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Introduction
Diagnostic errors often involve problems in data gathering and synthesis, including in the use of diagnostic 
testing.1,2 In several comprehensive analyses of diagnostic errors, problems with the testing process 
(including test selection and ordering, specimen collection, interpretation, and followup) are among the most 
prominent contributing factors.1,3-5 

In contrast to clinical reasoning errors (e.g., failure to consider alternative hypotheses),1-4,6,7 testing process 
issues are relatively more amenable to interventions. Such interventions can be supported by bringing the 
clinical laboratory into a broader strategy to advance accurate and timely diagnoses and reduce diagnostic 
errors.8 A variety of actionable approaches are available to ensure that diagnostic tests are used appropriately, 
described collectively as diagnostic stewardship.9,10 

Diagnostic stewardship refers to “ordering the right tests for the right patient at the right time to provide 
information necessary to optimize clinical care.”11 However, the concept of diagnostic stewardship extends 
beyond test selection and ordering and also includes, for instance, reporting results in ways that maximize 
the usefulness of tests and guide best clinical actions.10,12,13 

Applying diagnostic stewardship beyond infectious disease testing is a recent advance that focuses on 
applying a multidisciplinary, data-driven approach to the broader scope of diagnostic testing to optimize 
clinical care for patients.9,10,14 Partnerships between clinicians and clinical laboratory professionals are 
essential to the success of diagnostic stewardship initiatives.8,15 

This issue brief is a call to action for healthcare organization leaders and policymakers to bridge clinical 
laboratory expertise and routine clinical decision making through diagnostic stewardship. We review 
existing models and strategies to implement diagnostic stewardship practices and identify how these 
practices can enhance diagnostic safety. We also discuss measuring implementation of diagnostic 
stewardship and policy implications.

Background
The increasing number and complexity of diagnostic tests available to clinicians, including molecular 
genetic testing and next generation sequencing, promises greater precision and personalization in medical 
decision making. However, this complexity comes at the cost of increasing types of pitfalls in test selection, 
performance, and interpretation.11,16-19 In many healthcare organizations, a disconnect occurs between clinical 
decision making at the bedside and the expertise and knowledge resources available to guide appropriate use 
of diagnostic testing.20 

A survey of 1,768 U.S. primary care physicians found that uncertainty about test ordering and interpretation 
is common. While 53 percent of respondents indicated that asking a lab professional would be “very” or 
“extremely” helpful to overcoming uncertainty, only 6 percent indicated that they did so at least once a 
week. Similarly, 75 percent of respondents rated a “curbside consult” as helpful, but only 11 percent used it 
frequently.21

Ensuring that clinicians are optimally equipped to use tests to inform diagnoses, prognoses, and therapy 
decisions is consistent with the definition of stewardship: “the careful and responsible management of 
something entrusted to one’s care.”22 Diagnostic stewardship comprises a variety of interventions to optimize 
use of testing directly or indirectly through collaborations between clinicians and diagnostic testing experts. 
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Although for the purpose of this brief we focus on improving diagnosis by optimizing clinical laboratory 
and anatomic pathology diagnostic services, stewardship can be applied to other types of diagnostic testing. 
Concurrent initiatives in imaging stewardship, for instance, aim to increase appropriate use of imaging and 
reduce low-value testing.23-25

Diagnostic Error in the Testing Process
Diagnostic errors include missed, delayed, and wrong diagnosis, as well as failure to communicate the 
diagnosis effectively to the patient and family members.20 Interventions to improve diagnostic testing should 
target breakdowns in the testing process that lead to diagnostic error. 

The total testing process (Figure 1) is a model that can help identify and classify failure points in the process 
of test ordering, collection, processing, and reporting.15 
Figure 1. The total testing process

Source: Lubin IM, Astles JR, Bunn JD, et al. The clinical laboratory is an integral component to  
health care delivery: an expanded representation of the total testing process. Am J Clin Pathol.  
2023 Aug 1;160(2):124-129. https://doi.org/10.1093/ajcp/aqad038.

https://doi.org/10.1093/ajcp/aqad038
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While the model outlines a complex process with multiple structural and systemic components, a simpler 
way to conceptualize diagnostic errors in the testing process is to classify them as preanalytic, analytic, or 
postanalytic10,11:

 ■ Preanalytic errors refer to problems with test selection, ordering, and specimen collection.10 Often, such 
errors reflect ordering diagnostic tests in the setting of low pretest probability of a disease, increasing 
the likelihood of a false positive or overdiagnosis. A well-known example is ordering urine cultures in 
patients without urinary tract symptoms, which can increase the risk of wrong (false positive) diagnosis 
of urinary tract infections and lead to inappropriate use of antibiotics.26 

 Underuse of diagnostic tests is also frequently implicated in diagnostic error27,28 but is less often 
discussed in the context of diagnostic stewardship. Preanalytic errors may also result from specimen 
mishandling; for instance, contamination of specimens at the time of collection can result in wrong 
diagnosis and unnecessary treatment.10,29,30 Blood cultures are an area of special concern given 
high rates of use and high rates of specimen collection errors, including inadequate specimens and 
contamination.30 

 ■ Analytic errors refer to problems performing a clinical laboratory test (usually in the laboratory setting 
but also applicable to point-of-care testing). These errors can occur through inappropriate or inadequate 
quality control procedures, atypical characteristics of the test specimen, and presence of substances 
that interfere with analysis.31,32 Interpretive errors can lead to misdiagnosis; for example, in a study of 
second-opinion pathology reviews, 6 percent of cases had major discrepancies with potential to affect 
patient care.33

 ■ Postanalytic errors include problems with interpretation, reporting (e.g., ambiguity about diagnosis or 
necessary next steps in the workup), and use of test results to inform diagnoses. While the failure to 
correctly interpret a diagnostic test result may reflect knowledge gaps or cognitive error, the problem of 
postanalytic errors could be structure or process related. 

 For instance, the optimal use of next-generation sequencing in the neonatal critical care setting depends 
on the availability of a multidisciplinary team to assist with interpretation, relay critical information 
to clinicians to inform time-sensitive diagnosis, and communicate findings to the patient’s family.34 
If access to the appropriate expertise to interpret these complex tests is limited, the correct diagnosis 
could be delayed or missed.

Diagnostic Stewardship Interventions To Reduce 
Diagnostic Error
Diagnostic stewardship refers to a range of actions to promote optimal use of diagnostic tests, improve the 
speed and accuracy of diagnosis, and reduce the occurrence of misdiagnosis due to false positive or false 
negative findings. The benefits of diagnostic stewardship include improved efficiency and more appropriate 
use of healthcare resources. Here, however, we focus on how diagnostic stewardship reduces the risk of 
diagnostic errors and patient harm. 

Preanalytic interventions
Most diagnostic stewardship interventions have focused on the preanalytic phase of the testing process 
by supporting appropriate selection and ordering of diagnostic tests.10,35 On one end of the spectrum are 
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interventions such as clinician education, algorithms that include indications for test use, and modifications 
to health information technology (IT) systems. These modifications may include reminders, alerts, hard-
stops, and changes to default computerized order entry (CPOE) interfaces to encourage appropriate use of 
testing. 

For instance, an initiative at Massachusetts General Hospital, co-led by representatives from pathology 
and internal medicine services, aimed to encourage more “hypothesis-driven” use of testing and reduce 
use of unnecessary daily laboratory tests for inpatients. After the hospital implemented a combination of 
interventions, including emails to clinicians and modifications to the CPOE system and order sets, daily 
inpatient laboratory order volume decreased 60 percent, even as overall routine laboratory order volume 
remained stable.36 Although it is plausible that fewer unnecessary tests translated to reductions in false 
positive diagnoses, the authors of the study could not measure these outcomes. 

On the more labor-intensive end of the spectrum are interventions to encourage appropriate use of testing, 
such as real-time laboratory consultation on test selection (see “Diagnostic management teams” below) and 
mandatory review of certain orders by laboratory personnel before a test is performed. For instance, one 
study indicated that review of genetic test orders by genetic counselors in a national reference laboratory 
resulted in cost savings of $48,000 per month from cancellation of inappropriate tests.37

Increasing the use of appropriate diagnostic testing practices requires coordinated interventions to change 
clinician culture and ordering behavior to combat both over- and underuse. Failure to assess for and monitor 
chronic kidney disease (CKD), particularly in people with diabetes, is an example of underuse of testing 
that can result in delayed diagnosis and preventable disease progression.38 An Indian Health Service (IHS) 
initiative in 2003 to improve diabetes care included implementation of routine glomerular filtration rate 
reporting. An intervention in 2006 involved annual albumin-creatinine ratio reporting in patients with 
diabetes. 

