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Abstract

Objectives: The inpatient setting is a challenging clinical
environment where systems and situational factors predis-
pose clinicians to making diagnostic errors. Environmental
complexities limit trialing of interventions to improve diag-
nostic error in active inpatient clinical settings. Informed by
prior work, we piloted a multi-component intervention
designed to reduce diagnostic error to understand its feasi-
bility and uptake.

Methods: From September 2018 to June 2019, we conducted
a prospective, pre-test/post-test pilot study of hospital med-
icine physicians during admitting shifts at a tertiary-care,
academic medical center. Optional intervention components
included use of dedicated workspaces, privacy barriers,
noise cancelling headphones, application-based breathing
exercises, a differential diagnosis expander application,
and a checklist to enable a diagnostic pause. Participants
rated their confidence in patient diagnoses and completed a
survey on intervention component use. Data on provider
resource utilization and patient diagnoses were collected,
and qualitative interviews were held with a subset of par-
ticipants in order to better understand experience with the
intervention.

Results: Data from 37 physicians and 160 patients were
included. No intervention component was utilized by more
than 50 % of providers, and no differences were noted in
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diagnostic confidence or number of diagnoses documented
pre- vs. post-intervention. Lab utilization increased, but
there were no other differences in resource utilization
during the intervention. Qualitative feedback highlighted
workflow integration challenges, among others, for poor
intervention uptake.

Conclusions: Our pilot study demonstrated poor feasi-
bility and uptake of an intervention designed to reduce
diagnostic error. This study highlights the unique chal-
lenges of implementing solutions within busy clinical
environments.

Keywords: diagnostic error; implementation science; pilot
study

Introduction

The inpatient setting is a clinical environment in which high
complexity medical patients, often with myriad different
illnesses of varying acuity, receive care. On top of challenges
inherent in managing multiple medical processes (both
within an individual patient and across a team of patients),
systems and situational factors often make achieving an
accurate and timely diagnosis — and rendering appropriate
treatment — challenging [1-3]. Reflective of this, errors in
diagnosis are the most costly and morbid of all types of
medical error in hospitalized patients [4].

Owing to this complexity and the challenges associated
with controlling for innumerable contextual factors, in-
terventions to curb diagnostic error have generally occurred
either in simulated or highly standardized clinical scenarios
or environments (e.g., electrocardiogram or radiology
interpretation) [5, 6]. Few, if any, interventions to address
diagnostic error have focused on inpatient medical pro-
viders or been carried out in the inpatient clinical setting as
care was being delivered [7, 8].

To address these challenges, we embedded clinicians
and researchers within inpatient medical teams to better
understand the challenges associated with diagnosis within
the hospital setting. Informed by that work, we devised a
multi-component intervention with the goal of reducing
diagnostic errors. In this manuscript, we report the results of
a pilot study aimed to assess feasibility and uptake of our
intervention and the lessons learned.
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Methods
Settings and participants

Between September 2018 and June 2019, we conducted
a prospective, pre-test/post-test pilot study of a multi-
component intervention focused on reducing diagnostic
errors among hospital medicine physicians (hospitalists) at a
large, academic, tertiary-care medical center. Hospitalist
participants were recruited by a trained research assistant
and were consented immediately prior to a clinical admit-
ting shift, during which time they were responsible for pa-
tient admission, triage, documentation, and hand off to
oncoming physicians. Admitting shifts were selected (rather
than rounding shifts) as the diagnostic process is heavily
weighted early within a hospitalization. Hospitalists were
recruited consecutively, Monday through Friday, based
on existing schedules. Participants on service between
September and December 2018 provided data for the pre-
intervention period, and those on service between January
and June 2019 participated in the intervention.

