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ABSTRACT: Diagnostic error or delay (DEOD) is common in the acute care setting and results in poor patient outcomes. Many factors con-
tribute to DEOD, but little is known about how contributors may differ across acute care areas and professional roles. As part of a sequential
exploratory mixed methods research study, we surveyed acute care clinical stakeholders about the frequency with which different factors con-
tribute to DEOD. Survey respondents could also propose solutions in open text fields. N =220 clinical stakeholders completed the survey. Care
Team Interactions, Systems and Process, Patient, Provider, and Cognitive factors were perceived to contribute to DEOD with similar frequency.
Organization and Infrastructure factors were perceived to contribute to DEOD significantly less often. Responses did not vary across acute care
setting. Physicians perceived Cognitive factors to contribute to DEOD more frequently compared to those in other roles. Commonly proposed
solutions included: technological solutions, organization level fixes, ensuring staff know and are encouraged to work to the full scope of their
role, and cultivating a culture of collaboration and respect. Multiple factors contribute to DEOD with similar frequency across acute care areas,
suggesting the need for a multi-pronged approach that can be applied across acute care areas.
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Background

Medical error is a serious and widespread issue, with some esti-
mating it to be the third greatest cause of mortality in the
United States.! Diagnostic error or delay (DEOD) is a form of
medical error that has been slower to receive attention.
However, it must be prioritized given advancements in tech-
nology that make detecting such errors more feasible and
advancements in medicine that make it even more important
to arrive at the correct diagnosis in a timely manner, from both
a patient outcomes and financial perspective.?

DEOD has been operationalized in different ways, but the
Committee on Diagnostic Error in Health Care defined it as
either a lack of timely and accurate identification of the source
of the problem or a breakdown in sharing this with the patient;
this excludes overdiagnosis.® As interest in this area has
increased, studies have used various methods to better under-
stand the prevalence and sources of DEOD. These methods
include experimental simulations*; reviewing charts,” patient
and family medical complaints,® and malpractice claims’$;
dashboards for proactive identification’; physician surveys!0-12
or self-report'3; and a combined approach of observation and
focus groups and interviews.!* However, the precise rate of

diagnostic error remains difficult to determine due to differ-
ences in methods used and how diagnostic error is defined.'>16
When aggregating diagnostic error rate data from the lit-
erature for 15 conditions for which diagnostic error is common,
researchers reported an average error rate of 9.7%.1¢ However,
there is evidence that rates of diagnostic error vary by hospital
setting. Evaluation of large malpractice claims database found
the 16% of diagnostic errors identified occurred in the
Emergency Department and 26% occurred in the hospital.®
Furthermore, rates of diagnostic error have been found to be
5.6% in a hospital medicine sample,'” 7% in an ICU sample,!®
and 12.3% in a Swiss emergency room.!® Regardless of the pre-
cise rate of DEOD, there is ample evidence that diagnostic
error is an important and potentially deadly problem.32
Clinicians and researchers are working toward identifying
sources of diagnostic error in relation to different parts of the
diagnostic process.® The Diagnostic Error Evaluation and
Research (DEER) taxonomy considers failure that can occur
during “(1) access and presentation, (2) history taking/collec-
tion, (3) the physical exam, (4) testing, (5) assessment, (6) refer-
ral, and (7) followup” (p. 255).%! This approach has been used to

analyze physician reported instances of errors, revealing that

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:redmond.sarah@mayo.edu

Health Services Insights

errors most frequently occurred during testing or assessment,
and that almost one-third of cases had two process errors, with
certain errors tending to occur together.!