These changes, combined with education and other components of the IHS’s population-based kidney care 
program, are believed to have contributed to the 54 percent reduction in the incidence of diabetes-related 
end-stage renal disease in the American Indian/Alaska Native population between 1996 and 2013.39 Similar 
initiatives in the Veterans Health Administration40 and managed care settings41 have aimed to standardize the 
use of laboratory tests for CKD screening and monitoring in high-risk patients.

Finally, improving specimen collection practices can further reduce false positive diagnoses and is an 
essential component of stewardship efforts where specimen contamination is a known problem. For blood 
cultures, several strategies have been shown to reduce contamination rates: education of clinical staff, 
reinforcement of appropriate collection techniques, and use of diversion devices that eliminate the first  
1-2 mL of a blood draw to remove skin fragments colonized by bacteria.42,43

Analytic interventions
Analytic interventions focus on laboratory actions and include internal quality control procedures (e.g., 
contamination prevention), as well as actions to promote diagnostic accuracy and efficiency. Reflex testing 
refers to further testing that is performed automatically (i.e., according to algorithm) when certain criteria are 
met. For example, reflex testing for biomarkers in some newly diagnosed cancers can further characterize 
a malignancy and expedite treatment selection compared with the traditional pathway of sequential testing 
mediated only through the treating oncologist.44-47 

Distinct from reflex testing, reflective testing is more commonly described in the United Kingdom and 
Europe. It refers to an expanded decision-making role of the laboratory professional, such that the decision 
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to perform further testing may be mediated by professional judgment rather than by a prespecified protocol 
or algorithm.48,49 

A randomized trial in the Netherlands compared reflective testing with a control condition. In reflective 
testing, laboratory professionals were allowed to add tests they believed were indicated to the tests general 
practitioners ordered. In the control condition, practitioners received only the test results they personally 
ordered. The subsequent management of patients was more likely to be rated by an independent record 
reviewer as “adequate” (versus neutral or not adequate) in the reflective testing condition.50 However, it 
is unclear to what extent observed improvements in management were attributable to improvements in 
diagnosis.

Postanalytic interventions
Interventions to improve the postanalytic testing phase aim to facilitate interpretation of test results and 
encourage appropriate followup actions. Postanalytic interventions often focus on modifying the text of 
test result reports. These modifications, which in many scenarios can be delivered through clinical decision 
support systems or templated language in laboratory reports, have been shown to significantly influence 
prescribing decisions, including de-escalation of unnecessary treatments. 

Examples from infectious disease testing include:

 ■ Using language that definitively rules out specific infections,51,52 

 ■ Normalizing colonization of organisms in the absence of symptoms (e.g., candiduria53), and 

 ■ Selectively reporting preferred antibiotic susceptibilities to encourage guideline-concordant 
prescribing.54 

Laboratory assistance in interpreting test orders can also be leveraged in scenarios where interpretation is 
more complex. In a study at a single facility, pathologist-generated interpretive narratives for coagulation 
test panels were reported to reduce time to diagnosis for nearly half of ordering physicians.55 

Problems with tracking, followup, and interpretation of completed test result reports contribute to diagnostic 
error. Diagnostic stewardship has addressed this issue in limited examples but not within the broad scope 
of diagnostic testing overall.56-59 For example, antimicrobial stewardship teams have been involved in 
interpreting and communicating test results for rapid microbiology testing from blood samples60 or serial 
C. difficile testing.61 These practices suggest the benefit of more thoughtful test reporting and interpretation 
using diagnostic stewardship. 

Effectiveness of diagnostic stewardship interventions
A meta-analysis by Rubinstein, et al., examined the strength of the evidence supporting seven specific 
practices, as well as “combined practices,” to promote appropriate (e.g., guideline-concordant, 
nonduplicative) use of diagnostic laboratory tests.35 The authors found evidence that two standalone 
interventions, modification of CPOE (e.g., limiting test availability in the user interface, alerting clinicians to 
redundant test orders) and reflex testing, each increased appropriate use of testing. 

Evidence was insufficient to make recommendations for or against other specific standalone interventions 
such as education, feedback, or test review. However, evidence supported “combined” practices, most of 
which included a clinician education and feedback component. Although these interventions increased 
appropriate test use, little evidence is available thus far to assess their impact on diagnostic errors.
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Diagnostic stewardship has largely been evaluated in relation to infections. Large quality improvement 
efforts focused on diagnostic stewardship have observed a 30-60 percent reduction in C. difficile 
bloodstream infections and catheter-associated urinary tract infections and associated antibiotic use with 
these practices.14,62-65 Diagnostic stewardship of rapid blood cultures improved time to appropriate antibiotic 
use.60 

Regardless of target, effective diagnostic stewardship interventions not only shape behavior but also educate 
clinicians on appropriate use of testing.14 The design of these interventions must also take into consideration 
the potential for unintended consequences such as increased clinician workload. Development should 
involve laboratory professionals, clinician end users, patients,66 and ideally, informatics and human factors 
experts as well.11 

A survey of 78 clinicians in 9 European countries suggested that diagnostic stewardship interventions were 
acceptable to most clinicians,67 although other data suggest that clinicians prefer interventions that preserve 
their autonomy.68,69 Designing diagnostic stewardship inteventions with the input of clinician end users has 
improved clinician satisfaction.70 Balancing the needs and goals of various stakeholders is critical to buy-in 
and successful implementation.

Diagnostic Stewardship in Action
Diagnostic stewardship is a collaborative effort that requires building and sustaining partnerships between 
laboratory professionals, clinical care teams, and other experts. Practices to optimize the use of diagnostic 
testing are often developed around specialty- or disease-specific needs. These models and practices may be 
worthwhile to replicate to improve the diagnostic process for other diseases or settings. Below we review 
several models of team-based multidisciplinary collaboration that exemplify diagnostic stewardship.

Diagnostic stewardship in antimicrobial stewardship programs
Antimicrobial stewardship programs aim to promote optimal treatment and reduce harms to individual 
patients and public health (e.g., antimicrobial resistance). Whereas antimicrobial stewardship programs focus 
on optimizing management (e.g., reducing inappropriate prescribing of antibiotics), diagnostic stewardship 
works “upstream” to guide appropriate use of testing and prevent false positives and overdiagnosis.19,71 

Laboratory professionals have important roles in both antimicrobial stewardship72 and diagnostic 
stewardship, but their contributions are central in the latter.71 Laboratory professionals are essential 
consultants in the design of diagnostic stewardship interventions, such as:

 ■ Policy changes related to test ordering (e.g., restrictions on repeat testing, specimen criteria).

 ■ Modification to test ordering through required indications for use, specific order sets, CPOE templates, 
and computerized decision support. 

 ■ Clinician education about test selection and interpretation.

 ■ Staff education on appropriate specimen collection procedures, monitoring, and feedback to staff when 
evidence indicates that the specimen has been collected inappropriately.

 ■ Review and periodic monitoring of “off-menu” test selection and inappropriate orders.
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Diagnostic management teams
A diagnostic management team (DMT) is a practice model to assist with diagnostic test selection and 
interpretation to expedite accurate and timely diagnoses. The DMT is a multidisciplinary effort, often led 
by the laboratory with collaboration of clinical specialists and, in some cases, others such as informatics 
professionals. 

DMTs typically focus on a specific area of medicine. For instance, Seegmiller, et al., described a DMT 
for hematologic malignancies that developed several ordering protocols for bone marrow testing. They 
also provided a service to recommend diagnostic testing based on these protocols, patient history, and 
preliminary examination of bone marrow specimens. Comparing the 6 months before and 12 months after 
implementation of this DMT, the authors found reduced costs attributable to inappropriate testing and an 
increase in the percentage of positive test results. In addition, surveys of oncologists indicated that the DMT 
was highly acceptable and perceived as helpful.73 

Another report describes a DMT for coagulation disorders. Its functions included clinician education, 
correction of erroneous test orders, and feedback with recommendations to ordering clinicians. Longitudinal 
observations suggested that this DMT’s services were also associated with reduced costs and fewer 
erroneous test orders over time.28

Pathology consultation in oncology
Although seldom described as “diagnostic stewardship,” the diagnostic process for cancer exemplifies the 
potential of collaboration between clinicians and diagnostic specialists (mainly pathologists) to optimize 
diagnostic testing. Intraoperative pathology consultation helps ensure the adequacy of biopsy specimens, 
confirm the diagnosis before a surgical procedure, and stage new malignancies. Pathologists also provide 
important diagnostic information as participants in multidisciplinary conferences, or tumor boards. 