Intervention

Informed by our prior work [1, 3, 9], we implemented a
multi-component intervention aimed to address noted sys-
tems and environmental contributions to diagnostic error
between September 2018 and June 2019. All intervention
components were optional and could be used either indi-
vidually or in their entirety by the provider. In order to limit
distractions, dedicated workspace was identified, and pri-
vacy barriers were erected. Based on prior feedback, this
location remained within the larger team room environ-
ment to facilitate groupthink, an often-utilized method of
cognitive debiasing [10]. Noise cancelling headphones were
available to eliminate ambient noise. A brief application-
based guided breathing exercise was performed at the
beginning of the shift and was available throughout the shift
as a mechanism to promote mindfulness. To facilitate the
diagnostic process, an electronic tablet that was preloaded
with an application that expanded differential diagnoses
(Diagnosaurus® DDX; Unbound Medicine Inc., Charlottes-
ville, VA) was provided. Finally, to enable a diagnostic pause,
a diagnostic checklist that could be imported into the elec-
tronic health record (EHR) through use of an electronic
shortcut was created (Supplementary Material 1). This
checklist encouraged specific actions to be performed before
the patient encounter, during the patient encounter, and in
follow-up. While the encouraged timing of use of the
checklist was during drafting of the patient’s documentation
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(as many had previously identified that this is when reflec-
tion of patients occurs), a physical copy of the checklist was
displayed within the privacy screens so that pre-encounter
items could be considered. Hospitalists were educated to
these intervention components during a group-wide con-
ference in September 2018 and were again oriented to them
at shift onset by one of two research assistants.

Data collection methods and processes

Data were collected by one of two research assistants, who
were present beginning at shift start (1:00pm) and for either
the duration of the shift or 9:00pm, whichever was earlier. At
either shift completion or 9:00pm, participants in both the pre-
and post-intervention period completed a survey in which they
rated their diagnostic confidence in their leading diagnosis for
each patient on a 10-point Likert scale (with one indicating
least confident and 10 indicating most confident). In the post-
intervention period, participants were also asked to indicate
which components of the intervention (if any) were utilized.

Following shift conclusion, research staff reviewed the
EHR chart of each patient admitted by the participating
provider and documented the number and type of labs and
imaging studies ordered in the ED, by consultants, and by
the admitting provider; the number of consults requested
by the ED and by the admitting provider; number of di-
agnoses listed in the admitting provider’s initial differen-
tial diagnosis; and admission and discharge diagnoses.
Patients admitted with known diagnoses (either via direct
admission or transfer from another unit) were excluded
from inclusion.

At the conclusion of the intervention, a trained qualita-
tive methodologist (MQ) conducted in-person interviews,
using a semi-structured interview guide (Supplementary
Material 2), with a subset of participating hospitalists based on
a convenience sample. The purpose of the interviews was to
better understand their overall experience with the inter-
vention and their views on specific intervention components.
Interviews were conducted in a private office space located
close to the hospital team rooms and scheduled at times most
convenient for the hospitalists. A research assistant was also
present during interviews to consent participants, assist with
audio recording, and ask clarifying questions. All interviews
were recorded and transcribed verbatim.

Outcomes

The primary outcome of interest was the feasibility and
use of the intervention. Secondary outcomes included
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differences in diagnostic confidence, number of diagnoses
in admission documentation, and resource utilization
(including lab studies, imaging studies, and consult orders)
in the pre- and post-intervention period. We additionally
assessed the use of the intervention (either use of any
component or use of individual components) on the same
outcomes.

Data analyses
Statistical analyses

Data were summarized using descriptive statistics (means
for continuous variables and frequencies and percentages
for categorical variables). Differences in key variables be-
tween pre-intervention and intervention periods were
assessed via t-tests and chi-square tests as appropriate. To
model the effect of intervention use and account for
repeated measures at the physician level (as participants
may have participated in multiple shifts and often admitted
multiple patients) linear mixed effects models, using
maximum likelihood estimation methods, were used to
assess associations between use of intervention components
(at least one component or each component individually)
and diagnostic confidence, number of diagnoses listed on
admitting documentation, and resource utilization.

For all models, random intercept components were
included for participants to account for clustering at the
physician-level. All models were also adjusted with fixed
components for gender, race, and shift duration (measured
in total minutes). Fixed effect coefficient estimates, 95 %
confidence intervals, and p-values were estimated. An alpha-
level of 0.05 was used to determine statistical significance of
the fixed-effect coefficient of interest for all models. All an-
alyses were conducted in Stata MP 14.1 (StataCorp, College
Station, TX).

