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Background: Few hospitals have built surveillance for diagnostic errors into usual care or 

used comparative quantitative and qualitative data to understand their diagnostic processes and 

implement interventions designed to reduce these errors.

Objectives: To build surveillance for diagnostic errors into usual care, benchmark diagnostic 

performance across sites, pilot test interventions, and evaluate the program’s impact on diagnostic 

error rates.

Methods and Analysis: Achieving diagnostic excellence through prevention and teamwork 

(ADEPT) is a multicenter, real-world quality and safety program utilizing interrupted time-series 

techniques to evaluate outcomes. Study subjects will be a randomly sampled population of 

medical patients hospitalized at 16 US hospitals who died, were transferred to intensive care, 

or had a rapid response during the hospitalization. Surveillance for diagnostic errors will occur 

on 10 events per month per site using a previously established two-person adjudication process. 

Concurrent reviews of patients who had a qualifying event in the previous week will allow for 

surveys of clinicians to better understand contributors to diagnostic error, or conversely, examples 

of diagnostic excellence, which cannot be gleaned from medical record review alone. With 

guidance from national experts in quality and safety, sites will report and benchmark diagnostic 

error rates, share lessons regarding underlying causes, and design, implement, and pilot test 

interventions using both Safety I and Safety II approaches aimed at patients, providers, and health 

systems. Safety II approaches will focus on cases where diagnostic error did not occur, applying 

theories of how people and systems are able to succeed under varying conditions. The primary 

outcome will be the number of diagnostic errors per patient, using segmented multivariable 

regression to evaluate change in y-intercept and change in slope after initiation of the program.

Ethics and Dissemination: The study has been approved by the University of California, 

San Francisco Institutional Review Board (IRB), which is serving as the single IRB. Intervention 

toolkits and study findings will be disseminated through partners including Vizient, The Joint 

Commission, and Press-Ganey, and through national meetings, scientific journals, and publications 

aimed at the general public.

INTRODUCTION

Many factors contribute to diagnostic errors (DEs), but key among them are foundational 

issues in health care: complex and fragmented care systems, limited time, and the work 

systems and cultures that impede improvements in diagnostic performance.1–7 While 

approaches to identifying inpatient DEs exist, few studies have linked the identification 

of underlying systemic and structural causes of errors (such as handoff problems, equipment 

failures, or changes in workload) to existing quality improvement programs. Even fewer 

have applied theories of how people and systems are able to succeed under variations (i.e., 

“Safety II”)8,9 or positive deviance methods to characterize optimal diagnostic processes and 

then use those findings to catalyze health system improvement.

This study builds directly on our previously conducted study—utility of predictive systems 

in diagnostic errors (UPSIDE)10—which defined risk factors, underlying causes, and 

prevalence of DEs among patients admitted to 30 hospitals participating in the Hospital 

Medicine Reengineering Network (HOMERuN), a collaborative of over 50 academic 
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hospital medicine programs focused on improving quality of health care delivery.11 

UPSIDE refined reference standard approaches to adjudication of inpatient DEs, defined 

factors associated with these errors, and created collaborations with our sites and national 

organizations, providing a powerful opportunity to transform how diagnostic process 

evaluation programs can be used to improve patient safety in hospitals.

The overall goal of achieving diagnostic excellence through prevention and teamwork 

(ADEPT) study is to turn our highly successful multicenter network into a DE learning 

health system that will integrate DE assessments into existing quality and safety programs; 

provide support and expertise needed to reduce DEs; design, implement, and evaluate pilot 

interventions compared with usual care; and catalyze scientific, personnel, and infrastructure 

changes, which will last beyond the duration of this study. Figure 1 demonstrates our 

conceptual model of DEs, and Figure 2 shows our general framework for the study.

The specific aims of this study are:

Aim 1: To implement an enhanced case review infrastructure that can accurately identify 

DEs and characterize diagnostic processes among patients experiencing inpatient deaths, 

intensive care unit (ICU) transfers, or rapid-response team calls taking place at participating 

HOMERuN hospitals.