The pathologist’s role in cancer care has expanded in the era of molecular testing and targeted therapies. 
Despite the essential contributions of pathologists in this setting, variable access to pathology expertise and 
suboptimal communication within multidisciplinary teams remain challenging in many systems. A workshop 
hosted by the National Cancer Policy Forum yielded several suggested solutions, including mechanisms to 
expand access to pathology, better integration of pathologists within the care team, and improved health IT 
systems.74

Multidisciplinary genetic testing teams
The costliness and complexity of genetic testing makes genetic diagnosis a strong candidate for stewardship 
interventions. Board-certified genetic counselors have specialized education and training in the field of 
medical genetics and are available to support patients in understanding and making informed decisions 
relevant to their diagnosis, testing, and treatment. In some cases, these professionals serve within clincal 
laboratories. Genetic counselors are well positioned to serve on the frontline of stewardship initiatives in 
clinical genetics, as they can review incoming requests for genetic testing and provide recommendations to 
modify orders when appropriate.75,76 

Several examples of closer integration of diagnostic expertise with clinicians may be helpful. Zentner, 
et al., describe the organization of a cardiac genetics clinic attended by cardiologists, clinical geneticists, 
and genetic counselors.77 A multidisciplinary approach helps ensure that genetic test results are interpreted 
appropriately and that patients are provided with adequate education and clinical recommendations for 
inherited heart conditions. 
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Another example of close integration is in teams that provide rapid genome sequencing for critically ill 
newborns with suspected genetic diseases.78 The complexity and time-sensitive nature of this testing require 
effective collaboration between geneticists and neonatal intensive care unit (NICU) clinicians and staff. 
Kingsmore and Cole have proposed a learning health systems model for implementing rapid whole genome 
sequencing in the NICU.34 

When genetic testing is used outside the context of a clinical genetics service, it is also important to have 
access to assistance with interpretation. For example, a liquid biopsy ordered in patients with solid tumors 
may reveal incidental germline mutations of clinical significance, in which case the laboratory can provide 
further guidance.79

Potential for diagnostic stewardship to impact blood utilization
Diagnostic stewardship principles are important to ensure appropriate blood use because complete blood 
counts may be misinterpreted, leading to unnecessary blood transfusions based on test results. While 
inappropriate transfusion may reflect mismanagement of a correctly diagnosed patient, such incidents could 
also result from a diagnostic error (e.g., due to misinterpretation of complete blood count in a given clinical 
scenario). 

Blood utilization teams can help promote appropriate test interpretation and, hence, safer and more 
appropriate use of blood transfusions.80-82 The goals of these multidisciplinary teams include reducing 
unnecessary resource use and limiting excess morbidity and mortality attributable to transfusions. To the 
extent that diagnostic error contributes to inappropriate use of transfusion, diagnostic stewardship can help 
advance the goals of blood utilization teams.

Evaluation of Diagnostic Stewardship Implementation
Approaches to evaluate the impact of diagnostic stewardship interventions have often focused on resource 
use and costs. However, what also needs to be determined is if diagnostic stewardship activities are leading 
to improved diagnosis, improved safety, or reduction of diagnostic error. We propose three approaches to 
that. 

First, structural measures could be used to assess whether interventions affect the capacity of systems 
and the commitments of organizational resources and personnel to enable implementation of diagnostic 
stewardship. Examples could be derived from the following resources:

 ■ The Safer Dx Checklist is a 10-item organizational self-assessment tool to assess practices that 
promote diagnostic safety.83 One item from the Safer Dx Checklist is particularly relevant to diagnostic 
stewardship: “Health care organization has in place standardized systems and processes to encourage 
direct, collaborative interactions between treating clinical teams and diagnostic specialties (e.g., 
laboratory, pathology, radiology) in cases that pose diagnostic challenges.”

 ■ The ONC SAFER guides are a set of risk assessment tools to evaluate the safety and safe use of health 
IT.84,85 Several items describe recommended practices to optimize the safety of CPOE, test result 
reporting and tracking in electronic health records, and electronic communication between clinicians.

 ■ Guidance is available and continues to evolve for diagnostic excellence programs in hospitals and other 
healthcare organizations.86,87 One specific program, Core Elements of Hospital Diagnostic Excellence, 
includes diagnostic stewardship as a key component and is expected to be released by the Centers for 
Disease Control and Prevention (CDC) and others in late 2024.88 
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Second, it is possible to measure change in processes from specific actions that diagnostic stewardship 
interventions promote. For example, changes in demand for laboratory consultation and changes in test 
ordering patterns are types of process changes that can help program leaders assess whether new policies 
and practices are being implemented as envisioned. Other examples include:

 ■ Frequency of consultations or calls placed to the laboratory for assistance with test selection or 
interpretation.

 ■ Frequency of orders for tests known to be widely overused or underused.

 ■ Frequency of test orders found to be inappropriate or erroneous upon review by the diagnostic 
stewardship team.

 ■ Contamination rates for diagnostic specimens.89

 ■ Internal laboratory quality measures, such as the percentage of tests followed by protocol-concordant 
reflex testing.

Third, outcomes could be reviewed to determine whether diagnostic stewardship interventions improved 
diagnostic safety outcomes and reduced the risk of diagnostic errors. However, it is difficult to infer changes 
in safety or adverse outcomes based on test use or even inappropriate use alone. An example of a safety-
related outcome is a change in diagnosis after review/intervention by a diagnostic stewardship team, which 
could imply a diagnostic error. 

Other potential diagnostic safety outcomes include diagnostic errors in which testing-related factors are 
found to contribute to error. Diagnostic errors can be identified by reviewing a sample of records from the 
target population (e.g., patients with coagulation disorders) within a specified time period, using a structured 
record review process to identify missed opportunities to make a correct or timely diagnosis.90 

In addition to evaluating changes in safety-related events, it is also important to assess the value, cost-
effectiveness, and sustainability of diagnostic stewardship activities and programs. Ideally, approaches to 
assess successful implementation and outcomes should include measures of harm or clinical impact. It is 
also important to assess whether the benefits and consequences of diagnostic stewardship extend equitably 
across populations. For example, research indicates racial91 and geographic disparities in blood culture 
contamination.92,93 Improving the testing process may also facilitate earlier diagnosis of chronic diseases 
that disproportionately burden certain populations.94 Diagnostic stewardship should aim not only to improve 
patient outcomes but also to close these gaps and inequities.

Opportunities and Challenges Ahead
The successful diagnostic stewardship interventions described above can serve as models for populations 
and settings in which problems with the testing process contribute to diagnostic error. Conditions that are 
known to be frequently misdiagnosed and have testing-related contributing factors are good candidates for 
further applications of diagnostic stewardship. 

For example, in an analysis of recurring diagnostic “pitfalls,” Schiff and colleagues identified multiple 
cases of wrong (false positive) diagnoses of systemic lupus erythematosus based on misinterpretation of 
antinuclear antibody (ANA) testing.95 While interventions have been developed to reduce inappropriate use 
of ANA testing and followup testing,96,97 it is less clear whether they ultimately reduce the occurrence of 
false positive diagnoses that reach the patient and cause harm. 



10

Establishing the effect of these and similar interventions on diagnostic safety measures is an important 
next step toward defining their role in improving diagnosis. Interventions can take a variety of forms, but a 
common underlying element is the close collaboration of laboratory testing experts and clinicians. 

Healthcare leaders can advance diagnostic stewardship by addressing barriers to effective clinician-
laboratory interfaces within their own organizations. A national survey of U.S. physicians revealed 
that, even when access to diagnostic expertise is desired, physicians often face difficulty contacting the 
laboratory, uncertainty about whom to contact, and lack of time to make contact.98 Developing channels for 
communication and collaboration with the laboratory might entail additional effort and resources, but they 
can be justified by the benefits these partnerships create. 

To sustain these interventions, healthcare leaders are encouraged to look beyond cost savings alone and 
consider the total value of diagnostic stewardship, including downstream effects on length of stay, adverse 
events, clinician satisfaction, and patient experience. Clinicians, diagnostic experts, and quality and safety 
professionals should be involved in efforts to measure these organization-level outcomes as well as those 
directly related to diagnostic error.