Qualitative analysis

A rapid analysis approach was used to analyze interview
transcripts [11]. To begin, two team members trained in
qualitative analysis methods (MQ, KF) constructed a tem-
plate based on the interview guide to reflect the main do-
mains of interest. These domains included participant views
on specific intervention components (e.g., privacy screen,
breathing exercises, headphones, diagnostic checklist). The
two team members then read through each transcript
independently. One took the lead summarizing data for each
domain in the template, including supporting quotations,
and the other conducted a review to ensure that all data was
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captured accurately and consistently. In some cases, addi-
tional data were added to the templates by the second
reviewer. These additions, along with any discrepancies
between first and second reviews, were discussed until
agreement was reached. Once all of the templates were
complete, data under each domain were reviewed, synthe-
sized, and summarized to better understand similarities and
differences in views among and across participants.

Ethical and regulatory oversight

This study was reviewed and approved by the Institutional
Review Board at the University of Michigan Health System
(HUMO00145793). All relevant ethical guidelines, including the
Declaration of Helsinki, were followed in the conduct of this
research.

Results
Quantitative results

A total of 53 physicians were approached for study partici-
pation; 47 agreed to participate and completed surveys. Of
these 47 physicians, 3 did not admit any patients during their
study shifts, and 3 others only admitted patients that were
ineligible for the study (i.e., direct admits, planned treat-
ment, or transfer patients) and were therefore removed
from the study sample. An additional 4 physicians were
excluded from analyses due to missing data elements.
Complete data were available for 37 unique hospitalists who
admitted 160 unique patients (Figure 1). A total of 10 hospi-
talists participated during the pre-intervention period only,

Invited to Participate
n =53

Excluded (n = 6
Declined to participate n=6

Y

Eligible & Participated
n =47

Excluded from analysis (n = 10)
No patients admitted
during study shifts

Only admitted ineligible
patients during study shifts n=3

n=3

Y

Missing patient
data elements n=6

Y
Analyzed
n=237

Figure 1: Consort flow diagram.
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13 participated during the intervention period only, and 14
participated during both pre-intervention and intervention
periods. Of the 24 hospitalists contributing data during the
pre-intervention period, 11 (46 %) were men and 15 (63 %)
were White. Of the 27 hospitalists contributing data during
the intervention period, 13 (48 %) were men and 12 (44 %)
were White. Hospitalists admitted a total of 75 and 85 pa-
tients during the pre-intervention and intervention periods,
respectively.

The 27 hospitalists participating during the interven-
tion admitted a total of 85 included patients across 44
unique shifts. The number of shifts per hospitalist during
the intervention period ranged from 1-5 and the number of
patients per shift ranged from 0-5. At least one interven-
tion component was used during 38 (86 %) of the 44 shifts
during the intervention period. Across the 44 shifts, the
breathing exercise (n=22, 50 %), privacy screen (n=19, 43 %)
and diagnostic checklist (n=17, 39 %) were the most
frequently used interventions. The headphones (n=8, 18 %)
and diagnostic application (n=3, 6.8 %) were the most
infrequently used modalities.

No differences were noted in diagnostic confidence
(mean confidence 7.7 vs. 7.8, p=0.61) or number of diagnoses
documented in the initial differential (mean 1.8 vs. 2.0,
p=0.29) between the pre- and post-intervention periods.
There was an increase in overall lab testing in the post-
intervention period (mean 4.7 vs. 6.1, p=0.009). No changes
were noted in number of consults (mean 0.7 vs. 0.5, p=0.14) or
imaging studies (mean 2.1 vs. 1.8, p=0.21) requested.

After adjusting for gender, race, shift duration and
clustering of patients by provider, the use of at least one
intervention component was not associated with diagnostic
confidence (p=0.76), the total number of diagnoses listed in
differential (p=0.36), imaging orders (p=0.40), or consults
requested (p=0.06). However, use of at least one intervention
component was associated with a statistically significant
increase in the total number of labs ordered (intervention
fixed coefficient=1.24, 95 % CI=0.17 to 2.31, p=0.02).