Aim 2: To develop site-level and group-wide benchmarking reports of error rates, diagnostic 

processes, and diagnostic performance and incorporate them into sites’ safety and quality 

programs.

Aim 3: To use Aim 2 infrastructure to identify and pilot Safety I and Safety II interventions.

Aim 4: To carry out a comprehensive program evaluation, including analysis of rates of 

DEs and process faults before and after implementation of our program, and analysis of 

reach, effectiveness, adoption, implementation, and maintenance (RE-AIM) of Aims 1 and 2 

programs and Aim 3 pilot interventions.

Hypothesis 4a. That our collaborative program is associated with a reduction in 

DEs and diagnostic process faults compared with baseline performance.

Hypothesis 4b. That our collaborative program is associated with the adoption of 

programs targeting DEs.

The design of this study is a pragmatic, multicenter quality, and safety program with 

exploratory outcome evaluation using interrupted time-series techniques.

METHODS AND ANALYSIS

Study setting

This study will be carried out at 16 sites in the HOMERuN network, including 10 that 

participated in the UPSIDE study: six safety-net hospitals, one community-based teaching 

hospital, and nine traditional academic centers. UPSIDE sites were preferred because of 

their past experience with our adjudication processes, but it was not a requirement for 
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participation. Sites were also recruited from the HOMERuN collaborative. All sites have 

access to support teams and patient populations needed for our research, site leaders with 

roles in their sites’ quality and safety infrastructure, and electronic health record (EHR) 

systems (Epic or Cerner) which will permit deployment of standard data queries to identify 

potentially eligible patients, important covariates, and candidate predictors of DE.

Patient and public involvement

The HOMERuN Patient and Family Advisory Council (PFAC) will provide perspectives on 

key elements of the study. The HOMERuN PFAC includes 10 patient and family caregivers 

from 10 US hospital systems. PFAC members will be engaged and provide insights 

during design (identification of Safety II examples, review of interview guides, surveys, 

and adjudication forms), implementation (consent materials, study operations, review of 

preliminary findings), and dissemination (interpretation of study results, dissemination of 

study findings).

Participant eligibility criteria

Patients—Adult patients admitted to general medicine services at participating hospitals 

between September 1, 2022 and June 30, 2026 will be eligible. Using these criteria, sites 

will use local electronic data queries to identify in-hospital deaths, ICU transfers ≥48 h after 

admission, and rapid response team (RRT)14 calls.

Cases will first be identified retrospectively to gather baseline data for 12 months (i.e., using 

Research Electronic Data Capture [REDCap] to randomly select 10 events per month per 

site among eligible patients, as defined above, admitted from September 1, 2022 to August 

31, 2023). Starting from September 1, 2023, cases will then be identified within a week 

of the qualifying event (two alternating with three randomly selected cases per week per 

site) and proceed concurrently through study completion. We will use block randomization 

to select cases in both the retrospective and concurrent case identification. Only one event 

per patient-day can be chosen for review (practically, all events on that day would be 

adjudicated together). In all cases, reviewers will exclude cases identified in error (e.g., not 

a medical diagnosis), rapid response or ICU transfer due to policy rather than acuity (e.g., 

for desensitization to a medication), admission for comfort care only, admission following 

an out of hospital cardiac arrest, or those with unavailable medical records.

Clinician subjects—During the concurrent phase, we will identify clinicians (attending 

physician; senior resident, physician assistant or nurse practitioner, as applicable; and 

responsible physician at the time of escalation event) involved with all cases.

Aim 1: Identifying DEs

Adjudications will utilize EHRs as source information. Reviewers will be asked to focus 

their review on the patient’s medical record for that hospitalization, but reviewers may also 

review records before hospitalization to provide context and review any autopsy reports to 

confirm the final diagnosis. Results of adjudications will be entered into REDCap tools. 

