range, 0% to 20.7%) for incorrect diagnoses that are likely
to have affected patient outcomes (3). Disease-specific
studies show that 2% to 61% of patients experience missed
or delayed diagnoses (4). In a survey of pediatricians, 54%
admitted making a diagnostic error at least once per
month, and 45% noted making diagnostic errors that
harmed patients at least once per year (5). Lack of perti-
nent historical or clinical information and team processes
(for example, inadequate care coordination) contributed to
errors (5).

Furthermore, research on variation in patient out-
comes related to diagnosis timing suggests that there is
room for improvement for some high-risk conditions. For
example, early identification of sepsis may decrease mortal-
ity in surgical intensive care (6).

Problems in care related to diagnosis are particularly
prevalent among precipitating causes for lawsuits; 25% to
59% of malpractice claims are attributable to diagnostic
errors (4, 7, 8). A recent study of 91 082 diagnosis-related

malpractice claims from 1986 to 2005 estimated payments
summing to $34.5 billion (inflation-adjusted to 2010 U.S.
dollars) (9). Among 10 739 malpractice claims from the
2005–2009 National Practitioner Data Bank, diagnosis-
related problems accounted for 45.9% of paid claims from
outpatient settings and 21.1% of paid claims from inpa-
tient settings (10).

Some authors have asserted that diagnostic errors are
both more likely to result in patient harms and more pre-
ventable than treatment-related errors (such as wrong-site
surgery or incorrect medication dose), making the problem
particularly important to address (11). Given this poten-
tial, the purpose of this review is to assess the multitude of
interventions to prevent diagnostic errors and better under-
stand their effectiveness.

PATIENT SAFETY STRATEGIES

There is a broad array of patient safety strategies
(PSSs) that could affect diagnostic errors. Approaches
might involve technical, cognitive, and systems-oriented
strategies, usually tailored to specific conditions or settings.

Strategies might address specific types of diagnostic
error, root causes of the error, or particular technologies
that are available. Strategies might target clinician errors
related to assessment (for example, failure or delay in con-
sidering an important diagnosis) or laboratory and radiol-
ogy testing (including failure to order needed tests, techni-
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cal errors in processing specimens or tests, or erroneous
reading of tests) (2). Interventions that target such failure
areas might include tools that generate differential diagno-
sis lists based on algorithms and checklists; electronic mon-
itoring of test result follow-up; and redesigned documen-
tation systems that efficiently aggregate relevant evidence
and aid cognitive interpretation (2). Broad-based strategies
might target changes in residency training, board certifica-
tion, and even patient and family engagement in diagnostic
problem solving.

Finally, many strategies could incorporate advances
in medical problem solving (including heuristics and
metacognition), decision analytic or normative decision
making, and clinical diagnostic decision support
(12–14). Strategies in this area—computerized diagnosis
management—could include computerized physician or-
der entry with clinical decision support.

REVIEW PROCESSES

We captured relevant literature for review through 2
main mechanisms. First, we identified 2 key systematic
reviews that summarized data on system-related interven-
tions addressing organizational vulnerabilities to diagnostic
errors (15) and cognitively related interventions that could
affect diagnosis (16). Then, we used broad search strategies
to identify additional literature. We searched MEDLINE
(1966 to October 2012), the Agency for Healthcare Re-
search and Quality (AHRQ) Patient Safety Network (www

.psnet.ahrq.gov/), and bibliographies of background arti-
cles and previous systematic reviews to identify literature on
effects of interventions targeting diagnostic errors and/or di-
agnostic delays. The major Medical Subject Heading terms
were “diagnostic errors” and “delayed diagnosis.”

Eligible studies were those that evaluated any interven-
tion to decrease diagnostic errors (incorrect diagnoses or
missed diagnoses) in any clinical setting and with any study
design, provided that they addressed patient-related out-
comes (that is, the correct diagnosis was eventually con-
firmed through patient follow-up testing, surgery, autopsy,
or other means) or proxy measures of patient-related out-
comes. We also considered studies that evaluated interven-
tions intended to affect the time to correct diagnosis or
appropriate clinical action. We excluded studies in which
there was no intervention or no real patients (for example,
simulations), the intervention was not aimed to reduce di-
agnostic errors, or there were no patient outcomes or prox-
ies thereof.

Two independent investigators screened articles for el-
igibility at the title and abstract level, and any discrepancies
about selection were resolved through discussion with the
entire research team. We also screened all of the studies
included in the reviews by Singh and colleagues (15) and
Graber and associates (16) and identified 23 studies that
were evaluations of interventions.