Similarly, the Safer Dx framework places patients as central
in the diagnostic processes involving initial encounters, infor-
mation interpretation, follow-up, consultation, and adherence
as process dimensions within the larger sociotechnical system
in which diagnostic error can occur.?2?3 A study using the pro-
cess dimensions to identify sources of diagnostic error found
that elements of the patient-practitioner encounter were the
most frequent source of error and multiple sources of error
were present for just under half of cases.?* Another study iden-
tified multiple sources of error in almost three-quarters of
cases.? The Safer Dx framework and DEER taxonomy have
also been used in conjunction with each other to identify diag-
nostic errors and their source.’® Common contributors to diag-
nostic errors were overemphasis on the incorrect diagnosis,
delayed or insufficient attention to the correct diagnosis, and
improperly considering history.!8

Research also suggests that multiple factors are responsible
for DEOD in acute care areas.”2® However, it is not well
understood whether certain factors contribute to DEOD more
frequently in some acute care settings (eg, the Emergency
Department, Intensive Care Units, inpatient hospital floors)
compared to others. For instance, research suggests cognitive
factors may most frequently play a part in missed diagnoses in
the Emergency Department,” but it is not well understood to
what extent these findings are representative of the diagnostic
challenges faced by other acute care areas.?” Thus, while multi-
ple potential sources of diagnostic error have been identified,
less is known about how these compare across different acute
care settings and whether the sources of error vary across pro-
fessional role.

Identifying the most frequent sources of error in different
acute care areas and for those in different professional roles
may be crucial for developing tailored intervention efforts,
when multiple factors may be present,?® but resources are lim-
ited. Moreover, asking providers themselves to reveal potential
sources of diagnostic errors may provide crucial insight'?28 that
is absent from charts and other more traditional retrospective
methods. Although asking participant to self-report may lack
some objectivity, alternative methods for addressing this ques-
tion, such as having two reviewers classify sources of error may
introduce the reviewers’ biases (eg, one of the aforementioned
studies had a kappa of .58 for reviewers’ categorization of the
source of provider reported diagnostic errors.')

To address this gap in the literature, our research team
sought to understand the breadth of factors relevant to DEOD
identified by clinical stakeholders from different acute care
areas as Phase 126 of this study. We built upon that effort for
this current Phase 2 by exploring the frequency with which
each of the factors identified in Phase 126 were perceived to
contribute to DEOD by those in different acute care areas and

clinical roles. Thus, Phase 2 was conducted to determine which
of the many sources of DEOD identified in Phase 1 should be
addressed first because of their frequency of occurrence, and
whether interventions should be tailored to different roles and
acute care areas due to differences in the most frequent con-
tributors to DEOD. The present manuscript describes our
findings from Phase 2.

Methods
Study design

Our group adopted a systems engineering approach (SEIPS)?
to understand and study work conditions that may lead to
diagnostic error. According to the SEIPS framework, errors are
thought to increase as conditions become more unfavorable, so
it is important to study socio-technical working conditions and
environments and their impact on work as opposed to focusing
on the individual absent the environment.”” Using this
approach, we conducted a sequential exploratory mixed meth-
ods study. In Phase 1% of this research, we identified acute care
providers’ perceptions of all sources of diagnostic error or delay
by conducting 11 focus groups with Intensive Care Unit, hos-
pital inpatient floor, and Emergency Department nurses, phy-
sicians, and advanced practice providers across a healthcare
system. We used the SEIPS framework to help develop and
organize questions for the moderator guide and asked partici-
pants about factors that impacted making a diagnosis including
when persons (eg, patients, providers) interact with tools and
technology (eg, electronic medical records), tasks, and the
internal environment (eg, protocols, policies, organizational
matters) (See Barwise et al?¢ for additional details about the
content of the focus groups.) For Phase 2, we developed a sur-
vey instrument to evaluate the frequency with which different
factors contribute to diagnostic error or delay by grouping the
sources of DEOD identified in Phase 126 into similar ideas and
themes. We next translated the ideas into statements that
would be conducive to survey-based rating and removed dupli-
cative or conceptually similar statements. We developed and
refined multiple iterations of the survey internally as a team
and subsequently pre-tested the survey in paper and electronic
formats with a small sample of acute care providers. We final-
ized the survey once no substantial content-related recommen-
dations for improvement were suggested. All study materials
and procedures were approved by the Mayo Clinic Institutional
Review Board (#18-007115).