Adjudications will generally occur after (and cannot be finalized until) patients have been 

discharged or died in the hospital.
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Reviewers will undergo extensive training in the identification of DEs using methods 

previously established for the UPSIDE study,10 including a series of webinars on topics, 

such as defining DEs and episodes of care, how to systematically perform medical 

record review, using the Safer-Dx and Diagnostic Error Evaluation and Research (DEER) 

taxonomy tools, how to assess patient harm, and how to avoid hindsight bias. We have 

created a series of deidentified “gold standard” training cases, some with and some without 

DE. Gold standard cases will then be completed by all reviewers, and training will continue 

until κ statistics (compared with the gold standard) exceed 0.7.

A key principle of our adjudication is a two-reviewer requirement, with the conclusions 

representing the viewpoint of two trained individuals not connected to the case. Consensus 

will be reached between the two reviewers before final results are recorded; in the event that 

a case is unclear or consensus cannot be reached, one of the site leads will serve as the third 

reviewer.

After initial training, every 10th case will be over-read by the site leads at each site (with full 

access to the medical record) to calculate inter-rater reliability between the two-adjudicator 

consensus and the site leads. We will also support sites to ensure consistency of reviews 

through semimonthly webinars for discussion of difficult case reviews and teaching, and 

creation of online resources, including frequently asked questions on how to handle common 

situations.

Finally, our case review tools will track the initial adjudication results (particularly 

whether or not an error took place) after the initial review by each reviewer, whether any 

disagreements were noted after the initial reading of the case materials, and how these 

differences were resolved.

Identification of DEs—We will use the modified Safer-Dx10,13 (Figure S1) to prompt 

reviewers to consider all potential aspects of DE propagation. Reviewers will make a final 

assessment (using a six-level scale) to determine whether a DE occurred: no evidence, slight 

evidence, less than 50–50 but close call, more than 50–50 but close call, strong evidence, 

and virtually certain evidence, with the last three levels considered DEs.

Understanding of diagnostic failure points—Reviewers will then complete the 

modified DEER taxonomy tool (Figure S2)6,10,15 to identify diagnostic failure points 

for all patients with a DE. Our modified DEER Taxonomy covers eight categories: 

presentation/triage; patient history; physical exam; diagnostic test ordering, performance, 

and interpretation; patient follow-up and monitoring; health care team dynamics; and 

clinical reasoning/assessment. Lastly, we will use the National Coordinating Council for 

Medication Error Reporting (NCC-MERP) tool16 to categorize the degree of harm among 

cases with errors.

Definition of Safety II resilience measures—We will also ask reviewers to identify 

cases where a patient was at high risk for DE but no error was found and “good catches” 

where there was no DE despite rare or difficult diagnoses.
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Surveys of clinicians—The goal of clinician surveys will be to gather information 

not easily obtained from the medical record, such as impressions of communication 

effectiveness or clinical uncertainty, to illuminate those aspects of the diagnostic process and 

inform intervention development. Our surveys (Figure S3) will utilize a modified version 

of the DEER taxonomy to identify clinicians’ impressions of problems with care, as well 

as items asking about underlying systems factors (e.g., operational procedures, workload, 

technology), patient factors (e.g., limited English proficiency), and diagnostic resilience 

activities (e.g., how the case demonstrated diagnostic excellence), as well as open-ended 

items asking about Safety I and Safety II issues.

In all cases, the SaferDx tool will be completed before clinician survey responses to avoid 

any bias in DE determination between the two study arms. However, for concurrent cases, 

the DEER taxonomy will be completed after a review of survey responses to provide a 

richer understanding of the causes of DE and to inform interventions to improve diagnostic 

processes.

Selection of exemplar cases—We will conduct a deep review of 10 cases adjudicated 

by experts (five with errors and five without) using a positive deviance approach.17,18 

Cases will be selected to maximize the contrast between those with and without DEs 

to guard against erroneous conclusions.19–21 Using qualitative thematic analysis, we will 

conduct instrumental collective case study analyses to identify themes that emerge from 

clinician surveys, redacted charts or case review documents, free-text descriptors from our 

adjudication tools, and clinician interviews.22 Results from these qualitative analyses will be 

used to identify possible targets for improvement and better understand Safety II issues.