In total, we identified 109 articles that met inclusion
criteria. The Supplement (available at www.annals.org)
provides a complete description of the search strategies,
article flow diagram, and evidence tables.

We used AMSTAR, a tool that addresses such items as
the comprehensiveness of the search, the assessment of the
quality of included studies, and the methods for synthesiz-
ing the results, to assess the methodological quality of the 2
key systematic reviews (17). We used a standard risk of bias
assessment to evaluate quality of the randomized trials (Ta-
ble 3 of the Supplement) (18). We developed and used a
categorization scheme to classify, from an organizational
perspective, interventions that target diagnostic errors
(Table). Categories included changes that an organization
might consider generically to reduce errors. Such changes
include techniques investment; personnel configurations;
additional review steps for higher reliability; structured
processes; education of professionals, patients, and families;
and information and communications technology–based
enhancements.

This review was supported by the AHRQ, which had
no role in the selection or review of the evidence or the
decision to submit this manuscript for publication.

BENEFITS AND HARMS

Benefits
Prior Systematic Reviews

Singh and colleagues (15) considered 43 diagnostic
error studies of systems interventions related to provider–
patient encounters, diagnostic test performance and inter-

Key Summary Points

Missed, delayed, or incorrect diagnosis can lead to
inappropriate patient care, poor patient outcomes,
and increased cost.

Patient safety strategies targeting diagnostic errors have
only recently been studied.

Approaches to reduce errors may involve technical, cogni-
tive, and systems-oriented strategies tailored to specific
conditions or settings.

A framework that organizations might use to classify inter-
vention strategies aimed at reducing diagnostic errors in-
cludes technique, personnel, education, structured process,
technology-based systems, and review methods.

Limited evidence from randomized, controlled trials shows
that some interventions, such as text messaging—a
technology-based systems strategy—can reduce diagnostic
errors in certain situations.

Very few studies of interventions to reduce diagnostic
errors have examined clinical outcomes (for example,
morbidity, mortality) or evaluated the utility of engaging
patients and families in prevention of diagnostic errors.
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pretation, follow-up and tracking, referral-related issues,
and patient-related issues. Their high-quality review (score
of 9 out of 9 relevant AMSTAR criteria) identified only 6
evaluations of interventions that met eligibility criteria for
our review. Three of the 6 reported diagnostic outcomes,
such as incidence of delayed diagnosis of injury, incidence
of missed injuries, or misdiagnosis rates. None provided
information on patients’ downstream clinical course.

Graber and colleagues (16) summarized 141 articles
on improving cognition and human factors affecting diag-
nosis. Their high-quality review (score of 9 out of 9 rele-
vant AMSTAR criteria) included 42 evaluations of inter-
ventions. These investigators classified interventions in 3
dimensions. For interventions to increase knowledge and
expertise, only 1 (19) of 7 studies provided information on
diagnostic outcomes and clinical course for actual patients.
For interventions to improve intuitive and deliberate con-
siderations, none of the 5 identified studies reported effects
on documented diagnoses with actual patients during
clinical course of care. In the largest group of studies—
interventions on getting help from colleagues, consultants,
and tools—16 of the 28 identified studies evaluated diag-
nostic outcomes in actual patients (20–35).

Graber and colleagues noted the current scarcity of
evidence for any single intervention targeting cognitive and
human factors in reducing diagnostic error. They high-
lighted potential for interventions that target content-
focused training, feedback on performance, simulation-
based training, metacognitive training, second opinion or
group decision making, and the use of decision support
tools and computer-aided technologies.

Studies of PSS Evaluations

We identified 109 studies, including 14 randomized
trials, of interventions that targeted diagnostic errors and
addressed patient-related outcomes (see Tables 1 to 4 of
the Supplement). Of the 6 categories of interventions,
most studies pertained to interventions in the categories of
technology-based systems and additional review methods
(Figure 1). Figure 2 shows increases over time in available
evidence related to the categories of additional review
methods, structured process changes, technique, and
technology-based systems interventions.

Patient-related outcomes and their proxies can be cat-
egorized as diagnostic accuracy outcomes (for example,
false-positive and false-negative results), management out-
comes (for example, use of further diagnostic tests or ther-
apeutic interventions), and direct patient outcomes (for
example, death, disease progression, or deterioration). An
intervention that leads to better diagnosis does not auto-
matically change management or improve patient out-
comes. Management change depends on treatment options
and the feasibility of implementing those options. Im-
provements in direct patient outcomes depend also on ef-
fectiveness of treatment or management. Outcomes that

were assessed in the 109 studies varied markedly, but few
studies (5 randomized, controlled trials and 8 other de-
signs) evaluated direct patient-level clinical outcomes (6,
31, 36–46).