The final version of the survey (Supplemental Figure S1)
consisted of 29 factors organized into 6 conceptually similar
groups: (1) “Organization and Infrastructure,” which
addresses availability of resources (eg, limited availability of
diagnostic tests, limits in institutional capacity); (2) “System
and Process,” which addresses breakdown in care processes
(eg, delays in lab results, difficulties obtaining outside medical
records); (3) “Care Team Interaction,” which addresses
relational dynamics amongst multidisciplinary providers
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(eg, miscommunication or poor communication, poor hand-
offs); (4) “Provider,” which addresses characteristics of the
provider (eg, physical or mental fatigue, limited clinical expe-
rience of key team members); (5) “Cognitive”; which addresses
cognitive errors made by the clinician during the diagnostic
process (eg, tendencies to accept diagnostic belief of col-
leagues, premature “narrowing in”); and (6) “Patient,” which
addresses contextual factors of the patient-clinician interac-
tion or aspects of the patient’s diagnosis that may lead to
DEOD (eg, high medical complexity, a very rare, or esoteric
diagnosis). The category “Patient factors” does not imply that
the patient themself has a role in the error. Although factors
were grouped, respondents were prompted to consider each
factor individually and to rate “how often” each factor “con-
tributes to diagnostic error or delay.” Response options were
based on a 5-point Likert-type scale, ranging from “never” to
“often.” Participants could also indicate if they were “unsure.”
For each item a respondent rated as occurring “often” they
were asked, “Do you believe there may be things (eg, providing
training; modifying systems or processes; or developing tools,
etc.) we could do to reduce the influence of this contributor?”
to which they could answer either yes or no. Those who selected
yes were then given the option of providing a free text response
to the question, “What suggestions do you have to reduce the
influence of ‘[factor]’?” All respondents were given the option
to list any other contributors they felt were not assessed.
Demographic data collected included clinical role (RN, physi-
cian, Nurse Practitioner/Physician Assistant (NP/PA), fellow,
resident, or other), unit referencing (eg, ICU, ED, floor, other),
and Mayo Clinic location. The final survey was loaded into a
REDCap303! data capture tool for web-based administration.

Setting

The survey was administered to staff at a large academic medi-
cal institution that is part of a health system enterprise consist-
ing of geographically diverse sites across the United States.
Due to the strain of the COVID-19 pandemic, we only
recruited staff from the largest site located in Rochester,
Minnesota. This site consists of 2 hospital campuses with

roughly 2000 hospital beds, which includes 213 ICU beds.

Sample

We sampled physicians, advanced practice providers (nursing
practitioners and physician assistants), and nurses in the
Intensive Care units, Emergency Department, and hospitalist
inpatient floor units at Mayo Clinic Rochester. We also
included Emergency Medicine residents and Critical Care fel-
lows. We targeted these groups using email-based distribution
lists, which are updated automatically to account for staft turn-
over. A few of the distribution lists received from departmental
leadership contained a small number of employees from other
Mayo Clinic sites. Staff from these other clinic sites were not

removed from the distribution lists, but we did not actively
seek distribution lists from the other clinic sites.

Data collection

We collaborated with institutional leaders to send a recruit-
ment email with an embedded video invitation encouraging
staff to participate in an online survey they would be emailed
“in the next week.” Approximately 1week later, our team sent
an email-based invitation with an anonymous survey link
embedded. Respondents could only access and complete the
survey when connected to the organization’s server (either on
campus or via VPN). We sent a follow-up request to complete
the survey via the same method ~2weeks later for the purpose
of encouraging initial non-responders to participate. The first
group received the survey link on August 27,2020, and the last
group received it on September 9, 2020. Data collection was
suspended for all groups on October 6, 2020. Participants did
not provide written informed consent as this would potentially
reveal the identity of participants. Completion of the survey
was inferred as consent.

Analysis

To obtain accurate denominators of the number of staff
recruited from the different areas, we exported the names and
credentials of all individuals on the distribution lists into Excel
files and removed duplicates at the time of survey administra-
tion. This excel file was not linked to the survey data, preserv-
ing anonymity of responders. Survey respondents were asked to
self-report their unit and role as part of the survey so that we
could calculate the number of respondents from each role and
area.

