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Abstract

Objective: To reliably improve diagnostic fidelity and identify delays using a standardized approach
applied to the electronic medical records of patients with emerging critical illness.
Patients and Methods: This retrospective observational study at Mayo Clinic, Rochester, Minnesota,
conducted June 1, 2016, to June 30, 2017, used a standard operating procedure applied to electronic
medical records to identify variations in diagnostic fidelity and/or delay in adult patients with a rapid
response team evaluation, at risk for critical illness. Multivariate logistic regression analysis identified
predictors and compared outcomes for those with and without varying diagnostic fidelity and/or delay.
Results: The sample included 130 patients. Median age was 65 years (interquartile range, 56-76 years),
and 47.0% (52 of 130) were women. Clinically significant diagnostic error or delay was agreed in 23
(17.7%) patients (k¼0.57; 95% CI, 0.40-0.74). Median age was 65.4 years (interquartile range, 60.3-74.8)
and 9 of the 23 (30.1%) were female. Of those with diagnostic error or delay, 60.9% (14 of 23) died in the
hospital compared with 19.6% (21 of 107) without; P<.001. Diagnostic error or delay was associated with
higher Charlson comorbidity index score, cardiac arrest triage score, and do not intubate/do not resus-
citate status. Adjusting for age, do not intubate/do not resuscitate status, and Charlson comorbidity index
score, diagnostic error or delay was associated with increased mortality; odds ratio, 5.7; 95% CI, 2.0-17.8.
Conclusion: Diagnostic errors or delays can be reliably identified and are associated with higher co-
morbidity burden and increased mortality.
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V ariations or deviations in diagnostic
fidelity are contributors to avoidable
illness. The accurate and timely deliv-

ery of treatment within a critical period
improves patient outcomes.1-3 Diagnostic er-
rors and delays are forms of deviation from
diagnostic fidelity. Autopsy studies have iden-
tified diagnostic errors in 10.0% (10 of 100) to
38.7% (36 of 93) of deaths.4,5 The Institute of
Medicine (IOM) defined diagnostic error as
2-fold: the failure to establish an accurate
and timely explanation of the patient’s health
problem or communicate that explanation to
the patient.1

Delayed or incorrect medical management
leads to unintended injuries, classified as
serious adverse events.6 In the United States,
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Canada, Europe, and Australia, these occur
at a rate of up to 18% amongst hospitalized
patients, with patients exhibiting physiologic
deterioration before the event.7,8 Early warn-
ing systems have been developed to identify
these deteriorations and rapid response sys-
tems for timely evaluation and interven-
tions.8-12 Up to 31.4% (114 of 364) of
clinical deteriorations requiring rapid response
system activations have been attributed to
medical errors, 67.5% (77 of 364) of which
were related to diagnostic error or delay.13

The landscape of diagnostic fidelity,
including identifying errors and delays, re-
mains a largely understudied area in health
care.1 Standardized measurement tools are
lacking and processes for reporting errors or
ps://doi.org/10.1016/j.mayocpiqo.2019.06.001
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near-misses remain underdeveloped. The lack
of consensus agreement on definitions for er-
rors and delays and the complexities related
to the cognitive and systems-based failures
involving the care of the critically ill patient
are attributed to the lack of standardization.14

The goals of this study were to use the
electronic medical record to establish a reliable
method for identifying variations in diagnostic
fidelity through identification of errors and
delays in patients with emerging critical
illness. Additionally, the goal was to identify
predictors and evaluate the impact on out-
comes. The central hypothesis was that in
the nontrauma critically ill adult patient, vari-
ations of diagnostic fidelity could be reliably
identified by using a standardized approach
to classifying error and delay that applies a
taxonomy-based approach for reviewing elec-
tronic medical records. Furthermore, it was
hypothesized that patients for whom there
was variation in diagnostic fidelity would
have worse outcomes.
PATIENTS AND METHODS

Setting and Study Design
This was a single-center retrospective observa-
tional study conducted at Mayo Clinic in
Rochester, Minnesota (MN), between June 1,
2016, and June 30, 2017. The study protocol
was reviewed and approved by the Mayo
Clinic Institutional Review Board. Mayo Clinic
in Rochester, MN, is an academic tertiary
referral center that has approximately
129,500 admissions per year. The rapid
response team (RRT) system was instituted at
Mayo Clinic in 2007 and involves a team led
by a critical care fellow, critical care respiratory
therapist, and intensive care unit (ICU) nurse
with supervision from an on-site board-
eligible or board-certified intensivist. For refer-
ence, criteria for RRT activation are outlined in
Supplemental Table 1 (available online at
http://mcpiqojournal.org).