Results of Randomized, Controlled Trials

Primary and secondary outcomes that were assessed in
the 14 randomized trials are summarized in Table 2 of the
Supplement. Eight trials (9 comparisons) addressed diag-
nostic accuracy outcomes, and 3 trials (5 comparisons) ad-
dressed outcomes related to further diagnostic test use. Six
trials (8 comparisons) addressed outcomes related to fur-
ther therapeutic management. Five trials (7 comparisons)
addressed direct patient-related outcomes. Three trials ad-
dressed composite outcomes (diagnostic accuracy and ther-
apeutic management, and therapeutic management and
patient outcome). One trial addressed time to correct ther-
apeutic management, and another trial addressed time to
diagnosis.

Trials evaluated various interventions. The control
group used most often was usual care. No trials had high
risk of bias, whereas 9 and 5 trials had moderate and low
risk of bias, respectively.

Statistically significant improvements were seen for at
least 1 outcome in all but 3 trials. Of the 3 trials with
non–statistically significant improvements, 1 was a nonin-
feriority trial that showed no more diagnostic errors oc-
curred during work-up of abdominal pain among patients
given morphine and those not given morphine (47). Two
trials that involved patients with mental conditions (46,
48) reported no beneficial diagnostic error effects from
computerized decision-support systems. Only 1 trial (42)
reported improvements in direct patient outcomes;
whether improvements were related to the comparison

Table. Categories of Organizational Interventions to
Decrease Diagnostic Errors

Category Example

Technique Changes in equipment, procedures, and clinical
approaches that target diagnostic
performance in clinical practice

Personnel changes Introduction of additional health care members
and replacing certain professionals with
others

Educational
interventions

Implementation of educational strategies,
residency training curricula, and maintenance
of certification changes

Structured process
changes

Implementation of feedback loops or additional
stages in the diagnostic pathway

Technology-based
system interventions

Implementation at the system level of
technology-based tools, such as computer
assistive diagnostic aids, decision-support
algorithms, text message alerting, and pager
alerts

Additional review
methods

Introduction of additional independent reviews
of test results, from reporting through
interpretation
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against the randomized concurrent control group or a pre-
intervention period was unclear.

Technique

There were 23 studies of interventions related to med-
ical techniques (39, 47, 49–69). Most of these studies,
including 3 randomized trials (47, 49, 55), found that
these interventions can enhance diagnosis (for example,
visual enhancements via ultrasonography-guided biopsy,
changes to number of biopsy cores, and cap-fitted colono-
scopy) or not make it worse (for example, medical inter-
ventions for pain relief in patients with abdominal pain).

Personnel Changes

Six studies (44, 45, 70–73) compared the effect on
diagnosis of substituting 1 type of professional for another,

or adding another professional to the care team. The 3
studies (71–73) in which a specialist was added to examine
the interpretation of a test result reported an increase in
case detection, although the studies were quite small and
targeted narrow patient populations. There was only 1 ran-
domized trial, showing that emergency nurse practitioners
perform better than junior physicians (45).

Educational Interventions

Eleven studies (19, 43, 74–82) used educational in-
terventions for various targets: patients, parents, commu-
nity doctors, and intensive care unit doctors and nurses.
Strategies targeted at professionals produced improve-
ments, but the studies were nonrandomized. Two random-
ized trials that targeted consumers found that parent edu-
cation improved discrimination of serious symptoms
necessitating physician diagnosis and patient education im-
proved the performance of breast cancer screening (74,
78).

Structured Process Changes

Twenty-seven studies (43, 44, 46, 48, 56–59, 73, 77,
79, 83–98) examined interventions that added structure to
the diagnostic process. Structure included, among other
things, triage protocols, feedback steps, and quality im-
provement processes. Most interventions included the ad-
dition of a tool, often a checklist or a form (for example, to
guide and standardize physical examination of a patient).
Some of the studies centered on laboratory processes,
whereas others occurred during clinical management, often
in situations related to trauma patients. Beneficial effects
on diagnosis-related outcomes were seen in most nonran-
domized studies, but of the 3 randomized trials, 2 did not
show benefit for improving diagnosis of mental illness (46,
48) and 1 had mixed results for a protocol for ordering
radiography in injured patients (84).