Systems analysis of cases—As in prior studies, we will conduct systems analyses of 

eight cases of DE (i.e., one for each DEER diagnostic process dimension) at selected sites 

to provide additional insight into potential targets for Safety I interventions. We will apply 

tools, such as health care failure modes and effects analysis, cause-and-effect diagrams, and 

root cause analyses to understand the root causes of reviewed DEs.

Aim 2: Benchmarking of diagnostic performance across sites

Aim 2 has two related goals, the first being the development and dissemination of 

data reports representing error rates and diagnostic processes, and the second being the 

incorporation of these reports into local quality programs.

Feedback report development—Initial forms of our reports will allow sites to view 

their data only and will present error prevalence, harms related to errors, diagnostic process 

faults as represented by DEER taxonomy groupings, and population-attributable fractions 

indicating the highest priority process faults. In addition, prototypes will include exploratory 

measures indicating possible Safety II events (e.g., “good catches”) and resilience features 

identified from exemplar cases and expanded through qualitative efforts. Following iterative 

refinement of these reports, we will allow sites to see their own performance compared to 

the overall group’s, followed by additional rounds of iterative refinement in response to user 

feedback.
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Incorporation of reports into existing programs—Once reports have been validated 

by working groups, we will then turn to help site leads to incorporate reports into existing 

quality improvement infrastructure at their institutions. We will ask site leads to identify and 

engage key stakeholders (such as the chief quality or chief safety officers, residency program 

directors, and clinical chiefs), as well as important committees where adverse events, deaths, 

or ICU transfers are reviewed. We will also ask site leads to consider venues or committees 

where clinical excellence is taught, such as clinical-pathological conferences or resident 

reports.

Aim 3: To use Aim 2 infrastructure to identify and pilot Safety I and Safety II interventions

The overall goal of this aim is to pilot test interventions that reduce DEs by simultaneously 

focusing on Safety I and Safety II areas of improvement. Table 1 provides examples of 

possible interventions, but final interventions will be based on lessons learned from Aims 1 

and 2 of the study.

We will utilize our collaborative calls to first undertake an environmental scan to understand 

any current or recent programs seeking to reduce DEs or improve resilience on general 

medicine services at our sites. Using these data and the data collected as part of Aims 1 and 

2, we will undertake intervention development and refinement using the IDEAS framework 

for innovation and intervention planning.23,24 Collaborative calls with site leaders will 

focus on data review, identification of contributing factors for Safety I and II focus areas, 

development of general blueprints, goals, and objectives for interventions, identification of 

target populations for each intervention, and development of implementation plans for each 

(including factors such as leadership engagement, EHR changes, and change management 

needs). We do not expect all sites to implement all interventions but rather we will allow 

sites to choose from among a variety of toolkit components best suited to their individual 

situation. We will aim to have intervention pilots launched by the second half of Year 3 

of this project, with plans to continue them through the first 6 months of Year 4. As in 

our prior studies, we will use a mentored implementation approach to assist sites in the 

sociotechnical approach to quality improvement.25 Following best practices for studies of 

complex interventions,26 we will allow for modifications of the form of the interventions 

(e.g., mode of delivery, dose) while maintaining fidelity to the core functions. We will 

specify allowable adaptations and a description of how planned and unplanned adaptations 

will be managed, measured, and reported over time.

Outcomes

Our primary outcome will be rates of DEs among our study populations using our 

adjudication methods, extrapolated to the entire population of medicine inpatients at each 

site. To do this, we will first measure the proportion of patients with inpatient death, ICU 

transfer ≥48 h after admission, and rapid responses among medicine inpatients at each site. 

Then we will measure proportions with DE among each of these trigger populations. Finally, 

we will use both sets of data to extrapolate DE rates among the entire population. This 

allows for an unbiased estimate of the effects of the program even if the number of trigger 

events is reduced (i.e., by improvements in the diagnostic process).
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Secondary outcomes will include DEs contributing to death, permanent patient harm, or 

requiring life-sustaining treatment using the NCC-MERP criteria (i.e., categories G, H, 

and I)16 and number of diagnostic process faults per patient (as determined by the DEER 

taxonomy during adjudication).