National-level initiatives to promote diagnostic stewardship include champions from professional societies, 
regulatory agencies, payers, and patient advocates. The American Board of Internal Medicine Foundation’s 
Choosing Wisely campaign was one example. Choosing Wisely promoted recommendations for diagnostic 
stewardship, among others,99 that have been adopted within and outside the United States. However, it has 
been noted that the success of the Choosing Wisely campaign was due in part to the engagement of medical 
societies in cocreating practice recommendations to reduce overtesting and waste, in contrast to “top-down” 
edicts from payers and regulators.100 

Regulators and payers could incentivize diagnostic stewardship while maximizing autonomy and intrinsic 
motivation to improve care. Healthcare organizations can be encouraged to identify their own targets for 
improvement based on internal quality and safety measures or feedback from clinicians and laboratory 
professionals. For example, van Moll and colleagues described an analysis of voluntary incident reports 
at an academic teaching hospital to understand diagnostic errors resulting from problems in the testing 
process.101 

An emphasis on general principles and core features of diagnostic stewardship, rather than prespecified 
improvement targets, will allow innovation and flexibility to meet local needs. CDC’s Core Elements of 
Antibiotic Stewardship72 is an example of flexible implementation guidance. While the Core Elements 
document provides some specifications and priorities for stewardship programs, decisions about which 
treatment courses to monitor and which specific stewardship practices to implement are left to the 
organization’s discretion.

Successful implementation of diagnostic stewardship in other systems has been slow to translate nationally 
and may not reach all patients equitably. One potential challenge is that diagnostic stewardship policies and 
procedures are often organization or even facility specific, making translation across systems difficult. 

Multicenter quality improvement collaboratives have shown promise for disseminating diagnostic 
stewardship interventions and may enable greater reach of these practices. One instance of such a 
dissemination effort was the Bright STAR Quality Improvement Collaborative, which supported 
implementation of diagnostic stewardship for blood cultures across 14 pediatric intensive care units.65 
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Another approach is to implement standardized quality measures. For example, CDC released a quality 
measure to prevent blood culture contamination and improve laboratory diagnosis of bloodstream 
infections.43,102,103

Other barriers to implementing diagnostic stewardship reflect structural challenges, including limited 
infrastructure to deliver interventions and constraints on reimbursement for recommended testing, which 
may also disproportionately burden underserved populations. For instance, for recommended genetic testing, 
such as rapid genomic sequencing for diagnosis in critically ill newborns, scientific evidence of benefit104-106 
has not translated to consistent payer and state-level coverage policies.34,78,104 Assessing outcomes that matter 
to clinicians and patients, such as reductions in preventable harm, can help bring to light the impact of 
diagnostic stewardship interventions.

Conclusion
Diagnostic stewardship represents a partnership between clinicians and diagnostic testing experts to reduce 
errors in the testing process and, by extension, the diagnostic process. Diagnostic stewardship has been 
applied to improve testing for a number of conditions. Beyond these current applications, any disease known 
to be misdiagnosed due to problems in the total testing process could be a target for diagnostic stewardship. 

Looking ahead, it will be important to connect the intermediate outcomes of diagnostic stewardship, such 
as fewer ordering errors and improved communication between clinicians and laboratory personnel, to 
reductions in diagnostic errors that reach the patient, such as incorrect diagnoses and resulting harm. Given 
the pivotal role of diagnostic testing in medicine, programs and initiatives to reduce diagnostic error and 
enhance diagnostic excellence107,108 should include diagnostic stewardship as a core component.



12

References
Note: All web pages were accessed July 23, 2024.

1. Schiff GD, Hasan O, Kim S, Abrams R, Cosby K, Lambert BL, Elstein AS, Hasler S, Kabongo 
ML, Krosnjar N, Odwazny R, Wisniewski MF, McNutt RA. Diagnostic error in medicine: analysis 
of 583 physician-reported errors. Arch Intern Med. 2009;169(20):1881-1887. doi:10.1001/
archinternmed.2009.333.

2. Harada T, Miyagami T, Watari T, Hiyoshi T, Kunitomo K, Tsuji T, Shimizu T. Analysis of diagnostic 
error cases among Japanese residents using diagnosis error evaluation and research taxonomy. J Gen 
Fam Med. 2021;22(2):96-99. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7921344/.

3. Raffel KE, Kantor MA, Barish P, Esmaili A, Lim H, Xue F, Ranji SR . Prevalence and 
characterisation of diagnostic error among 7-day all-cause hospital medicine readmissions: a 
retrospective cohort study. BMJ Qual Saf. 2020;29(12):971-979. doi:10.1136/bmjqs-2020-010896.

4. Hooftman J, Dijkstra AC, Suurmeijer I, van der Bij A, Paap E, Zwaan L. Common contributing 
factors of diagnostic error: a retrospective analysis of 109 serious adverse event reports from Dutch 
hospitals. BMJ Qual Saf. 2023 Aug 9;doi:10.1136/bmjqs-2022-015876.

5. Gandhi TK, Kachalia A, Thomas EJ, uopolo AL, Yoon C, Brennan TA, Studdert DM . Missed and 
delayed diagnoses in the ambulatory setting: a study of closed malpractice claims. Ann Intern Med. 
2006;145(7):488-496. https://www.acpjournals.org/doi/10.7326/0003-4819-145-7-200610030-00006.

6. Zwaan L, Thijs A, Wagner C, van der Wal G, Timmermans DR. Relating faults in diagnostic 
reasoning with diagnostic errors and patient harm. Acad Med. 2012;87(2):149-156. doi:10.1097/
ACM.0b013e31823f71e6.

7. Kunitomo K, Harada T, Watari T. Cognitive biases encountered by physicians in the emergency 
room. BMC Emerg Med. 2022;22(1):148. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9414136/. 

8. Lubin IM, Astles JR, Shahangian S, Madison B, Parry R, Schmidt RL, Rubinstein ML. Bringing 
the clinical laboratory into the strategy to advance diagnostic excellence. Diagnosis (Berl). 
2021;8(3):281-294. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8255320/.

9. Fabre V, Davis A, Diekema DJ, Granwehr B, Hayden MK, Lowe CF, Pfeiffer CD, Sick-Samuels 
AC, Sullivan KV, Van Schooneveld TC, Morgan DJ. Principles of diagnostic stewardship: a practical 
guide from the Society for Healthcare Epidemiology of America Diagnostic Stewardship Task Force. 
Infect Control Hosp Epidemiol. 2023;44(2):178-185. doi:10.1017/ice.2023.5.

10. Morgan DJ, Malani P, Diekema DJ. Diagnostic stewardship–leveraging the laboratory to improve 
antimicrobial use. JAMA. 2017;318(7):607-608. doi:10.1001/jama.2017.8531.

11. Curren EJ, Lutgring JD, Kabbani S, Diekema DJ, Gitterman S, Lautenbach E, Morgan DJ, Rock C, 
Salerno RM, McDonald LC. Advancing diagnostic stewardship for healthcare-associated infections, 
antibiotic resistance, and sepsis. Clin Infect Dis. 2022;74(4):723-728. doi:10.1093/cid/ciab672.

12. Hueth KD, Prinzi AM, Timbrook TT. Diagnostic stewardship as a team sport: interdisciplinary 
perspectives on improved implementation of interventions and effect measurement. Antibiotics 
(Basel). 2022;11(2):250. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8868553/.

13. Schinas G, Dimopoulos G, Akinosoglou K. Understanding and implementing diagnostic 
stewardship: a guide for resident physicians in the era of antimicrobial resistance. Microorganisms. 
2023;11(9):2214. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10537711/.

14. Morgan DJ, Malani PN, Diekema DJ. Diagnostic stewardship to prevent diagnostic error. JAMA. 
2023;329(15):1255-1256. doi:10.1001/jama.2023.1678.

https://doi.org/10.1001/archinternmed.2009.333
https://doi.org/10.1001/archinternmed.2009.333
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7921344/
https://doi.org/10.1136/bmjqs-2020-010896
https://doi.org/10.1136/bmjqs-2022-015876
https://www.acpjournals.org/doi/10.7326/0003-4819-145-7-200610030-00006
https://doi.org/10.1097/acm.0b013e31823f71e6
https://doi.org/10.1097/acm.0b013e31823f71e6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9414136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8255320/
https://doi.org/10.1017/ice.2023.5
https://doi.org/10.1001/jama.2017.8531
https://doi.org/10.1093/cid/ciab672
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8868553/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10537711/
https://doi.org/10.1001/jama.2023.1678


13

e

15. Lubin IM, Astles JR, Bunn JD, Cornish NE, Lazaro G, Marshall AA, Stang HL, De Jesús VR. The 
clinical laboratory is an integral component to health care delivery: an expanded representation of 
the total testing process. Am J Clin Pathol. 2023;160(2):124-129. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC11195669/.