Figure 1. Interventions, by type.
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Technology-Based Systems Interventions

Thirty-two studies (6, 29–36, 40–42, 44, 46, 60, 71,
78, 80, 97, 99–111) included computerized decision sup-
port systems and alerting systems (for example, for abnor-
mal laboratory results), most of which were associated with
improvements to processes on the diagnostic pathway (for
example, relaying a critical laboratory value to the clinician
in a more timely manner). Some interventions related to
specific symptoms (for example, a computer-aided diagnos-
tic tool for abdominal pain interpretation), whereas others
intervened at the level of a particular test (for example, an
electronic medical record alert for a positive result on a
fecal occult blood screen for cancer). All 4 randomized
trials (31, 36, 42, 100) reported beneficial diagnostic error
effects (see Table 2 of the Supplement).

Additional Review Methods

The most common type of intervention that was eval-
uated was the introduction of redundancy in interpreting
test results (6, 20–28, 34, 37–39, 72, 73, 76, 78, 79, 81,
95, 96, 109, 112–126). Most studies showed that an ad-
ditional review step (usually by a separate reader, from the
same specialty or from another specialty) had a positive
effect on diagnostic performance. However, in some cases,
false-positive results also increased. Tradeoffs between sen-
sitivity and specificity were reported erratically. Some stud-
ies targeted higher-risk patients for enriched review. How-
ever, the systems to support such targeting were neither
described nor evaluated. Randomized evidence was weak,
based on 1 group of 1 trial showing statistically significant
benefit (no effect size reported) for an audit and feedback
approach (78).

Studies With Interventions That Corresponded to Multiple
Categories

Twenty-four studies (6, 34, 39, 43, 44, 46, 56–60,
71–73, 76–80, 95–97, 109, 127) combined approaches in
a variety of ways and covered diverse clinical areas, with
mixed results. These studies are also included in the cate-
gories covered above. Twenty of the 24 studies combined 2
categories of intervention in almost every permutation pos-
sible (11 of 15 combinations). With only 1 to 4 studies for
any combination set, it is not possible to draw conclusions
about whether benefits are enhanced with more complex
interventions. Moreover, complex approaches may be more
costly, but this information was not reported.

Notifying Patients of Test Results

Another potential grouping of PSSs focuses on the
interface between the system and the patient, such as strat-
egies that involve patient notification of test results (128).
No studies with comparative designs evaluated this inter-
vention. The review by Singh and colleagues (15) identi-
fied 7 studies of patient preferences or satisfaction with
different options for receipt of test results. They also found

no studies that tested ways to reduce error using an inter-
vention that affected test notification.

Casalino and colleagues (129) found a 7.1% rate of
apparent failures to inform patients of an abnormal test
result and identified a positive association between use of
simple processes by physician practices for managing re-
sults and lower failure rates. A systematic review that ex-
amined failures to follow up test results with ambulatory
care patients reported that failed follow-up ranged from
1.0% to 62.0%, depending on the type of test result, in-
cluding failures associated with missed cancer diagnoses
(130). None of the studies included in that systematic re-
view evaluated patient-oriented interventions.

Harms
No studies in our review evaluated direct patient

harm. Studies generally did not assess unintended adverse
effects, although some reported false-positive rates.

IMPLEMENTATION CONSIDERATIONS AND COSTS

The context in which a safety strategy is implemented
depends on the specific type of diagnostic error and prac-
tice being examined. The studies that we reviewed covered
a range of subspecialties, settings, patient populations, and
interventions. Context varied greatly. Most interventions
were not tested in more than 1 site. Many studies were
small, early proof-of-concept evaluations. No information
was reported on the cost of implementing the reviewed
PSSs; costs would probably vary greatly, depending on the
particular strategy or practice.

DISCUSSION

This review identified over 100 evaluations of inter-
ventions to reduce diagnostic errors, many of which had a
reported positive effect on at least 1 end point, including
statistically significant improvements in at least 1 end point
in 11 of the 14 randomized trials. Mortality and morbidity
end points were seldom reported.

We also identified 2 previous systematic reviews of
cognitive and systems-oriented approaches to improve di-
agnostic accuracy that mostly found proof-of-concept strat-
egies not yet tested in practice. Our review built on the
previous systematic reviews by grouping PSSs targeting di-
agnostic errors from an organizational perspective into
changes that an organization might consider more generi-
cally (techniques investment; personnel configurations; ad-
ditional review steps for higher reliability; structured pro-
cesses; education of professionals, patients, families; and
information and communications technology–based en-
hancements), as opposed to individual clinicians looking
for ways to improve their own cognitive processing in spe-
cific diagnostic contexts. Although many of the PSSs tested
thus far target diagnostic pathways for specific symptoms
or conditions, grouping interventions into common lever-
age points will support future development in this field by
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the various stakeholders who seek to reduce diagnostic
problems. Involvement of patients and families has re-
ceived minimal attention, with only 2 studies addressing
education of consumers.