Evaluation of implementation—We will use the RE-AIM framework27 to evaluate the 

extent to which the implementation of ADEPT programs was successful at each of the study 

sites.

Measures of Reach will include a description of hospitals, teams, or units where our DE 

measurement methodology is built into usual care (Aim 1), when and where benchmarking 

data are incorporated into usual care (Aim 2), and where pilot interventions are adopted 

(Aim 3) compared with those where they are not adopted, and a description of patients who 

receive patient-level interventions (Aim 3) compared with those who do not. Effectiveness 
will be measured using our primary and secondary outcomes, as above. Adoption will be 

measured as the number and types of audit/feedback, bench-marking, and Safety I and 

Safety II interventions adopted at each site. Implementation will be measured quantitatively, 

including the proportion of patients in each trigger population who undergo adjudication for 

DE, the number of surveys administered to clinicians, the number of benchmarking reports 

produced, and the proportion of patients who receive patient-level interventions. To measure 

maintenance, we will track the above metrics over time (using run charts) and re-evaluate all 

metrics 6 months after the program is complete.

Assessment of barriers and facilitators of implementation—To understand 

barriers and facilitators of implementation of our program, we will conduct focus groups of 

a purposive sample of front-line clinicians and hospital leaders in the setting of mentorship 

pod meetings and collaborative calls during phase 2 of the study. The interviews will 

be conducted virtually by two coinvestigators using a semistructured interview guide. 

The interview guide will be informed by the consolidated framework for implementation 

research (CFIR), which consists of 26 constructs (and 13 additional subconstructs) within 

five domains: intervention characteristics, outer setting, inner setting, characteristics of 

individuals, and process. Interviews will be modified based on preliminary findings.

Analysis plan

Aims 1, 2, and 3 statistical approach—These Aims will be evaluated descriptively 

using the RE-AIM framework (see Aim 4b statistical approach, below).

Hypothesis 4a statistical approach—The incidence of DEs (primary outcome) in 

the entire cohort will be characterized using proportions and 95% confidence intervals. In 

addition, the incidence of each diagnostic process failure point in the DEER taxonomy 

(secondary outcome) will be calculated for all patients with DEs. These results will also be 

rolled up for each category (i.e., presence of any element within a given category). We will 

follow a similar approach to analyzing measures of Safety II criteria (e.g., “good catches”).

The effect of the program as a whole on primary and secondary outcomes will be assessed 

using interrupted time series methodology. We will track error rates during the 12 months 
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before the start of any interventions. We will then track error rates during the 36 months 

once the program starts. We will measure the change in the y-intercept (“change in step,” 

i.e., sudden improvement with the initiation of the program) and change in slope (change 

in the baseline temporal trend). Significant improvements in one (without significant 

worsening in the other) will be considered evidence of benefit.

We will use segmented multivariable regression by month to evaluate baseline and changes 

in y-intercept and slope over time. We will use logistic regression for dichotomous outcomes 

(presence or absence of any DE, presence or absence of any severe DE); and Poisson 

regression for “count” outcomes (number of DEs per patient, number of diagnostic process 

faults per patient). We will use generalized linear mixed models (e.g., Proc GLIMMIX 

in SAS) for fixed and random effects. Random effects will include attending physician 

at admission and study site. Fixed effects for potential confounders (gathered from EHR 

data, Vizient Data, and adjudication forms) will include: teaching versus nonteaching 

team, admission by night-float, admission service (medicine vs. other), admission source 

(emergency department [ED] vs. interhospital transfer vs. other), admission diagnosis 

category (using clinical classification software for ICD-10 codes), all patients refined 

diagnosis-related group weight, Elixhauser comorbidity score, hospitalization in the 

previous 30 days, ED visits in the previous 30 days, number of outpatient visits in the 

previous 30 days, and demographics (age, sex, race, ethnicity, primary language, median 

income by zip code, and insurance).