A previous study at our institution identi-
fied patients who had a rapid response system
call from January 1, 2012, to December 31,
2012, who were older than 18 years and had
prior research authorization.9 A database was
established at the time of this study identifying
all patients with an RRT call. This database
was populated with information including
Mayo Clin Proc Inn Qual Out n September 2019
patient demographic characteristics, physio-
logic variables, reason for RRT call, time of
day of RRT call, disposition following RRT
call, and patient outcomes. These patients
exhibited deteriorations before the event of
the RRT call. Thus, this trigger served as the
identification point of deterioration whereby
diagnostic fidelity could be retrospectively
reviewed.

For purposes of this study, a subset of
130 patients was selected from the RRT data-
base for a detailed retrospective electronic
medical record review (Figure). This sample
was identified sequentially as the first 130 pa-
tients of the RRT database. Because manual
chart review by clinicians was required and
a significant proportion of time was antici-
pated for this careful review, we elected to
take a pragmatic approach and selected this
limited sample of 130 patients (w10% of
the database).

Inclusion Criteria
Individuals 18 years or older admitted to the
hospital who met RRT criteria as outlined in
Table 1 were included. Patients were also
included if an RRT call was placed based on
the judgment of nursing staff without having
met institutional criteria.

Exclusion Criteria
Individuals younger than 18 years, those
admitted with evidence of trauma, and those
who did not have prior documented research
authorization were not included.

Classifying Variation in Diagnostic Fidelity
Variations in diagnostic fidelity take the form
of errors or delays. For this study, recommen-
dations from IOM were used to develop our
definition of diagnostic error and delay1:

d Diagnostic error is defined as a failure to
establish an accurate diagnosis or failure to
communicate the diagnosis in medical
records

d Diagnostic delay is the failure to establish a
timely explanation of the patient’s health
problem and communicate it in the medical
records

Variation in diagnostic fidelity is interpreted
to exist if reviewers identified errors and/or de-
lays in the diagnostic process. The identification
;3(3):327-334 n https://doi.org/10.1016/j.mayocpiqo.2019.06.001
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1302 patients in 2012 RRT database

Exclusions: 2 patients
without prior research

authorization

130 patients selected as a convenience sample for detailed
retrospective chart review

23 (17.7%) patients with diagnostic error or delay

AN APPROACH TO IMPROVING DIAGNOSTIC FIDELITY
of errors and/or delays was standardized using a
taxonomy approach, previously described by
Schiff et al15 and reproduced with permission
in Supplemental Table 2, available online at
http://mcpiqojournal.org. This approach was
designed to identify at what point in the diag-
nostic process errors or delays occurred and
alsowhat those errors or delayswere. If reviewers
identified errors, these were further classified
into major (types I and II) or minor (types III
and IV) errors based on the modified Goldman
classification system (Supplemental Table 3,
available online at http://mcpiqojournal.
org).4,16 A significant error was one that would
fall under major (types I and II) classification.
12 (9.2%) with diagnostic
error

17 (13.1%) with diagnostic
delay

FIGURE. Representation of selected study cohort. RRT, rapid response
team.
Developing a Standard Operating Procedure
A standard operating procedure (SOP; see
Supplemental Appendix, available online at
http://mcpiqojournal.org) was developed for
detailed review of the electronic medical re-
cords of the study population. The time and
date of the RRT call was used to identify the
relevant hospital encounter for each patient.
The entire encounter, including clinical notes,
laboratory results, imaging, vital signs, and
nursing assessments from initial presentation
to discharge, was included as part of the re-
view process.
Approach
Two critical care fellows were provided with
the SOP to guide the process of independent
reviews. The purpose of the review process
was to identify diagnostic error or delay as a
reflection of variation in diagnostic fidelity.
The review process was initially tested in a
sample of 10 randomly selected patients
outside of the study sample before application
to the study sample. Reviewers were asked to
make a judgment on whether diagnostic error
or delay was present at the time of the RRT
call. Errors that were identified were then
further classified using the modified Goldman
classification.16 Delays were subclassified by
time ranges of less than 2 hours, 2 or more
to 6 hours, 6 or more to 18 hours, and 18
or more to 24 hours. When fellows disagreed
on conclusions regarding the presence of diag-
nostic error or delay, senior critical care clini-
cians acting as final arbitrators reviewed each
of these encounters and categorized
Mayo Clin Proc Inn Qual Out n September 2019;3(3):327-334 n htt
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accordingly. Final analysis was performed after
arbitration.