Data synthesis is difficult because few studies have
used randomized designs, comparable outcomes, or similar
interventions packages. The existing literature may be sus-
ceptible to reporting biases favoring “positive” results for
different interventions. It is expected that with heightened
awareness of the problem, the number of studies in this
field will increase further in the future, including more
randomized trials and studies testing different approaches:
for example, policy-level efforts. However, the range of
outcomes assessed in the studies that we reviewed high-
lights the known lack of tools to routinely measure the
effect of interventions to decrease diagnostic errors. Addi-
tional work is needed on appropriate measurements of di-
agnostic errors and consequential delays in diagnosis. A
final limitation, especially for synthesis, is the diversity of
interventions that are reverse-engineered on the basis of
the many diagnostic targets; the diverse tailored needs for
each clinical situation (for example, protocols designed for
specific work-up pathways); and the variety of specialized
personnel, and even patients, receiving educational or
cognitive-support approaches.

Evidence is also lacking on the costs of interventions
and implementation, particularly how to reduce diagnostic
errors without producing other diagnostic problems, such
as overuse of tests. Eventually reaching the correct diagno-
sis with inefficient testing strategies (for example, some
sequences of multiple test ordering) is not the appropriate
pathway to improved diagnostic safety. Our review found a
paucity of studies that assessed both sensitivity and speci-
ficity of interventions addressing diagnostic performance in
the context of mitigating diagnostic errors. Thus, although
we found several promising interventions, evaluations need
to be strengthened before any specific PSSs are scaled up in
this domain.

In conclusion, our review demonstrates that the nas-
cent field of diagnostic error research is growing, with new
interventions being tested that involve technical, cognitive,
and systems-oriented strategies. The framework of inter-
vention types developed in the review provides a basis for
categorizing and designing new studies, especially random-
ized, controlled trials, in these areas.
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56. Brössner C, Madersbacher S, Bayer G, Pycha A, Klingler HC, Maier U.
Comparative study of two different TRUS-guided sextant biopsy techniques in

SupplementPatient Safety Strategies Targeted at Diagnostic Errors

www.annals.org 5 March 2013 Annals of Internal Medicine Volume 158 • Number 5 (Part 2) 387