All responses were automatically recorded in a secure
REDCap database®®3! for exportation and analysis. The 29
items were partitioned into 6 thematic groups, specified a pri-
ori: Organization and Infrastructure, Care Team Interaction,
Systems and Process, Patient, Provider, and Cognitive factors.
For each thematic group, we calculated the percentage of
respondents that indicated the thematic group contributes to
DEQOD never, rarely, occasionally, sometimes, and often by
averaging the responses provided for all items belonging to the
same thematic group. Those who indicated they were “unsure”
were included in the denominator of total responses to calcu-
late the percentage of responses endorsing each of the 5 fre-
quencies of occurrence.

For each of the 29 items, Likert scale responses were trans-
lated to numeric scores. A summary score was created for each
group of items by computing the average numeric score for all
items belonging to the same group. Repeated Measures
Analysis of Variance (RM-ANOVA) assessed whether sum-
mary scores for the 6 groups differed. When evidence (at level
.05) of differences existed, we conducted all pairwise compari-
sons between the groups to evaluate if any of the individual
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Table 1. Respondent role and acute care location (N=220).2.

ROLE RESPONDENTS (RESPONSE RATE)
Physicians 69 (20.12%)
ICU attendings (144) 33 (22.9%)
ICU fellows (42) 4 (9.5%)
ED attendings (71) 15 (21.1%)
ED residents (26) 5 (19.2%)

Floor attendings (60) 12 (20.0%)

NP/PAs 35 (18.0%)
ICU (130) 19 (14.6%)
ED (10) 0 (0%)
Floor (54) 16 (29.6%)

Nurses 114 (10.4%)
ICU (289) 62 (21.5%)
ED (211) 14 (6.6%)
Floor (592) 38 (6.4%)

Other 1 (4.5%)
ICU (3) 1 (33.3%)
ED (3) 0 (0%)
Floor (16) 0 (0%)

The denominator for each group is in parentheses after the group’s name.
a0ne nurse who completed the survey listed their area as other and is not
represented in the Table.

comparisons were significant. A Bonferroni adjustment was
used to adjust for the multiplicity of these pairwise compari-
sons and suggested that for all pairwise comparisons, statistical
significance would be defined by P-values less than o.=.0033
(.05/15, for 15 pairwise comparisons).

Separate analyses sought to assess differences in group sum-
mary scores by unit/area (ICU, ED, Floor, and Other) and by
role (Attending physician, NP/PA, Nurse, Fellow physician,
Resident physician, and Other). For a given group, differences
by unit/area and role were assessed with Kruskal-Wallis tests. A
Bonferroni adjustment was also applied to the 6 factors
assessed; statistical significance was defined by P-values less
than a=.0083 (.05/6).

Data management and analysis were performed in SAS
Studio 3.8.32 Power calculations were performed in PASS 2021
Power Analysis and Sample Size Software.33

Results
Respondent characteristics
We emailed the survey link to 1651 individuals and obtained

responses from N =220 (13.3%)—response rate varied by profes-
sional role (see Table 1). A small number of employees from other

Mayo Clinic locations (included in the distribution lists) com-
pleted the survey (n=3 from Mayo Clinic Health System ED,
n=1Mayo Clinic Health System floors,n=1 reported their loca-
tion as other). Their responses were included in the analyses.

Perceived frequency of contributors to DEOD

Care Team Interaction factors, System and Process factors, and
Patient factors were perceived to contribute to DEOD with
similar frequency. These 3 factors were perceived to contribute
to DEOD sometimes or often by 32.6%, 31.8%, and 31.6% of
respondents respectively. Organization and Infrastructure fac-
tors and Provider factors received less endorsement for contrib-
uting to DEOD sometimes or often. See Table 2 for overall
reported frequencies. Frequencies reported by floor are availa-
ble in a Supplemental Table S2.

Pairwise comparisons

Pairwise comparisons revealed that only Organization and
Infrastructure factors were perceived to contribute to DEOD
significantly less often than each of the other 5 factors. See
Table 3. Further, inpatient settings did not differ in their per-
ceptions of the frequency with which the 6 factors contributed
to DEOD (see Supplemental Table S3).