Qualitative results

Five hospitalists participated in interviews following the
conclusion of the intervention. Review of interview data
elicited several important findings. First, participants valued
the “social” aspect of the intervention. To elaborate, during
the design of the intervention, work locations were inten-
tionally included within the team room environment and
privacy screens were not completely obstructive. Nonethe-
less, most interviewed individuals found neither the privacy
screen nor the headphones to be helpful.
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It’s not unusual during the shift that you are going to have questions
about triaging a patient to where the most appropriate place for this
patient to go is and so, it felt like you kind of had to take a physical
break from the workspace to kind of find somebody or talk to
somebody about what was going on, as opposed to just feeling like it
was in the flow of the work room itself. (Participant 3)

Ididn’t see anybody use [the headphones]. I never used them because
you can’t wear earmuffs when you are on the phone. You can’t wear
earmuffs when you have to hear a pager. (Participant 1)

While not all participants found breathing exercises helpful,
several noted that they utilized mindfulness-based practice
as a reminder to slow down throughout a busy shift.

Tused it as motivation — I am going to write four notes and then, 'm
going to take a 15-minute break ... I will get up and walk around.
That’s how I will pace myself. (Participant 5)

I have an app on my phone ... and every so often, it will tell me to
take a few seconds to breathe and I make a conscious effort ... it just
tells me ... I need 30 seconds of just deep breathing. So, those things
help me. (Participant 2).

Feedback on the use of an application that offered a diag-
nostic checklist was mixed. Participants noted little value
of the checklist mechanism, though for a variety of rea-
sons. For instance, some individuals felt that the checklist
was utilized too late in the diagnostic process or was too
conceptually rudimentary, whereas others noted that they
have their own process (that at times already included
checklists).

I'mean, that’s third year medical school stuff of what you do — what I
do before I even see a patient ... you know, we have some people in
our group who have been doing this for 20 years ... reviewing lab
data, that’s what you learn to do as a third year medical student ...
and maybe that’s important for a checklist but it just seems so ...
trivial and like the low-functioning part of the job that if somebody is
really needing a checklist to tell them to do that, they are not going to
make it the first day. (Participant 1)

When I get to my documentation action and plan, that’s really my
checklist. I have a system that I follow, and I tie it back in with every
lab or every complaint that maybe, okay, dose this diagnosis make
sense. So, yeah, I don’t use checklists. It’s kind of in here [points to
brain] after having done it for so many years. (Participant 2)

Discussion

In this pilot study evaluating implementation of a multi-
component intervention aimed at reducing diagnostic error,
we found limited intervention uptake among hospitalists as
they delivered clinical care. We found no significant differ-
ences in pre- and post-intervention subjective survey scores,
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diagnostic confidence, differential diagnoses, or resource
utilization aside from of a small increase in lab test ordering
in the post-intervention period. Furthermore, outside of the
increase in lab testing, no meaningful differences in out-
comes with use of any one or more intervention components
or any single individual intervention component were
observed. These findings highlight the challenges of not only
influencing diagnostic errors, but also conducting real world
interventions in busy clinical arenas.

Although a negative study, this pilot informs the field of
improving diagnostic errors in the “real world” in several
ways. First, our study highlights many of the challenges
associated with studying diagnostic errors within the clinical
space. Our interventions were based on hundreds of hours of
observations during which study team members embedded
with medicine teams to understand physician workflow and
both systems and cognitive challenges related to diagnosis,
as well as dozens of hours of focus groups and interviews.
Evident from those sessions was a need for balance between
space for reflection and space for collaboration and a
recognition of the timing in which diagnosis occurs (typically
during documentation). Our intervention was built with
these theoretical ideals in mind (e.g., privacy screens that
were within the team environment and without complete
obstruction, headphones that could be donned and doffed, a
checklist to incorporate during time of documentation). That
no component was utilized by more than half of the partic-
ipants suggests that where theory meets practice is highly
variable.