Last, reviewers were asked to form a
retrospective impression of the clinical syn-
drome and whether predefined critical diag-
nostic and therapeutic information were
provided for the syndrome identified.
Because this interpretation was formed in
hindsight to the best judgment of the
reviewer, this was not used for identification
of error or delay.
Outcomes
The primary outcome of interest was in-
hospital mortality, and the secondary outcome
was hospital length of stay.
Statistical Analyses
All categorical variables are reported as per-
centages. All continuous variables are reported
as median with interquartile range (IQR) or
mean � standard deviation as appropriate.
Chi-square and Wilcoxon rank sum tests
were used to compare baseline characteristics
ps://doi.org/10.1016/j.mayocpiqo.2019.06.001 329
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TABLE 1. Patient and RRT Call Characteristicsa

Characteristics
Variation in Diagnostic Fidelity

(error or delay) (N¼23)
No Variation in Diagnostic Fidelity
(no error or delay) (N¼107) Pb

Age (y), median (IQR) 65.4 (60.3-74.8) 66.1 (54.0-77.1) .37

Female sex, N (%) 9 (39.1) 52 (48.6) .40

Primary reason for RRT call, N (%)c

Tachycardia 1 (4.3) 24 (22.4) .30
Altered level of consciousness 6 (26.1) 20 (18.7)
Hypotension 7 (30.4) 22 (20.6)
Respiratory distress 3 (13.0) 10 (9.3)
Chest pain 2 (8.7) 8 (7.5)
Hypertension 1 (4.3) 4 (3.7)
Oxygen saturation <90% 3 (13.0) 7 (6.5)
Otherd 0 (0.0) 12 (11.2)

Disposition after RRT, N (%)
Intensive care unit transfer 17 (73.9) 33 (30.8) <.001e

Remained on unit 6 (26.1) 74 (69.2) <.001e

RRT shift, N (%)
12:00 AM-7:59 AM 9 (39.1) 31 (29.0) .62
8:00 AM-3:59 PM 8 (34.8) 41 (38.3)
4:00 PM-11:59 AM 6 (26.1) 35 (32.7)

Code status, N (%)
Full code 15 (65.2) 84 (78.5) .18
Do not intubate/do not resuscitate 8 (34.8) 23 (21.5)

Charlson comorbidity index score, median (IQR) 5 (2-7) 2(0-5) .02e

Cardiac arrest triage score, median (IQR) 17 (12-26) 12 (4-21) .01e

APACHE III score 1 h after intensive care unit admission, median (IQR) 48 (41.5-69.5) 51 (40-64.5) .89

Vital signs immediately before RRT activation, median (IQR)
Oxygen saturation, % 95 (90-97) 94 (90-98) .76
Respiratory rate, breaths/min 22 (20-29) 18 (16-24) <.001e

Systolic blood pressure, mm Hg 108 (83-130) 115 (91-137) .28
Diastolic blood pressure, mm Hg 52 (42-67) 67 (53-84) .01e

Heart rate, beats/minf 90 (70-99) 84 (72-97) .86

aAbbreviations: APACHE III, Acute Physiology, Age, Chronic Health Evaluation III; IQR, interquartile range; RRT, rapid response team.
bWilcoxon rank sum test was used for continuous variables; Pearson c2 test was used to compare categorical variables.
cFreeman-Halton extension of Fisher exact test was used.
dOther reasons include bradycardia, 5 patients; lethal arrhythmia, 1 patient; respiratory depression, 1 patient; seizure, 2 patients; staff concern, 1 patient; stroke symptoms, 1
patient; unspecified, 1 patient.
eStatistically significant.
fMissing heart rate measurements: 57 patients.
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and outcome data across diagnostic fidelity
groups. Multivariate logistic regression was
used to identify predictors of error or delay.
Agreement among reviewers for identifying er-
ror and/or delay is reported as a percentage,
with interrater reliability further assessed using
k agreement statistics. The 95% CIs are re-
ported, and 2-sided P<.05 was considered sta-
tistically significant for the purpose of this
study. All statistical analysis was performed
using JMP statistical software (version 9.0;
SAS Institute Inc).
Mayo Clin Proc Inn Qual Out n September 2019
RESULTS
A total of 130 electronic medical records were
reviewed by 2 critical care fellows to evaluate
variation in diagnostic fidelity through identi-
fication of error and/or delay at the time of
RRT evaluation. A total of 23 (17.7%) patients
were identified as having a clinically significant
error or delay at the time of the RRT call or
leading up to the time of the RRT call. These
included 12 (9.2%) who had diagnostic error
and 17 (13.1%) with diagnostic delay. Some
patients were identified as having both
;3(3):327-334 n https://doi.org/10.1016/j.mayocpiqo.2019.06.001
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TABLE 2. Identified Areas of Diagnostic Error and/
or Delay