Downloaded From: http://annals.org/ on 03/23/2013



detecting prostate cancer in one biopsy session. Eur Urol. 2000;37:65-71.
[PMID: 10671788]
57. Naughton CK, Miller DC, Mager DE, Ornstein DK, Catalona WJ. A
prospective randomized trial comparing 6 versus 12 prostate biopsy cores: impact
on cancer detection. J Urol. 2000;164:388-92. [PMID: 10893592]
58. Presti JC Jr, Chang JJ, Bhargava V, Shinohara K. The optimal systematic
prostate biopsy scheme should include 8 rather than 6 biopsies: results of a
prospective clinical trial. J Urol. 2000;163:163-6. [PMID: 10604337]
59. Ravery V, Goldblatt L, Royer B, Blanc E, Toublanc M, Boccon-Gibod L.
Extensive biopsy protocol improves the detection rate of prostate cancer. J Urol.
2000;164:393-6. [PMID: 10893593]
60. 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. 2000;17:180-4.
[PMID: 10819379]
61. Johnson AJ, Zywiel MG, Stroh A, Marker DR, Mont MA. Serological
markers can lead to false negative diagnoses of periprosthetic infections following
total knee arthroplasty. Int Orthop. 2011;35:1621-6. [PMID: 21181540]
62. Larson EM, O’Donnell M, Chamblee S, Horsburgh CR Jr, Marsh BJ,
Moreland JD, et al. Dual skin tests with Mycobacterium avium sensitin and PPD
to detect misdiagnosis of latent tuberculosis infection. Int J Tuberc Lung Dis.
2011;15:1504-9, i. [PMID: 22008764]
63. Maclean JE, Solomon M, Corey M, Selvadurai H. Cystic fibrosis newborn
screening does not delay the identification of cystic fibrosis in children with
negative results. J Cyst Fibros. 2011;10:333-7. [PMID: 21536503]
64. Bachur RG, Hennelly K, Callahan MJ, Chen C, Monuteaux MC. Diag-
nostic imaging and negative appendectomy rates in children: effects of age and
gender. Pediatrics. 2012;129:877-84. [PMID: 22508920]
65. Zheng Y, Hawkins L, Wolff J, Goloubeva O, Goldberg E. Detection of
lesions during capsule endoscopy: physician performance is disappointing.
Am J Gastroenterol. 2012;107:554-60. [PMID: 22233695]
66. Garcia EA, Lopez JR, Meier JL, Swislocki AL, Siegel D. Resistant hyper-
tension and undiagnosed primary hyperaldosteronism detected by use of a com-
puterized database. J Clin Hypertens (Greenwich). 2011;13:487-91. [PMID:
21762361]
67. Piliouras P, Allison S, Rosendahl C, Buettner PG, Weedon D. Dermoscopy
improves diagnosis of tinea nigra: a study of 50 cases. Australas J Dermatol.
2011;52:191-4. [PMID: 21834814]
68. Leufkens AM, DeMarco DC, Rastogi A, Akerman PA, Azzouzi K, Roth-
stein RI, et al; Third Eye Retroscope Randomized Clinical Evaluation
[TERRACE] Study Group. Effect of a retrograde-viewing device on adenoma
detection rate during colonoscopy: the TERRACE study. Gastrointest Endosc.
2011;73:480-9. [PMID: 21067735]
69. Kline JA, Hogg MM, Courtney DM, Miller CD, Jones AE, Smithline HA.
D-dimer threshold increase with pretest probability unlikely for pulmonary em-
bolism to decrease unnecessary computerized tomographic pulmonary angiogra-
phy. J Thromb Haemost. 2012;10:572-81. [PMID: 22284935]
70. de Lacey G, Barker A, Harper J, Wignall B. An assessment of the clinical
effects of reporting accident and emergency radiographs. Br J Radiol. 1980;53:
304-9. [PMID: 7378697]
71. Jacobs MJ, Edmondson MJ, Lowry JC. Accuracy of diagnosis of fractures by
maxillofacial and accident and emergency doctors using plain radiography com-
pared with a telemedicine system: a prospective study. Br J Oral Maxillofac Surg.
2002;40:156-62. [PMID: 12180212]
72. Trotter MJ, Bruecks AK. Interpretation of skin biopsies by general patholo-
gists: diagnostic discrepancy rate measured by blinded review. Arch Pathol Lab
Med. 2003;127:1489-92. [PMID: 14567717]
73. Tsai JJ, Yeun JY, Kumar VA, Don BR. Comparison and interpretation of
urinalysis performed by a nephrologist versus a hospital-based clinical laboratory.
Am J Kidney Dis. 2005;46:820-9. [PMID: 16253721]
74. McCarthy PL, Sznajderman SD, Lustman-Findling K, Baron MA, Fink
HD, Czarkowski N, et al. Mothers’ clinical judgment: a randomized trial of the
Acute Illness Observation Scales. J Pediatr. 1990;116:200-6. [PMID: 2405140]
75. Thaler T, Tempelmann V, Maggiorini M, Rudiger A. The frequency of
electrocardiographic errors due to electrode cable switches: a before and after
study. J Electrocardiol. 2010;43:676-81. [PMID: 20591441]
76. Seltzer SE, Hessel SJ, Herman PG, Swensson RG, Sheriff CR. Resident
film interpretations and staff review. AJR Am J Roentgenol. 1981;137:129-33.
[PMID: 6787863]