Insights on how and why our intervention was unsuc-
cessful may be derived from the field of implementation
science. The first comes in an assessment of organizational
readiness to change. Readiness for change requires a shared
resolve to implement change [12]. Errors in diagnosis receive
little of the attention of many other patient safety challenges
and an understanding of the gravity of the problem cannot
be assumed. Individually, that diagnostic errors and conse-
quences resulting from such error are disjointed in time
and space often means that providers are unaware that
an error occurred. This phenomenon contributes to the
underappreciation of the impact of diagnostic errors on
patient safety. As a result, it is incumbent on change agents
(or those designing interventions to curb error) to clearly
articulate and demonstrate the issues importance. Raising
further awareness of the perils of diagnostic error within the
group may have created that shared resolve and could have
improved intervention uptake.

Next, organizational change requires favorable appraisal
of task demands, resources available, and situational factors
[12]. Participants in interviews cited that the intervention,
particularly use of the checklist, was both outside of their
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standard workflow and perhaps too rudimentary. For
example, multiple individuals cited their professional expe-
rience as a reason why they may not need a reminder to
“review labs independently.” In a large, diverse group,
working within a complex healthcare system, assessment of
task demands of an intervention and the resources available
are unlikely to be uniform — while some found the compo-
nents of the intervention beneficial, others found them pro-
hibitively time consuming.

While our intervention was unsuccessful within the
clinical setting, several interventions have shown benefit.
For example, two studies in which physicians discussed
cases with colleagues in a formalized way resulted in
improvement — the first, a nearly 5 % absolute risk reduc-
tion for adverse events in the emergency department [13]
and the second a change in patient plan in over 50 % of
cases in which a hospitalist consultant was involved [14].
Additional tools and cognitive aids (e.g., checklists, reflec-
tion tools) have demonstrated modest improvement in
outcomes [15], though most have yet to be rigorously
studied via randomized controlled trials [8]. Technological
developments now offer new hope for improving diagnosis
in the clinical setting. While the application of artificial
intelligence to diagnosis remains early, large language
models have been used to facilitate ward-based education
through “information querying, second-order content
exploration, and engaged team discussion regarding auto-
generated responses,” [16] and have shown promise in
vignette-based studies [17].

Our study has several limitations. For example, the
interventions were derived based on observations of clin-
ical workflow within a single healthcare system and in-
terventions were implemented within the same system.
Neither the observations that served as intervention bases
nor the outcomes of the intervention implementation may
be generalizable beyond our facility. Next, we were unable
to assess for the presence of diagnostic error, but rather for
provider behaviors that may have been associated with
error. How and whether these factors are truly associated
with error warrants further evaluation. Nonetheless, our
study has important strengths. The study was designed
with both an extensive understanding of the underlying
facility contextual factors and was based on local provider
feedback and supportive literature. Next, the intervention
targeted both the individual cognitive factors as well as
systems factors (e.g., distractions) that may contribute to
error. Finally, we supplemented our quantitative findings
with qualitative data to better understand the why behind
our findings.

With an understanding of the contextual factors, we
have several ideas on how interventions to curb diagnostic
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errors may be implemented and assessed. First, take time to
build a sense of urgency — while the impacts of diagnostic
errors are becoming more recognized, personalizing the
message may drive support for the intervention. Second,
interventions should be focused. Multi-component in-
terventions may increase participation broadly by allowing
individuals to participate in only part of the intervention;
however, the distribution of use across components may
limit interpretation and generalizability of any findings.
Next, interventions should be tightly integrated into stan-
dard workflow to improve compliance. Finally, when avail-
able, interventions should be designed and enacted with the
aid of those trained in implementation science and organi-
zational change after carefully understanding the clinical
context in which the intervention will occur.

Diagnostic error continues to be called the “next fore-
front in patient safety”, tangible interventions to improve
healthcare outcomes remain elusive. Moving from the lab-
oratory to the bedside is imperative owing to the multitude
of complexities within healthcare settings. Studies, such as
this pilot study, thus, are essential to understand barriers
and opportunities ahead.
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