16. Farmer MB, Bonadies DC, Pederson HJ, Mraz KA, Whatley JW, Darnes DR, Denton JJ, De Rosa 
D, Heatherly A, Kenney J, Lane K, Paul D, Pelletier RC, Shannon K, Williams D, Matloff ET. 
Challenges and errors in genetic testing: the Fifth Case Series. Cancer J. 2021;27(6):417-422. 
doi:10.1097/PPO.0000000000000553.

17. Donohue KE, Gooch C, Katz A, Wakelee J, Slavotinek A, Korf BR. Pitfalls and challenges in genetic 
test interpretation: an exploration of genetic professionals experience with interpretation of results. 
Clin Genet. 2021;99(5):638-649. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8489659/.

18. Record CJ, Reilly MM. Lessons and pitfalls of whole genome sequencing. Pract Neurol. 
2024;24(4):263-274. doi:10.1136/pn-2023-004083.

19. Messacar K, Parker SK, Todd JK, Dominguez SR. Implementation of rapid molecular infectious 
disease diagnostics: the role of diagnostic and antimicrobial stewardship. J Clin Microbiol. 
2017;55(3):715-723. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5328439/.

20.  Committee on Diagnostic Error in Health Care; Board on Health Care Services; Institute of 
Medicine; The National Academies of Sciences, Engineering, and Medicine. Improving Diagnosis in 
Health Care. Balogh EP, Miller BT, Ball JR. Washington, DC: National Academies Press; 2015.

21. Hickner J, Thompson PJ, Wilkinson T, Epner P, Sheehan M, Pollock AM, Lee J, Duke CC, 
Jackson BR, Taylor JR. Primary care physicians’ challenges in ordering clinical laboratory tests 
and interpreting results. J Am Board Fam Med. 2014;27(2):268-274. https://www.jabfm.org/
content/27/2/268.long.

22. Stewardship. Merriam-Webster. https://www.merriam-webster.com/dictionary/stewardship.
23. Siegelman JR, Gress DA. Radiology stewardship and quality improvement: the process and costs of 

implementing a CT radiation dose optimization committee in a medium-sized community hospital 
system. J Am Coll Radiol. 2013;10(6):416-422. doi:10.1016/j.jacr.2012.12.008.

24. Durand DJ, Lewin JS, Berkowitz SA. Medical-imaging stewardship in the accountable care era. N 
Engl J Med. 2015;373(18):1691-1693. doi:10.1056/NEJMp1507703.

25. Elias RM, Kashiwagi D, Lau C, Hansel SL. An imaging stewardship initiative to reduce low-value 
positron emission tomography-computed tomography use in hospitalized patients. J Healthc Qual. 
2020;42(6):e83-e91. doi:10.1097/JHQ.0000000000000255.

26. Trautner BW. Urinary tract infections as a continuum: implications for diagnostic and antibiotic 
stewardship. Clin Infect Dis. 2020;72(8):1339-1341. doi:10.1093/cid/ciaa280.

27. Zhi M, Ding EL, Theisen-Toupal J, Whelan J, Arnaout R. The landscape of inappropriate laboratory 
testing: a 15-year meta-analysis. PLoS One. 2013;8(11):e78962. https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0078962.

28. Sarkar MK, Zahner CJ. Collaboration with clinical laboratory positively impacts proper test 
utilization and decreases diagnostic errors. Clin Lab. 2023;69(8). doi:10.7754/Clin.Lab.2023.230118.

29. Claeys KC, Blanco N, Morgan DJ, Leekha S, Sullivan KV. Advances and challenges in the diagnosis 
and treatment of urinary tract infections: the need for diagnostic stewardship. Curr Infect Dis Rep. 
2019;21(4):11. doi:10.1007/s11908-019-0668-7.

30. Fabre V, Carroll KC, Cosgrove SE. Blood culture utilization in the hospital setting: a call for 
diagnostic stewardship. J Clin Microbiol. 2022;60(3):e0100521. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC8925908/.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11195669/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11195669/
https://doi.org/10.1097/ppo.0000000000000553
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8489659/
https://doi.org/10.1136/pn-2023-004083
https://www.jabfm.org/content/27/2/268.long
https://www.jabfm.org/content/27/2/268.long
https://doi.org/10.1016/j.jacr.2012.12.008
file:///C:\Users\karen.cosby\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\OW5O6E92\10.1056\NEJMp1507703
file:///C:\Users\karen.cosby\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\OW5O6E92\10.1097\JHQ.0000000000000255
https://doi.org/10.1093/cid/ciaa280
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078962
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0078962
https://doi.org/10.7754/clin.lab.2023.230118
https://doi.org/10.1007/s11908-019-0668-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8925908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8925908/


14

31. Clerico A, Belloni L, Carrozza C, Correale M, Dittadi R, Dotti C, Fortunato A, Vignati G, Zucchelli 
GC, Migliardi M; a document endorsed by the Italian Section of the European Ligand Assay Society 
(ELAS). A Black Swan in clinical laboratory practice: the analytical error due to interferences in 
immunoassay methods. Clin Chem Lab Med. 2018;56(3):397-402. doi:10.1515/cclm-2017-0881.

32. Mrazek C, Lippi G, Keppel MH, Felder TK, Oberkofler H, Haschke-Becher E, Cadamuro J. Errors 
within the total laboratory testing process, from test selection to medical decision-making - a review 
of causes, consequences, surveillance, and solutions. Biochem Med (Zagreb). 2020;30(2):020502. 
doi:10.11613/bm.2020.020502.

33. Middleton LP, Feeley TW, Albright HW, Walters R, Hamilton SH. Second-opinion pathologic 
review is a patient safety mechanism that helps reduce error and decrease waste. J Oncol Pract. 
2014;10(4):275-280. doi:10.1200/jop.2013.001204.

34. Kingsmore SF, Cole FS. The role of genome sequencing in neonatal intensive care units. Annu Rev 
Genomics Hum Genet. 2022;23:427-448. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9844117/.

35. Rubinstein M, Hirsch R, Bandyopadhyay K, Madison B, Taylor T, Ranne A, Linville M, Donaldson 
K, Lacbawan F, Cornish N. Effectiveness of practices to support appropriate laboratory test 
utilization: a laboratory medicine best practices systematic review and meta-analysis. Am J Clin 
Pathol. 2018;149(3):197-221. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016712/.

36. Rudolf JW, Dighe AS, Coley CM, Kamis IK, Wertheim BM, Wright DE, Lewandrowski KB, Baron 
JM. Analysis of daily laboratory orders at a large urban academic center: a multifaceted approach to 
changing test ordering patterns. Am J Clin Pathol. 2017;148(2):128-135. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC6322419/.

37. Miller CE, Krautscheid P, Baldwin EE, Tvrdik T, Openshaw AS, Hart K, Lagrave D. Genetic 
counselor review of genetic test orders in a reference laboratory reduces unnecessary testing. Am J 
Med Genet A. 2014;164A(5):1094-1101. doi:10.1002/ajmg.a.36453.

38. Groehl F, Garreta-Rufas A, Meredith K, Harris J, Rossing P, Hobbs FDR, Wanner C. The drivers 
of non-adherence to albuminuria testing guidelines and the clinical and economic impact of not 
identifying chronic kidney disease. Clin Nephrol. 2023;100(4):145-156. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC10548545/.

39. Narva A. Population health for CKD and diabetes: lessons from the Indian Health Service. Am J 
Kidney Dis. 2018;71(3):407-411. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5828878/.

40. Veterans Health Administration. VHA Directive 1053. Chronic Kidney Disease Prevention, Early 
Recognition, and Management. Washington, DC: Department of Veterans Affairs; 2020.  
https://www.va.gov/vhapublications/ViewPublication.asp?pub_ID=8737.