We will conduct a limited number of subgroup analyses, including by sex, age, income, 

and race/ethnicity to evaluate any disparities in DE rates and whether the intervention is 

more or less effective in certain populations (for the latter analyses, we will use interaction 

terms, e.g., subgroup × change in slope, to evaluate the statistical significance of any effect 

modification). We also plan secondary analyses to determine whether rates of DEs change 

between phases 1 and 2 (when interventions will be implemented—see Figure S4 timeline).

Throughout we will use weighting to produce population-based estimates reflecting the 

differential sampling percentages at each site, particularly if we notice differential detection 

of cases because of differences in RRT, ICU transfer, or inpatient death data availability.

Hypothesis 4b statistical approach—We will use the RE-AIM framework27 to 

evaluate the extent to which the implementation of ADEPT programs was successful at 

each of the study sites. Reach, adoption, and implementation measures will be analyzed 

using simple statistics to define rates of adoption over time within sites, between sites, and 

compared to each site’s starting place (defined by our environmental scans administered at 

the beginning of our study).

To measure maintenance, will track the reach, adoption, and implementation metrics over 

time (using run charts) and re-evaluate all metrics in the 4 months after the program is 

complete (phase 3—see Figure S4 timeline).

Qualitative analyses of information collected during case reviews (Aim 1)—We 

will conduct a thematic analysis.28 Inductive and deductive coding will be conducted by 
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co-investigators.29 A preliminary codebook will be developed with the goals of identifying 

the case characteristics, external and internal contexts, and characteristics of the individuals 

involved. The team will iteratively meet and discuss their coding with the goal of reconciling 

the proposed codebook until a final codebook is agreed upon. The final codebook will be 

applied to all transcripts. Qualitative data analysis will be managed in Dedoose software 

(sociocultural research consultants). From the coded data, we will assign themes that capture 

the major concepts from interviews.30

Qualitative analysis of collaborative calls (Aims 2 and 4)—Using thematic 

analysis,28 we will analyze moderated small group discussions held during collaborative 

webinars. We will use rapid qualitative methods to conduct a mixed inductive–deductive 

thematic analysis at the semantic level. Templated summaries and matrix analysis will be 

used to analyze the data.30,31

During each small group discussion, the moderators will take field notes and observations 

to supplement the audio recordings. The audio recordings and field notes will be used to 

support Aim 2 collaborative efforts as well as for Aim 4 program evaluations.

Qualitative analysis of implementation (Aim 4)—To qualitatively analyze barriers 

and facilitators of implementation, we will conduct clinician and leader focus groups in Year 

4 using a standard semistructured focus group guide. We will use rapid qualitative methods, 

as described above. We will use a combination of inductive and deductive approaches, 

starting with a priori themes based on updated CFIR constructs32 (deductive), and then 

use an inductive approach to draw on emerging themes from the interviews. Codes will be 

revised by two coinvestigators from the core 4 team based on analysis of initial transcripts. 

Coding of themes will be done by two independent coders, then codes will be reviewed 

together until an agreement is reached. We will stop analyses when we reach “saturation,” 

that is, no new insights are being gleaned, likely 6–12 from each stakeholder group 

(attendings, residents/advanced practice providers, leadership).

Sample size

We anticipate 1920 total cases in the preintervention period (phase 0) and 5280 total cases in 

the postintervention period of the study (phases 1 and 2). All computations below are based 

on achieving 80% power and a significance level (α) of .05.

Primary outcome: DE—Table S1 provides the absolute and relative (%) minimally 

detectable differences in the proportion of patients with at least one diagnostic error for 

the pre- and postintervention sample sizes as described above, using various baseline DE 

proportions. This range of baseline DE proportions is based upon results from the UPSIDE 

study, in which patients who died had a prevalence of errors of 21.7% and patients who 

were transferred to the ICU had an error rate of 28%. Assuming a combined diagnostic error 

rate of 24% in the preintervention period (boldfaced row in Table S1), we will achieve 80% 

power to detect an absolute reduction of 3.2% (15.5% relative rate reduction) in DE rates.