Where Along the Diagnostic
Process Did the Error or

Delay Occur?
Reviewer

A
Reviewer

B

Access/presentation 2 0

History 4 2

Physical examination 2 1

Tests (laboratory/radiology) 5 4

Assessment 7 13

Referral/consultation 3 3

Follow-up 0 1

AN APPROACH TO IMPROVING DIAGNOSTIC FIDELITY
diagnostic error and delay and thereby crossed
over groups. Baseline characteristics of our
convenience sample, including median age,
Charlson comorbidity index score, Acute
Physiology, Age, Chronic Health Evaluation
(APACHE III) score 1 hour after ICU admis-
sion, and sex, are outlined in Table 1.

The median age for patients with error or
delay was 65.4 (IQR, 60.3-74.8) years
compared to 66.1 (IQR, 54.0-77.1) years in
those without error or delay. There was no sta-
tistical difference across the 2 groups with re-
gard to time of RRT call, code status, and
APACHE III score 1 hour after ICU admission.
However, patients with a higher Charlson co-
morbidity index score (P¼.02) and cardiac ar-
rest triage score (P¼.01) were statistically
more likely to have variations in diagnostic fi-
delity in the form of error or delay. Addition-
ally, these patients were more likely to transfer
to the ICU (P<.001) after the RRT evaluation.

Incidence of Variation in Diagnostic Fidelity
Table 2 identifies areas in the diagnostic process
in which the primary reviewers identified error
or delay. These factors contributed to judg-
ments regarding diagnostic fidelity. Diagnostic
error (type I and II error) or delay were identi-
fied in 23 of 130 (17.7%) individuals. Error
without delay was identified in 12 of 130
(9.2%) individuals, and delay without error,
in 17 of 130 (13.1%) individuals.

Hospital Mortality and Length of Stay
Fourteen of 23 (60.9%) patients with varia-
tions in diagnostic fidelity, identified as error
or delay, died in the hospital. In patients for
whom no variation in diagnostic fidelity was
identified, only 21 of 107 (19.6%) died in
the hospital; P<.001. When this mortality
was adjusted for predictors such as age, do
not intubate/do not resuscitate status, and
Charlson comorbidity index score, we noticed
a markedly increased association of dying in
the hospital: odds ratio, 5.7; 95% CI, 2.0-
17.8. For patients with an error or delay, the
median hospital stay was 4 (IQR, 2-7) days,
compared with 2 (IQR, 2-4) days; P¼10.

Interrater Reliability of Identifying Variations
in Diagnostic Fidelity
Following final arbitration, the observed
agreement was calculated for the categories
Mayo Clin Proc Inn Qual Out n September 2019;3(3):327-334 n htt
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of error without delay, delay without error,
and error or delay. For error without delay,
agreement was identified with a calculated k
coefficient of 0.48 (95% CI, 0.22-0.74). In
terms of delay without error, observed agree-
ment was also identified with a k coefficient
of 0.61 (95% CI, 0.43-0.78). For observed
agreement for error or delay, a k coefficient
of 0.57 (95% CI, 0.40-0.74) was identified.
DISCUSSION
This retrospective observational study used an
SOP to retrospectively evaluate the electronic
medical record and identify variations in diag-
nostic fidelity. Diagnostic fidelity was further
classified as error or delay. This approach reli-
ably identified error or delay in 17.7% (23 of
130) of our cohort. There was moderate agree-
ment among senior critical care clinicians in
the classification of error or delay. Patients
identified as having error or delay had signifi-
cantly higher Charlson comorbidity index and
cardiac arrest triage scores, as well as greater
adjusted odds of dying in the hospital.

Studies to date that relate to diagnostic fi-
delity and identification of error and delay
have largely focused on autopsy assessments,
morbidity and mortality reviews, adverse
event reporting, malpractice litigation, and
largely unsystematic feedback methodolo-
gies.15-18 Classification systems for diagnostic
error described in the literature include the
Goldman et al4 classification system of major
and minor errors. Other classification systems
use descriptions such as no-fault errors,
system-related factors, and cognitive errors.19

Autopsy-based studies report that diagnostic
error contributes to approximately 10%
ps://doi.org/10.1016/j.mayocpiqo.2019.06.001 331
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(10 out of 100) to 38.7% (36 out of 93) of pa-
tient deaths.4,5 Our study applies a standard-
ized approach to identify variations in
diagnostic fidelity identified as error and/or
delay using the electronic medical record.
This approach was feasible and able to identify
error or delay in 17.7% (23 of 130) of the
cohort and error without delay in 9.2% (12
of 130). Additionally, in this study, having
an error or delay increased the chance of dying
almost 6-fold compared with not having an er-
ror or delay.