To determine whether we had a sufficient sample size to
detect differences between roles, we conducted a post-hoc
power analysis comparing role groups. Group sample sizes of
114 (nurses) and 60 (attending physicians) would achieve 90%
power to reject the null hypothesis of equal means when the
population mean difference is .52 with alpha of .05, with a
2-sample #-test (2-sided). Similarly, with the same power and
alpha levels, group sample sizes of 114 (nurses) and 35 (NPPAs)
can detect a mean difference of .64 or more, and group sample
sizes of 60 (attending physicians) and 35 (NP/PAs) can detect
a mean difference of .70 or more. Exploration of differences by
role revealed that only the frequency with which Cognitive fac-
tors were perceived to contribute to DEOD varied by role
(M=2.7 for fellows, M=2.7 for other, M=2.5 for attending
physicians, M= 2.5 for residents, M= 2.1 for nurses, and M=2.0
for NP/PA’s) (see Supplemental Table S3).

To determine whether we had sufficient sample size to
detect differences between hospital area, we conducted a post-
hoc power analysis comparing acute care sites. Group sample
sizes of 119 (ICU) and 66 (floor) would achieve 90% power to
reject the null hypothesis of equal means when the population
mean difference is .50 with alpha of .05, with a 2-sample #-test
(2-sided). Similarly, with the same power and alpha levels,
group sample sizes of 119 (ICU) and 34 (ED) can detect a
mean difference of .63 or more, and group sample sizes of 66
(floor) and 34 (ED) can detect a mean difference of .69 or
more. Inpatient settings (eg, ED, inpatient floors,and ICU) did
not differ in their perceptions of the frequency with which the
6 factors contributed to DEOD (see Supplemental Table S4).
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Table 2. Perceived frequency of factor contributions to DEOD.

FACTOR SCALE

PERCENTAGE OF RESPONDENTS INDICATING FREQUENCY

UNSURE (%) NEVER (%) RARELY (%)  OCCASIONALLY (%)  SOMETIMES (%) OFTEN (%)
Organization and infrastructure 0.68 14.32 41.25 22.16 16.14 5.45
System and process 2.27 4.47 30.53 30.98 23.64 8.11
Care team interaction 0.53 3.79 32.73 30.38 25.23 7.35
Provider 3.34 5.08 37.38 31.39 1713 5.69
Cognitive 3.18 4.09 30.76 32.42 19.85 9.70
Patient 216 2.84 29.77 33.64 22.95 8.64

Table 3. Comparative importance with which factors contributed to DEOD.

CONTRAST ESTIMATE 95% CI P-VALUE
Organizational and infrastructural vs system and process -0.542 (-0.68, —0.41) <.001
Organizational and infrastructural vs care team and process -0.41a (-0.55, -0.28) <.001
Organizational and infrastructural vs provider -0.422 (-0.56, —0.29) <.001
Organizational and infrastructural vs cognitive -0.612 (-0.74, -0.47) <.001
Organizational and infrastructural vs patient -0.582 (-0.72, -0.44) <.001
System and process vs care team and process 0.13 (-0.01, 0.27) .063
System and process vs provider 0.12 (-0.02, 0.26) .085
System and process vs cognitive -0.06 (-0.20, 0.07) .366
System and process vs patient -0.04 (-0.17,0.10) .605
Care team and process vs provider -0.01 (-0.15, 0.13) .891
Care team and process vs cognitive -0.19 (-0.33, -0.06) .006
Care team and process vs patient -0.17 (-0.30, -0.03) .018
Provider vs cognitive -0.18 (-0.32, -0.05) .009
Provider vs patient -0.16 (-0.29, -0.02) .025
Cognitive vs patient 0.03 (-0.11, 0.16) .699

aBonferroni adjusted P value of P <.003.