77. Gleadhill DN, Thomson JY, Simms P. Can more efficient use be made of
x ray examinations in the accident and emergency department? Br Med J (Clin
Res Ed). 1987;294:943-7. [PMID: 3107669]
78. McPhee SJ, Bird JA, Jenkins CN, Fordham D. Promoting cancer screening.
A randomized, controlled trial of three interventions. Arch Intern Med. 1989;
149:1866-72. [PMID: 2764657]
79. Kundel HL, Nodine CF, Krupinski EA. Computer-displayed eye position as
a visual aid to pulmonary nodule interpretation. Invest Radiol. 1990;25:890-6.
[PMID: 2394571]
80. Linver MN, Paster SB, Rosenberg RD, Key CR, Stidley CA, King WV.
Improvement in mammography interpretation skills in a community radiology
practice after dedicated teaching courses: 2-year medical audit of 38,633 cases.
Radiology. 1992;184:39-43. [PMID: 1609100]
81. Thomas HG, Mason AC, Smith RM, Fergusson CM. Value of radiograph
audit in an accident service department. Injury. 1992;23:47-50. [PMID:
1541500]
82. Itri JN, Kang HC, Krishnan S, Nathan D, Scanlon MH. Using focused
missed-case conferences to reduce discrepancies in musculoskeletal studies inter-
preted by residents on call. AJR Am J Roentgenol. 2011;197:W696-705.
[PMID: 21940542]
83. Enderson BL, Reath DB, Meadors J, Dallas W, DeBoo JM, Maull KI. The
tertiary trauma survey: a prospective study of missed injury. J Trauma. 1990;30:
666-9. [PMID: 2352294]
84. Klassen TP, Ropp LJ, Sutcliffe T, Blouin R, Dulberg C, Raman S, et al. A
randomized, controlled trial of radiograph ordering for extremity trauma in a
pediatric emergency department. Ann Emerg Med. 1993;22:1524-9. [PMID:
8214829]
85. Biffl WL, Harrington DT, Cioffi WG. Implementation of a tertiary trauma
survey decreases missed injuries. J Trauma. 2003;54:38-43. [PMID: 12544897]
86. Soundappan SV, Holland AJ, Cass DT. Role of an extended tertiary survey
in detecting missed injuries in children. J Trauma. 2004;57:114-8. [PMID:
15284560]
87. 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. 2005;21:367-71. [PMID: 15942513]
88. Ursprung R, Gray JE, Edwards WH, Horbar JD, Nickerson J, Plsek P,
et al. Real time patient safety audits: improving safety every day. Qual Saf Health
Care. 2005;14:284-9. [PMID: 16076794]
89. Raab SS, Andrew-Jaja C, Condel JL, Dabbs DJ. Improving Papanicolaou
test quality and reducing medical errors by using Toyota production system
methods. Am J Obstet Gynecol. 2006;194:57-64. [PMID: 16389010]
90. Raab SS, Grzybicki DM, Sudilovsky D, Balassanian R, Janosky JE, Vrbin
CM. Effectiveness of Toyota process redesign in reducing thyroid gland fine-
needle aspiration error. Am J Clin Pathol. 2006;126:585-92. [PMID: 16938657]
91. Raab SS, Tworek JA, Souers R, Zarbo RJ. The value of monitoring frozen
section-permanent section correlation data over time. Arch Pathol Lab Med.
2006;130:337-42. [PMID: 16519561]
92. Raab SS, Jones BA, Souers R, Tworek JA. The effect of continuous moni-
toring of cytologic-histologic correlation data on cervical cancer screening perfor-
mance. Arch Pathol Lab Med. 2008;132:16-22. [PMID: 18181668]
93. Mueller CA, Klaassen-Mielke R, Penner E, Junius-Walker U, Hummers-
Pradier E, Theile G. Disclosure of new health problems and intervention plan-
ning using a geriatric assessment in a primary care setting. Croat Med J. 2010;
51:493-500. [PMID: 21162161]
94. de Vries EN, Eikens-Jansen MP, Hamersma AM, Smorenburg SM,
Gouma DJ, Boermeester MA. Prevention of surgical malpractice claims by use of
a surgical safety checklist. Ann Surg. 2011;253:624-8. [PMID: 21209590]
95. Ross PD, Huang C, Karpf D, Lydick E, Coel M, Hirsch L, et al. Blinded
reading of radiographs increases the frequency of errors in vertebral fracture de-
tection. J Bone Miner Res. 1996;11:1793-800. [PMID: 8915788]
96. Goodyear N, Ulness BK, Prentice JL, Cookson BT, Limaye AP. Systematic
assessment of culture review as a tool to assess errors in the clinical microbiology
laboratory. Arch Pathol Lab Med. 2008;132:1792-5. [PMID: 18976017]
97. Lewis G, Sharp D, Bartholomew J, Pelosi AJ. Computerized assessment of
common mental disorders in primary care: effect on clinical outcome. Fam Pract.
1996;13:120-6. [PMID: 8732321]
98. Meier FA, Varney RC, Zarbo RJ. Study of amended reports to evaluate and
improve surgical pathology processes. Adv Anat Pathol. 2011;18:406-13.
[PMID: 21841408]

Supplement Patient Safety Strategies Targeted at Diagnostic Errors

388 5 March 2013 Annals of Internal Medicine Volume 158 • Number 5 (Part 2) www.annals.org