Based upon data from UPSIDE on the incidence of death and ICU transfer in general 

medicine patients, as well as population-level data on the incidence of RRT calls,6 we 
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estimate that the preintervention rate of DEs in patients undergoing one of these events, 

weighted for their prevalence in the general medicine population, to be 2.67%. If the 

minimally detectable difference in DE rates is a 15.5% relative reduction, as per our analysis 

above, the minimally detectable absolute difference in the weighted rate of DEs is 0.41%, 

that is, from 2.67% to 2.26%.

Secondary outcome: DE that contributed to severe patient harm or death—In 

the UPSIDE cohort, 78.7% episodes of care in which DE occurred were associated with 

harm to the patient. If we assume a low rate of diagnostic error in the ADEPT cohort 

(21%), which provides a conservative estimate of power to detect a change in this secondary 

outcome, the minimally detectable absolute reduction in the rate of harm in patients with DE 

is between 6.3% and 7.4% (7.5%–10.0% relative reduction).

Secondary outcome: Number of DEER taxonomy process faults present—In 

the UPSIDE cohort, the mean number of process faults was 6.8 (SD: 3.7) in patients with a 

DE. With our proposed sample size, we achieve 80% power to detect an absolute reduction 

of 0.62 (9.1% relative reduction).

Timeline (Figure S4).

ETHICS AND DISSEMINATION

University of California, San Francisco (UCSF) is serving as the central Institutional Review 

Board (IRB) for the study and has approved the study protocol. The other participating sites 

either ceded to the central IRB or determined that the study was exempt from IRB approval 

at the local level. The central IRB approved a waiver of patient consent on the grounds that 

this is a minimal-risk study, obtaining consent would be a potentially poor use of limited 

research funds, and that requiring patient consent would greatly limit the generalizability 

of the research. Personal health information will be retained at the local hospital level in 

a secure cloud-based location, but only deidentified data (using study ID numbers) will be 

shared with UCSF for analysis. PHI will be exchanged between each site and Vizient but no 

more than is currently done for operational purposes; Vizient will only return deidentified 

data back to study sites using study ID numbers. Investigators at UCSF (A. D. A., C. H., W. 

J. B.) will have access to the final (deidentified) study data set; other investigators will have 

access to aggregated data. Given the minimal-risk nature of this study, a data monitoring 

committee is not needed. The co-principal investigators and project manager will audit the 

conduct of the study on a monthly basis; they will also communicate any important protocol 

modifications to the central IRB, Agency for Healthcare Research and Quality, and update 

clinicaltrials.gov as needed.

We will make our study methodologies, data collection tools, analytic approaches, 

interventions, and approach to implementation of the intervention available for widespread 

distribution, in conjunction with our dissemination partners.
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Authorship eligibility will follow the guidelines of the Editors. We do not plan to use 

professional writers. Access to the full protocol and statistical code will be made available 

upon reasonable request.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

Strengths and weaknesses:

• Multicenter, real-world design increases generalizability.

• Rigorous two-person adjudication process allows for expert review while 

maximizing the reliability and validity of diagnostic error assessment.

• Use of existing safety and quality systems to share data describing error rates 

and underlying causes promotes adoption and sustainability.

• Design allows sites to choose and customize interventions to their setting, 

maximizing efficacy.

• Toolkit will provide lessons learned for widespread implementation.

• Variability and flexibility in intervention development and implementation 

will require further studies to definitively demonstrate their benefit.
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FIGURE 1. 
Conceptual model of diagnostic processes, based on previous work by the National 

Academies of Sciences, Engineering, and Medicine,12 and the SaferDx framework.13
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FIGURE 2. 
Framework of the ADEPT study for diagnostic improvement. ADEPT, achieving diagnostic 

excellence through prevention and teamwork; ICU, intensive care unit; RRT, rapid response 

team; UPSIDE, utility of predictive systems in diagnostic errors.
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