Open ended text analysis reviewed the key solutions proposed across factors to look for

L ) commonalities and met to discuss the final overarchin es of
Because the quantitative findings revealed that System and . . . ) gtyp .
. . . solutions they each identified. Through collaborative discussion,
Process, Care Team Interaction, Provider, Cognitive, and

Patients Factors were reported to contribute to DEOD with

similar frequency, we explored the open-ended responses pro-

the researchers reached an agreement that the following 4 cat-
egories best exemplified the proposed solutions: (1) technologi-

vided by those who suggested solutions for items that com- cal solutions (eg, “Easier to graph different items at the same

prised each of these 5 factors. Each participant could provide
open-ended responses for each item they indicated as contrib-

time. . .,” “texting options like secure chat”); (2) organization-level
fixes, such as staffing (eg, “Tmprove staffing, change the way day/

uting to diagnostic error or delay “often,” which produced 223 night staff are scheduled so they have a more consistent day-night

open-ended responses for analysis.

Once we had identified key types of proposed solutions for
each factor, we explored the types of solutions that were pro-
posed across multiple factors. Two researchers independently

routine”), providing staff education, role designation, and task
allocation (eg, “ . .One service should place orders.”); (3) ensuring
staff know their role and are allowed, trusted, and expected to
work to the full scope of it (eg, “ . .zhere is a general lack of
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Table 4. Examples of the key types of solutions proposed.

TECHNOLOGICAL
SOLUTIONS

ORGANIZATION LEVEL FIXES

INDIVIDUALS KNOW
ROLE AND ARE

ALLOWED/EXPECTED TO
WORK TO FULL SCOPE
OF IT

CULTURE OF COLLABORATION
AND RESPECT

Factor

System “Altering EMR to “Ensuring that each ICU has a

and provide a ‘heads up’ designated person in charge of

process display similar to retrieving outside medical records
AWARE [an and obtaining Care Everywhere
institutionally permissions for new patients”
developed EMR
interface]. Can
identify most key
elements very
quickly”

Care team  “Use technology “. . . education in clear and direct

interaction  available that communication. . .”
enhances closed
loop communication”  “IPASS? hand off training. . .”

Provider “Increase use of “Educational initiatives to make
telemedicine for sure everyone is aware of
consulting cognitive biases and ways to
specialist. . .” combat them.”

Cognitive “something like “Ensure call schedules are
‘Isabel’ where your optimized to maintain as much
symptoms listed in continuity as possible; staggering
your note would give when different trainees change
you the top 10 rotations (ie, right now, residents,
diagnoses list” fellows, and APPs may all change

to a new team on the same day)”

Patient “. . .more time to “. . .Getting interpreters has

review records (in an
easier platform than
Epic [the current
EMR]).”

become an issue, with reliance on
[sic.] iPad translators. Some
services are difficult to engage
(social work) for example, on
holidays, weekends, and night
shifts.”

“As an APP[advanced
practice provider], there
should be more trust in
experienced APPs (we
should not have to report
to the consultant for
every minor decision
being made)”

“make sure everyone
knows their role and is
taking an active part in
patient care”

“assure there is the
correct model of the care
team balancing
supervision and
independence.”

“night residents have to
be able to make
decisions about care and
make orders, they tend to
‘wait till morning when

n

the team gets here’,

“Increased resident training on
failure to rescue and a culture
improvement to diminish the fear
of retribution [sic.]. | often hear
from general care and ICU RN'’s
that there is pushback when
concerns are raised and
residents appear apprehensive
or fearful to contact consultants.”

“requiring more structured
multidisciplinary team care
meetings”

“have staff be more
approachable and less ‘attitude’
when bringing something to their
attention IE: low urine output. It
is our protocol to notify service
of a urine output <30 for
2hours”

“remind team members of the
importance of speaking up if
they think something is amiss”

“bounce off cases with
colleagues available”

a|PASS stands for illness severity, patient summary, action list, situational awareness and contingency planning, and synthesis by receiver. It provides a structured way of

doing handoffs.34

accountability that would be improved by everyone knowing the
roles and being expected to work fo their full scope. . .”); and (4)
cultivating a culture of collaboration and respect (eg, “improve
Jface to face communication: talking through notes is bad,” “Nursing

» «

involvement in rounds,” ‘everyone gets a chance to talk. . .”). See

Table 4 for additional examples of each category of solution.