41. Vassalotti JA, DeVinney R, Lukasik S, McNaney S, Montgomery E, Voss C, Winn D. CKD 
quality improvement intervention with PCMH integration: health plan results. Am J Manag Care. 
2019;25(11):e326-e333. https://pubmed.ncbi.nlm.nih.gov/31747237/.

42. Doern GV, Carroll KC, Diekema DJ, Garey KW, Rupp ME, Weinstein MP, Sexton DJ. Practical 
guidance for clinical microbiology laboratories: a comprehensive update on the problem of blood 
culture contamination and a discussion of methods for addressing the problem. Clin Microbiol Rev. 
2019;33(1):e00009-19. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6822992/.

43. Centers for Disease Control and Prevention. Blood Culture Contamination: An Overview for 
Infection Control and Antibiotic Stewarship Programs Working Within the Clinical Laboratory. 
https://www.cdc.gov/antibiotic-use/core-elements/pdfs/fs-bloodculture-508.pdf. 

https://doi.org/10.1515/cclm-2017-0881
https://doi.org/10.11613/bm.2020.020502
https://doi.org/10.1200/jop.2013.001204
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9844117/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016712/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6322419/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6322419/
https://doi.org/10.1002/ajmg.a.36453
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10548545/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10548545/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5828878/
https://www.va.gov/vhapublications/ViewPublication.asp?pub_ID=8737
https://pubmed.ncbi.nlm.nih.gov/31747237/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6822992/
https://www.cdc.gov/antibiotic-use/core-elements/pdfs/fs-bloodculture-508.pdf


15

e

44. Gosney JR, Paz-Ares L, Janne P, Kerr KM, Leighl NB, Lozano MD, Malapelle U, Mok T, Sheffield 
BS, Tufman A, Wistuba II, Peters S. Pathologist-initiated reflex testing for biomarkers in non-small-
cell lung cancer: expert consensus on the rationale and considerations for implementation. ESMO 
Open. 2023;8(4):101587. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10485396/.

45. Anand K, Phung TL, Bernicker EH, Cagle PT, Olsen RJ, Thomas JS. Clinical utility of reflex ordered 
testing for molecular biomarkers in lung adenocarcinoma. Clin Lung Cancer. 2020;21(5):437-442. 
doi:10.1016/j.cllc.2020.05.007.

46. Cheema PK, Menjak IB, Winterton-Perks Z, Raphael S, Cheng SY, Verma S, Muinuddin A, 
Freedman R, Toor N, Perera J, Anaka M, Victor JC. Impact of reflex EGFR/ALK testing on time 
to treatment of patients with advanced nonsquamous non-small-cell lung cancer. J Oncol Pract. 
2017;13(2):e130-e138. https://ascopubs.org/doi/10.1200/JOP.2016.014019.

47. Tsang M, Petkiewicz S. Impact of reflex testing for BRAF mutational status in advanced melanoma. 
Arch Pathol Lab Med. 2022;146(12):1535-1539. doi:10.5858/arpa.2021-0219-OA.

48. Elnenaei MO, Thoni A, Eissa M. Reflex and reflective laboratory interventions for adding value 
to test results; an integral part of laboratory stewardship. Clin Biochem. 2022;105-106:16-22. 
doi:10.1016/j.clinbiochem.2022.03.003.

49. McKeeman GC, Hall SL, Freedman DB. Reflex and reflective testing practice in clinical 
biochemistry in the United Kingdom - a national survey. Ann Clin Biochem. Jan 2020;57(1):77-87. 
doi:10.1177/0004563219888541.

50. Oosterhuis WP, Venne WPV, Deursen CTV, Stoffers HE, Acker BAV, Bossuyt PM. Reflective testing 
- a randomized controlled trial in primary care patients. Ann Clin Biochem. Mar 2021;58(2):78-85. 
doi:10.1177/0004563220968373.

51. Musgrove MA, Kenney RM, Kendall RE, Peters M, Tibbetts R, Samuel L, Davis SL. Microbiology 
comment nudge improves pneumonia prescribing. Open Forum Infect Dis. Jul 2018;5(7):ofy162. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6057519/.

52. Mcbride J, Schulz L, Fox B, Dipoto J, Sippel N, Osterby K. Influence of a “No MRSA, No 
Pseudomonas” comment to a respiratory culture in antibiotic utilization during the treatment of lower 
respiratory tract infection. Open Forum Infect Dis. 2015;2(suppl_1). doi:10.1093/ofid/ofv133.1053.

53. Schartz WR, Bennett N, Aragon L, Kennedy K, Wilson A, Boyd S, Humphrey M, Essmyer 
C. Templated microbiology comments with candiduria to enhance antimicrobial stewardship. 
Antimicrob Steward Healthc Epidemiol. 2022;2(1):e156. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC9726485/.

54. Langford BJ, Seah J, Chan A, Downing M, Johnstone J, Matukas LM. Antimicrobial stewardship in 
the microbiology laboratory: impact of selective susceptibility reporting on ciprofloxacin utilization 
and susceptibility of gram-negative isolates to ciprofloxacin in a hospital setting. J Clin Microbiol. 
2016;54(9):2343-2347. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5005502/.

55. Laposata ME, Laposata M, Van Cott EM, Buchner DS, Kashalo MS, Dighe AS. Physician survey 
of a laboratory medicine interpretive service and evaluation of the influence of interpretations on 
laboratory test ordering. Arch Pathol Lab Med. 2004;128(12):1424-1427. doi:10.5858/2004-128-
1424-psoalm.

56. Anthony SG, Prevedello LM, Damiano MM, Gandhi TK, Doubilet PM, Seltzer SE, Khorasani R. 
Impact of a 4-year quality improvement initiative to improve communication of critical imaging test 
results. Radiology. Jun 2011;259(3):802-807. doi:10.1148/radiol.11101396.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10485396/
https://doi.org/10.1016/j.cllc.2020.05.007
https://ascopubs.org/doi/10.1200/JOP.2016.014019
https://doi.org/10.5858/arpa.2021-0219-oa
https://doi.org/10.1016/j.clinbiochem.2022.03.003
https://doi.org/10.1177/0004563219888541
https://doi.org/10.1177/0004563220968373
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6057519/
https://doi.org/10.1093/ofid/ofv133.1053
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9726485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9726485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5005502/
https://doi.org/10.5858/2004-128-1424-psoalm
https://doi.org/10.5858/2004-128-1424-psoalm
file:///C:\Users\karen.cosby\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\OW5O6E92\10.1148\radiol.11101396


16

57. Baccei SJ, Chinai SA, Reznek M, Henderson S, Reynolds K, Brush DE. System-level process change 
improves communication and follow-up for emergency department patients with incidental radiology 
findings. J Am Coll Radiol. Apr 2018;15(4):639-647. doi:10.1016/j.jacr.2017.11.031.

58. Singh H, Wilson L, Petersen LA, Sawhney MK, Reis B, Espadas D, Sittig DF. Improving follow-up 
of abnormal cancer screens using electronic health records: trust but verify test result communication. 
BMC Med Inform Decis Mak. Dec 9 2009;9:49. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2797509/.

59. Smith M, Murphy D, Laxmisan A, A, Sittig D, Reis B, Esquivel A, Singh H. Developing software to 
“track and catch” missed follow-up of abnormal test results in a complex sociotechnical environment. 
Appl Clin Inform. 2013;4(3):359-375. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799004/.

60. Banerjee R, Teng CB, Cunningham SA, Ihde SM, Steckelberg JM, Moriarty JP, Shah ND, Mandrekar 
JN, Patel R. Randomized trial of rapid multiplex polymerase chain reaction-based blood culture 
identification and susceptibility testing. Clin Infect Dis. Oct 1 2015;61(7):1071-1080. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4560903/.

61. Polage CR, Gyorke CE, Kennedy MA, Leslie JL, Chin DL, Wang S, Nguyen HH, Huang B, Tang 
YW, Lee LW, Kim K, Taylor S, Romano PS, Panacek EA, Goodell PB, Solnick JV, Cohen SH. 
Overdiagnosis of Clostridium difficile infection in the molecular test era. JAMA Intern Med. Nov 
2015;175(11):1792-1801. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4948649/.

62. Getting Radiology Images to Patients Should Not Be Difficult. Imaging Technology News. 
2017;57(7):14. https://editiondigital.net/publication/?i=437183.