Downloaded From: http://annals.org/ on 03/23/2013



99. Wexler JR, Swender PT, Tunnessen WW Jr, Oski FA. Impact of a system
of computer-assisted diagnosis. Initial evaluation of the hospitalized patient.
Am J Dis Child. 1975;129:203-5. [PMID: 1091140]
100. Wellwood J, Johannessen S, Spiegelhalter DJ. How does computer-aided
diagnosis improve the management of acute abdominal pain? Ann R Coll Surg
Engl. 1992;74:40-6. [PMID: 1736794]
101. 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. 2002;9:217-22. [PMID: 11971882]
102. Gur D, Sumkin JH, Rockette HE, Ganott M, Hakim C, Hardesty L, et al.
Changes in breast cancer detection and mammography recall rates after the in-
troduction of a computer-aided detection system. J Natl Cancer Inst. 2004;96:
185-90. [PMID: 14759985]
103. Cupples TE, Cunningham JE, Reynolds JC. Impact of computer-aided
detection in a regional screening mammography program. AJR Am J Roentgenol.
2005;185:944-50. [PMID: 16177413]
104. Fenton JJ, Taplin SH, Carney PA, Abraham L, Sickles EA, D’Orsi C,
et al. Influence of computer-aided detection on performance of screening mam-
mography. N Engl J Med. 2007;356:1399-409. [PMID: 17409321]
105. Park HI, Min WK, Lee W, Park H, Park CJ, Chi HS, et al. Evaluating the
short message service alerting system for critical value notification via PDA tele-
phones. Ann Clin Lab Sci. 2008;38:149-56. [PMID: 18469361]
106. 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. 2009;131:432-41. [PMID: 19228648]
107. 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. [PMID: 20003236]
108. David CV, Chira S, Eells SJ, Ladrigan M, Papier A, Miller LG, et al.
Diagnostic accuracy in patients admitted to hospitals with cellulitis. Dermatol
Online J. 2011;17:1. [PMID: 21426867]
109. Jiang Y, Nishikawa RM, Schmidt RA, Toledano AY, Doi K. Potential of
computer-aided diagnosis to reduce variability in radiologists’ interpretations of
mammograms depicting microcalcifications. Radiology. 2001;220:787-94.
[PMID: 11526283]
110. Leaper DJ, Horrocks JC, Staniland JR, De Dombal FT. Computer-
assisted diagnosis of abdominal pain using “estimates” provided by clinicians.
Br Med J. 1972;4:350-4. [PMID: 4629240]
111. Nishikawa RM, Schmidt RA, Linver MN, Edwards AV, Papaioannou J,
Stull MA. Clinically missed cancer: how effectively can radiologists use computer-
aided detection? AJR Am J Roentgenol. 2012;198:708-16. [PMID: 22358014]
112. Ciatto S, Del Turco MR, Morrone D, Catarzi S, Ambrogetti D, Cariddi
A, et al. Independent double reading of screening mammograms. J Med Screen.
1995;2:99-101. [PMID: 7497164]
113. Howard J, Sundararajan R, Thomas SG, Walsh M, Sundararajan M.
Reducing missed injuries at a level II trauma center. J Trauma Nurs. 2006;13:
89-95. [PMID: 17052086]
114. Singh P, Warnakulasuriya S. The two-week wait cancer initiative on oral
cancer; the predictive value of urgent referrals to an oral medicine unit. Br Dent
J. 2006;201:717-20. [PMID: 17159958]

115. Bruner JM, Inouye L, Fuller GN, Langford LA. Diagnostic discrepancies
and their clinical impact in a neuropathology referral practice. Cancer. 1997;79:
796-803. [PMID: 9024718]
116. Carew-McColl M. Radiological interpretation in an accident and emer-
gency department. Br J Clin Pract. 1983;37:375-7. [PMID: 6671078]
117. Galasko CS, Monahan PR. Value of re-examining x-ray films of outpatients
attending accident services. Br Med J. 1971;1:643-4. [PMID: 5548841]
118. Lind AC, Bewtra C, Healy JC, Sims KL. Prospective peer review in surgical
pathology. Am J Clin Pathol. 1995;104:560-6. [PMID: 7572817]
119. Lufkin KC, Smith SW, Matticks CA, Brunette DD. Radiologists’ review of
radiographs interpreted confidently by emergency physicians infrequently leads to
changes in patient management. Ann Emerg Med. 1998;31:202-7. [PMID:
9472181]
120. Murphy R, Slater A, Uberoi R, Bungay H, Ferrett C. Reduction of per-
ception error by double reporting of minimal preparation CT colon. Br J Radiol.
2010;83:331-5. [PMID: 19651707]
121. Parameswaran L, Prihoda TJ, Sharkey FE. Diagnostic efficacy of additional
step-sections in colorectal biopsies originally diagnosed as normal. Hum Pathol.
2008;39:579-83. [PMID: 18289637]
122. Robson N, van Benthem PP, Gan R, Dixon AK. Casualty X-ray reporting:
a student survey. Clin Radiol. 1985;36:479-81. [PMID: 4075715]
123. Thiesse P, Ollivier L, Di Stefano-Louineau D, Négrier S, Savary J, Pig-
nard K, et al. Response rate accuracy in oncology trials: reasons for interobserver
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