Discussion

The present study was Phase 2 of a sequential mixed-methods
study designed to identify which of the contributors to DEOD
identified in Phase 1% were perceived to most frequently contrib-
ute to DEOD across acute care settings and clinical roles. Our
survey revealed that System and Process, Care Team Interaction,
Provider, Cognitive, and Patient factors were perceived to con-
tribute to DEOD with similar frequency, while Organization

and Infrastructure factors were perceived to contribute to DEOD
significantly less often. There were no differences across acute
care areas. Our findings are consistent with past research suggest-
ing multiple factors often contribute to DEOD,”182* and revealed
that work processes (the interaction between different organiza-
tion components as described by the SEIPS 2 model®) were per-
ceived as more important sources of DEOD than organization
and infrastructure. This aligns with past research using the
DEER taxonomy that emphasizes the importance of considering
sources of error within the diagnostic process.!%17:1821 Qur find-
ings also suggest that addressing organizational and infrastruc-
tural factors may be less productive in reducing diagnostic error or
delay given their smaller role, but it is unclear to what extent this
finding applies to settings outside of the well-resourced, academic
medical center in which this survey was conducted.
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There was generally agreement across clinical roles on the
most frequent sources of DEOD. However, physicians perceived
cognitive factors to more frequently contribute to DEOD than
those in other roles. This may reflect that making a diagnosis or
determining treatment has traditionally been viewed as a physi-
cian level task.® This aligns with other research in which cogni-
tive errors were most often identified as a source of missed
diagnosis in the Emergency Department when exploring cases
that mostly involved MDs (only 10% of the cases reviewed
involved nurses).” However, although physicians perceived cog-
nitive errors to contribute to DEOD more frequently than those
in other roles, it is important to note that cognitive errors were
perceived to contribute to DEOD with similar frequency as sys-
tem and process, care team and process, and patient factors in
alignment with situated cognition theory, which suggests clinical
decisions are not made as isolated thoughts but are impacted by
different aspects of the environment.30

Our findings reinforce that preventing and reducing DEOD

will require targeting multiple sources®?® and participants’

open-ended responses offer insights into a potential multi-
pronged approach. Health care organizations and unit leader-
ship should strive to promote a culture of collaboration and
respect amongst care team members that facilitates open dis-
cussion, especially across hierarchical roles,* and ensure all care
team members know what their role is and trust and expect
others to work to the full scope of it. Organizations should also
ensure units and staff have the resources they need to operate
effectively (eg, optimizing staff scheduling, providing staff with
education on key topics). Technological solutions that refine
and leverage existing technology may also be important for
improving environmental factors in which decision are made.3

Many of the aforementioned potential solutions have been
previously identified and recommended by other researchers3>37:38
and the Committee on Diagnostic Error in Health Care in their
2015 report.® Specifically, a shift away from a physician as the
primary diagnostician to a “diagnostic team” that engages indi-
viduals across roles,>** use of technology in a way that helps
instead of hinders diagnosis,?3” providing proper education,® and
giving attention to staffing®38 have all been mentioned as poten-
tial ways of reducing diagnostic error. This adds further credibility
to our findings and suggests the next step may be preliminary
testing and evaluation of some of these solutions.

Implementing these types of solutions will require action at
both the organizational and individual level'»¥ due to the
interconnectedness of various contributors to DEOD. For
instance, improved staffing may provide care team members
with more time for collaboration and open communication, but
care team members will need to actively adopt a more collabo-
rative approach and physician buy-in may be particularly
important. Many of the open-ended responses we reviewed
suggested nurses should be included more in the patient’s care
plan and a need for more openness to their concerns. Evidence
suggests that physicians may perceive greater physician-nurse
teamwork than nurses for similar interactions,® and nurses

may take passive, carefully considered approaches when high-
lighting physician errors.* Thus, making staft aware of per-
ceived interpersonal barriers may be important. This finding
also underscores the importance of eliciting feedback from
those in different roles who may perceive interpersonal dynam-
ics differently.