63. Rock C, Perlmutter R, Blythe D, Bork J, Claeys K, Cosgrove SE, Dzintars K, Fabre V, Harris AD, 
Heil E, Hsu YJ, Keller S, Maragakis LL, Milstone AM, Morgan DJ, Dullabh P, Ubri PS, Rotondo 
C, Brooks R, Leekha S. Impact of Statewide Prevention and Reduction of Clostridioides difficile 
(SPARC), a Maryland public health-academic collaborative: an evaluation of a quality improvement 
intervention. BMJ Qual Saf. Feb 2022;31(2):153-162. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC8784990/.

64. Watson KJ, Trautner B, Russo H, Phe K, Lasco T, Pipkins T, Lembcke B, Al Mohajer M. Using 
clinical decision support to improve urine culture diagnostic stewardship, antimicrobial stewardship, 
and financial cost: a multicenter experience. Infect Control Hosp Epidemiol. 2020;41(5):564-570. 
doi:10.1017/ice.2020.37.

65. Woods-Hill CZ, Colantuoni EA, Koontz DW, . Association of diagnostic stewardship for blood 
cultures in critically ill children with culture rates, antibiotic use, and patient outcomes: results of the 
Bright STAR Collaborative. JAMA Pediatrics. 2022;176(7):690-698. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC9062771/.

66. Edgman-Levitan S, Schoenbaum SC. Patient-centered care: achieving higher quality by designing 
care through the patient’s eyes. Isr J Health Policy Res. 2021;10(1):21. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7934513/.

67. Ibarz M, Cadamuro J, Sumarac Z, Guimaraes JT, Kovalevskaya S, Nybo M, Cornes MP, Vermeersch 
P, Simundic AM, Lippi G. Clinicians’ and laboratory medicine specialists’ views on laboratory 
demand management: a survey in nine European countries. Diagnosis. 2021;8(1):111-119. 
doi:10.1515/dx-2019-0081.

68. Pulcini C, Williams F, Molinari N, Davey P, Nathwani D. Junior doctors’ knowledge and perceptions 
of antibiotic resistance and prescribing: a survey in France and Scotland. Clin Microbiol Infect. Jan 
2011;17(1):80-87. doi:10.1111/j.1469-0691.2010.03179.x.

https://doi.org/10.1016/j.jacr.2017.11.031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799004/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4948649/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8784990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8784990/
https://doi.org/10.1017/ice.2020.37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9062771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9062771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7934513/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7934513/
https://doi.org/10.1515/dx-2019-0081
https://doi.org/10.1111/j.1469-0691.2010.03179.x


17

e

69. Thommasen A, Clement F, Kinniburgh DW, Lau CK, Guo M, Viczko J, Guggisberg K, Thomas 
RE, Turin TC, Wesenberg JC, Abdullah A, Hnydyk WS, Naugler C. Canadian family physician 
knowledge and attitudes toward laboratory utilization management. Clin Biochem. 2016;49(1):4-7. 
doi:10.1016/j.clinbiochem.2015.09.010

70. Messacar K, Palmer C, Gregoire L, Elliott A, Ackley E, Perraillon MC, Tyler KL, Dominguez SR. 
Clinical and financial impact of a diagnostic stewardship program for children with suspected central 
nervous system infection. J Pediatr. 2022;244:161-168.e1. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC9807012/.

71. Ku TSN, Al Mohajer M, Newton JA, Wilson MH, Monsees E, Hayden MK, Messacar K, Kisgen 
JJ, Diekema DJ, Morgan DJ, Sifri CD, Vaughn VM. Improving antimicrobial use through better 
diagnosis: the relationship between diagnostic stewardship and antimicrobial stewardship. Infect 
Contr Hosp Epidemiol. 2023;44(12):1901-1908. doi:10.1017/ice.2023.156.

72. Centers for Disease Control and Prevention. Core Elements of Antibiotic Stewardship. April 2024. 
https://www.cdc.gov/antibiotic-use/hcp/core-elements/index.html.

73. Seegmiller AC, Kim AS, Mosse CA, Levy MA, Thompson MA, Kressin MK, Jagasia MH, Strickland 
SA, Reddy NM, Marx ER, Sinkfield KJ, Pollard HN, Plummer WD, Dupont WD, Shultz EK, Dittus 
RS, Stead WW, Santoro SA, Zutter MM. Optimizing personalized bone marrow testing using an 
evidence-based, interdisciplinary team approach. Am J Clin Pathol. 2013;140(5):643-650. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4159763/.

74. Nass SJ, Cohen MB, Nayar R, Zutter MM, Balogh EP, Schilsky RL, Hricak H, Elenitoba-Johnson 
KSJ. Improving cancer diagnosis and care: patient access to high‐quality oncologic pathology. 
Oncologist. 2019;24(10):1287-1290. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6795152/.

75. Conta J, Sternen D, Stasi S, Candadai SC, Wellner M, Dickerson J. An integrated approach to genetic 
test stewardship: the role of laboratory genetic counselors in test preauthorization and ordering. Am J 
Clin Pathol. 2019;152(Supplement_1):S148-S148. doi:10.1093/ajcp/aqz130.015.

76. Thomas M, Amlie-Wolf L, Baker L, Gripp KW. The Genetic Testing Stewardship Program: a bridge 
to precision diagnostics for the non-genetics medical provider. Dela J Public Health. 2021;7(5):20-23. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9124555/.

77. Zentner D, Thompson TN, James PA, Trainer A, Adès LC, Macciocca I, Taylor JA, Mann K, 
Bogwitz M, Lewis N, Morgan N, Vohra J, Winship I. The Cardiac Genetics Clinic: a model for 
multidisciplinary genomic medicine. Med J Aust. 2015;203(6):261 e1-6. doi:10.5694/mja14.01674.

78. Kingsmore SF, Nofsinger R, Ellsworth K. Rapid genomic sequencing for genetic disease diagnosis 
and therapy in intensive care units: a review. NPJ Genom Med. 2024;9(1):17. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC10899612/.

79. Laguna JC, Pastor B, Nalda I, Hijazo-Pechero S, Teixido C, Potrony M, Puig-Butillé JA, Mezquita 
L. Incidental pathogenic germline alterations detected through liquid biopsy in patients with 
solid tumors: prevalence, clinical utility, and implications. Br J Cancer. 2024;130(9):1420-1431. 
doi:10.1038/s41416-024-02607-9.

80. Goodnough LT, Shieh L, Hadhazy E, Cheng N, Khari P, Maggio P. Improved blood utilization using 
real-time clinical decision support. Transfusion. 2014;54(5):1358-1365. doi:10.1111/trf.12445.

81. Ikoma S, Furukawa M, Busuttil A, Ward D, Baldwin K, Mayne J, Clarke R, Ziman A. Optimizing 
inpatient blood utilization using real-time clinical decision support. Appl Clin Inform. 2021;12(1):49-
56. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7840436/.

82. Jenkins I, Doucet JJ, Clay B, Kopko P, Fipps D, Hemmen E, Paulson D. Transfusing wisely: clinical 
decision support improves blood transfusion practices. Jt Comm J Qual Patient Saf. 2017;43(8):389-
395. https://pubmed.ncbi.nlm.nih.gov/28738984/.

https://doi.org/10.1016/j.clinbiochem.2015.09.010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9807012/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9807012/
https://doi.org/10.1017/ice.2023.156
https://www.cdc.gov/antibiotic-use/hcp/core-elements/index.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6795152/
https://doi.org/10.1093/ajcp/aqz130.015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9124555/
https://doi.org/10.5694/mja14.01674
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10899612/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10899612/
https://doi.org/10.1038/s41416-024-02607-9
https://doi.org/10.1111/trf.12445
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7840436/
https://pubmed.ncbi.nlm.nih.gov/28738984/


18

83. Singh H, Mushtaq U, Marinez A, Shahid U, Huebner J, McGaffigan P, Upadhyay DK. Developing 
the Safer Dx Checklist of ten safety recommendations for health care organizations to address 
diagnostic errors. Jt Comm J Qual Patient Saf. 2022;48(11):581-590. doi:10.1016/j.jcjq.2022.08.003.

84. Sittig DF, Ash JS, Singh H. The SAFER guides: empowering organizations to improve the safety  
and effectiveness of electronic health records. Am J Manag Care. 2014;20(5):418-423.  
https://pubmed.ncbi.nlm.nih.gov/25181570/.

85. Office of the National Coordinator for Health Information Technology. SAFER Guides.  
https://www.healthit.gov/topic/safety/safer-guides.