Strengths and Limitations

The present study sought to understand the diverse causes of
DEOD using the SEIPS framework to guide a rigorous approach
of qualitatively identifying all potential causes of DEOD (Phase
1),% followed by a survey to determine the frequency with which
each source of error identified in Phase 1 contributes to DEOD
(Phase 2). We surveyed acute care providers across roles and set-
tings to determine whether frequent causes of DEOD differ by
acute care area and clinical role with implications for whether
interventions need to be tailored accordingly. As part of the sur-
vey, many respondents also offered open-ended solutions for
addressing what they perceived to be frequent contributors to
DEOD. This approach represents both a strength and limitation.
Asking participants to reflect on potential frequent sources of
DEOD gives diverse providers an opportunity to share why they
think diagnostic errors occur instead of leaving this interpretation
to a small number of reviewers.1%182> However, providers them-
selves may oftentimes not be aware a DEOD has occurred.*!
Thus, the strength of our findings comes from incorporating pro-
viders’ perspective into the existing robust body of research in this
area to provide an additional perspective on sources of DEOD
across settings and roles.

The diversity of stakeholders surveyed increases our confidence
in the applicability of our findings; however different roles were
not equally represented in the responses. Only a small number of
residents and fellows completed the survey, so it is unclear to what
extent our findings apply to physician learners; therefore, the
results should be interpreted with caution when extrapolating to
other residents and fellows. Furthermore, nurses’low response rate
might reflect that the survey link could only be opened over the
health system’ virtual private network (VPN) because nurses may
be less likely to use VPN access outside of the hospital compared
to their physician and NP/PA colleagues. Thus, nurses may have
only been able to complete the survey during their clinical work
hours when they had competing clinical demands. Furthermore,
the modest response rate overall may reflect that the survey was
administered during a time of heightened clinical burden due to
the COVID-19 pandemic. Thus, it is unclear to what extent par-
ticipants’ responses were representative of their colleagues or
impacted by the pandemic environment.

Due to the anonymous nature of the survey, we were not able
to compare characteristics of those who responded to those who
chose not to. As a result, it is unclear to what extent the findings
may be skewed by non-response bias; a concern previously raised
by survey research on medical error.38 We had initially intended to
conduct the survey among care team members from sites across

the healthcare enterprise; however, the strain that the COVID-19
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pandemic placed on acute care capacity and the workforce and
acute COVID-19 surges occurring at some sites impacted research
capabilities generally and our ability to conduct the survey as origi-
nally planned. Thus, our recruitment efforts were limited to 1 site.
As a result, it is unclear to what extent the present findings can be
generalized to other sites. Specific characteristics of the healthcare
system capacity, resources, processes, practices, and procedures
may limit generalizability to other institutions.

Implications and Future Directions

Our findings echo the importance of a multi-component
approach to reduce DEOD and offer 4 types of potential solu-
tions that may help. It is unclear to what extent these potential
solutions may be universal or specific to the site in which this
research was conducted. However, we have some confidence in
their applicability given their alignment with previous sugges-
tions.3>37:42 They also may offer others’ideas about different types
of solutions they could test in their own setting, particularly if a
site has only tried to address certain contributors to DEOD.
Nonetheless, others will need to evaluate the applicability of the
sources of DEOD and potential solutions we identified in their
own setting. Additionally, our findings highlight the importance
of eliciting open-ended feedback to help identify possible solu-
tions to clinical problems, which can elucidate key areas where
reform is needed and reveal needs that may not be apparent from
survey items alone (eg, more receptivity to nurses’ concerns).

Conclusions

To identify the importance of different contributors to DEOD
in the acute care setting, we surveyed acute care providers across
areas and roles. Acute care providers reported that Care Team
Interaction, Systems and Process, Patient, Provider, and
Cognitive Factors similarly contribute to DEOD. This finding
held true across clinical care settings (inpatient floors, ICU, and
ED). Moreover, only Cognitive factors were perceived to con-
tribute to DEOD at different frequencies across roles: physi-
cians rated the frequency with which Cognitive factors
contribute to DEOD higher than other care team members.
Several of the solutions offered by care team members to
address the frequent sources of DEOD could be categorized as
technological solutions, organization level fixes, ensuring staff
know and are encouraged to work to the full scope of their role,
and cultivating a culture of collaboration and respect. Our find-
ings suggest multiple areas for improvement to help reduce
DEQOD and offer starting points for future intervention.
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