86. The Leapfrog Group. Recognizing Excellence in Diagnosis: Recommended Practices for Hospitals. 
July 2022. https://www.leapfroggroup.org/recognizing-excellence-diagnosis-recommended-practices-
hospitals

87. Sick-Samuels AC, Woods-Hill C. Diagnostic stewardship in the pediatric intensive care unit. Infect 
Dis Clin North Am. 2022;36(1):203-218. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865365/.

88. Danforth M, Hemmelgarn C, Kutty P, Singh H. New National Initiatives To Accelerate Diagnostic 
Excellence in U.S. Hospitals. Institute for Healthcare Improvement Patient Safety Congress,  
Orlando, FL; May 15, 2024. 

89. Palavecino EL, Campodónico VL, She RC. Laboratory approaches to determining blood culture 
contamination rates: an ASM Laboratory Practices Subcommittee report. J Clin Microbiol. 
2024;62(2):e0102823. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10865823/.

90. Bradford A, Singh H, Goeschel C, Offner A. Measure Dx: A Resource To Identify, Analyze, and 
Learn From Diagnostic Safety Events. Rockville, MD: Agency for Healthcare Research and Quality; 
July 2022. AHRQ Publication No. 22-0030. https://www.ahrq.gov/diagnostic-safety/tools/measure-
dx.html.

91. Liaquat S, Baccaglini L, Haynatzki G, Medcalf SJ, Rupp ME. Patient-specific risk factors 
contributing to blood culture contamination. Antimicrob Steward Healthc Epidemiol. 2022;2(1):e46. 
e46. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9614848/.

92. Klucher JM, Davis K, Lakkad M, Painter JT, Dare RK. Risk factors and clinical outcomes associated 
with blood culture contamination. Infect Control Hosp Epidemiol. 2022;43(3):291-297. doi:10.1017/
ice.2021.111.

93. Centers for Disease Control and Prevention. Clinical Laboratory Improvement Advisory Committee: 
Summary Report. November 8-9, 2023. https://www.cdc.gov/cliac/docs/november-2023/CLIAC_
SUMMARY_Nov2023_1.pdf.

94. Cabalar I, Le TH, Silber A, O’Hara M, Abdallah B, Parikh M, Busch R. The role of blood testing 
in prevention, diagnosis, and management of chronic diseases: a review. Am J Med Sci. 2024  Apr 
16:S0002-9629(24)01169-8. doi:10.1016/j.amjms.2024.04.009.

95. Schiff GD, Volodarskaya M, Ruan E, Lim A, Wright A, Singh H, Reyes Nieva H. Characteristics 
of disease-specific and generic diagnostic pitfalls: a qualitative study. JAMA Netw Open. 
2022;5(1):e2144531. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8783262/.

96. Lesuis N, Hulscher ME, Piek E, Demirel H, van der Laan-Baalbergen N, Meek I, van Vollenhoven 
RF, den Broeder AA. Choosing wisely in daily practice: an intervention study on antinuclear antibody 
testing by rheumatologists. Arthritis Care Res (Hoboken). 2016;68(4):562-569. doi:10.1002/
acr.22725.

97. Rajendran R, Salazar JH, Seymour RL, Laposata M, Zahner CJ. Overutilization and underutilization 
of autoantibody tests in patients with suspected autoimmune disorders. Diagnosis (Berl). 
2021;8(4):497-503. doi:10.1515/dx-2020-0139.

https://doi.org/10.1016/j.jcjq.2022.08.003
https://pubmed.ncbi.nlm.nih.gov/25181570/
https://www.healthit.gov/topic/safety/safer-guides
https://www.leapfroggroup.org/recognizing-excellence-diagnosis-recommended-practices-hospitals
https://www.leapfroggroup.org/recognizing-excellence-diagnosis-recommended-practices-hospitals
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865365/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10865823/
https://www.ahrq.gov/diagnostic-safety/tools/measure-dx.html
https://www.ahrq.gov/diagnostic-safety/tools/measure-dx.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9614848/
https://doi.org/10.1017/ice.2021.111
https://doi.org/10.1017/ice.2021.111
https://www.cdc.gov/cliac/docs/november-2023/CLIAC_SUMMARY_Nov2023_1.pdf
https://www.cdc.gov/cliac/docs/november-2023/CLIAC_SUMMARY_Nov2023_1.pdf
https://doi.org/10.1016/j.amjms.2024.04.009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8783262/
https://doi.org/10.1002/acr.22725
https://doi.org/10.1002/acr.22725
https://doi.org/10.1515/dx-2020-0139


19

e

98. Taylor JR, Thompson PJ, Genzen JR, Hickner J, Marques MB. Opportunities to enhance laboratory 
professionals’ role on the diagnostic team. Lab Med. 2017;48(1):97-103. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC6945980/.

99. Morgan DJ, Croft LD, Deloney V, Popovich KJ, Crnich C, Srinivasan A, Fishman NO, Bryant K, 
Cosgrove SE, Leekha S. Choosing wisely in healthcare epidemiology and antimicrobial stewardship. 
Infect Contr Hosp Epidemiol. 2016;37(7):755-760. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6490173/.

100. Wolfson D, Suchman A. Choosing Wisely®: a case study of constructive engagement in health 
policy. Healthcare. 2016/09/01/ 2016;4(3):240-243. doi:10.1016/j.hjdsi.2016.05.004.

101. van Moll C, Egberts T, Wagner C, Zwaan L, ten Berg M. The nature, causes, and clinical impact 
of errors in the clinical laboratory testing process leading to diagnostic error: a voluntary incident 
report analysis. J Patient Saf. 2023;19(8):573-579. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC10662575/.

102. Centers for Disease Control and Prevention. Preventing Adult Blood Culture Contamination: A 
Quality Tool for Clinical Laboratory Professionals. Last reviewed April 2024. https://www.cdc.gov/
labquality/blood-culture-contamination-prevention.html.

103. Centers for Disease Control and Prevention. Hospital Sepsis Program Core Elements. March 2024. 
https://www.cdc.gov/sepsis/hcp/core-elements/index.html.

104. Phillips KA, Trosman JR, Douglas MP, Gelb BD, Ferket BS, Hindorff LA, Slavotinek AM, Berg JS, 
Russell HV, Devine B, Greve V, Smith HS. U.S. private payers’ perspectives on insurance coverage 
for genome sequencing versus exome sequencing: a study by the Clinical Sequencing Evidence-
Generating Research Consortium (CSER). Genet Med. Jan 2022;24(1):238-244. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC8962136/.

105. Dimmock DP, Clark MM, Gaughran M, Cakici JA, Caylor SA, Clarke C, Feddock M, Chowdhury 
S, Salz L, Cheung C, Bird LM, Hobbs C, Wigby K, Farnaes L, Bloss CS, Kingsmore SF; RCIGM 
Investigators. An RCT of rapid genomic sequencing among seriously ill infants results in high 
clinical utility, changes in management, and low perceived harm. Am J Hum Genet. 2020;107(5):942-
952. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7675004/.

106. Dimmock D, Caylor S, Waldman B, . Project Baby Bear: rapid precision care incorporating rWGS 
in 5 California children’s hospitals demonstrates improved clinical outcomes and reduced costs 
of care. Am J Hum Genet. 2021;108(7):1231-1238. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC8322922/.

107. Yang D, Fineberg HV, Cosby K. Diagnostic excellence. JAMA. 2021;326(19):1905-1906. 
doi:10.1001/jama.2021.19493.

108. Singh H, Connor DM, Dhaliwal G. Five strategies for clinicians to advance diagnostic excellence. 
BMJ. 2022;376:e068044. doi:10.1136/bmj-2021-068044.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6945980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6945980/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6490173/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6490173/
https://doi.org/10.1016/j.hjdsi.2016.05.004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10662575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10662575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10662575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10662575/
https://www.cdc.gov/sepsis/hcp/core-elements/index.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8962136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8962136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7675004/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8322922/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8322922/
https://doi.org/10.1001/jama.2021.19493
https://doi.org/10.1136/bmj-2021-068044


20

AHRQ Pub. No. 24-0010-6-EF 
August 2024


	Diagnostic Stewardship as a ModelTo Improve the Quality and Safetyof Diagnosis
	Introduction
	Background
	Diagnostic Error in the Testing Process
	Diagnostic Stewardship Interventions To ReduceDiagnostic Error
	Diagnostic Stewardship in Action
	Evaluation of Diagnostic Stewardship Implementation
	Opportunities and Challenges Ahead
	Conclusion
	References