Measurement of variations in diagnostic fi-
delity is important for establishing the magni-
tude and nature of the problem, determining
the causes and risks, evaluating the effective-
ness of diagnostic interventions, assessing
skills in education and training, and establish-
ing accountability.2 A lack of consensus for
definitions of error and delay and a lack of
standardized measurement processes limits
the analysis of contributing factors on patient
outcomes. The IOM defines diagnostic error,
using a patient-focused approach, as a failure
to establish an accurate and timely explanation
of the patient’s health problem or failure to
communicate that explanation to the pa-
tient.1,3 Ultimately, a variation in diagnostic fi-
delity affects the patient more than the
clinician and thus for this study, we focused
our definitions of error on the IOM’s patient-
focused definition and adapted it to further
define delay.

Advancement of the electronic medical re-
cord in health care systems provides an oppor-
tunity to better understand the timeline of a
patient’s clinical course and diagnosis. It also
acts as a portal for providers to communicate
the diagnosis. The modern electronic medical
record has the ability to capture and record
physiologic and diagnostic parameters
throughout a patient’s hospitalization. Thus, it
has been used to identify adverse events that
trigger interventions that improve patient out-
comes.20-24 Using the electronic medical record
to screen for diagnostic fidelity in the futuremay
provide an opportunity to develop a system that
identifies errors and/or delays before the occur-
rence of adverse events or outcomes. Identifying
patient characteristics for those at risk for varia-
tions in diagnostic fidelity can guide the devel-
opment of alerts and triggers prospectively
applied to the electronic medical record.
Mayo Clin Proc Inn Qual Out n September 2019
Our study provides a standardized
approach evaluating variation of diagnostic fi-
delity in terms of error and delay. Applying
this retrospectively to the electronic medical
record identified patients with greater odds
of dying in the hospital. The purpose of this
study was to assess the reliability and internal
validity of this methodology. Identifying varia-
tions in diagnostic fidelity are important. It
provides opportunities for learning, imple-
mentation of change, and improvement in
clinical performance that ultimately affect
patient outcomes. Even with a standardized
process, identifying variations in diagnostic fi-
delity remains challenging. A broad definition
categorizing errors or delays together ad-
dresses the possibility of error leading to delay
or vice versa.

Limitations
This study has several limitations. The data are
limited by the retrospective nature. Interpreta-
tions of the medical record including provider
documentation are limited and subject to
hindsight bias. The reviewers are interpreting
the provider’s thought processes and
decision-making algorithms based only on
the available documentation. Thus, this
method cannot eliminate bias. Interpretation
of the clinical course is limited by the re-
viewers’ clinical experience.

In this study, fellow-level agreement on er-
ror was limited and thus arbitration by senior
critical care clinicians was an integral step
before analysis. During the initial screening
and review, the critical care fellows agreed
that 6 patients had error without delay. How-
ever, they disagreed on the presence of error
without delay on a further 11 patients. More
experienced clinicians were ultimately
required to make final decisions on error
without delay, delay without error, and pres-
ence of error or delay. Thus, this process is
dependent on experienced clinicians to classify
error or delay that identifies variations in diag-
nostic fidelity. We note that the broader inclu-
sion of error or delay in our assessment for
variation of diagnostic fidelity could have posi-
tively affected our k values and conclusion
regarding agreements.

Although our definition of variation in
diagnostic fidelity and identification of error
and delay were based on recommendations
;3(3):327-334 n https://doi.org/10.1016/j.mayocpiqo.2019.06.001
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from the IOM, the lack of standardization in
this definition limits its use and generaliz-
ability. However, the purpose of this study
was to identify and test a methodology that
uses an SOP to reliably assess the presence
of variation in diagnostic fidelity, identify pa-
tient characteristics, and compare outcomes.
We acknowledge the application of this
method to a single center, and the limited
sample limits generalizability. Our choice of
a convenience sample that is not a probability
sample further limits generalizability. The cho-
sen classifications of error were based on pre-
viously published research, lending an
evidence base for our approach that takes
into account both a cognitive and systems-
based review of areas at risk for error and/or
delay. Our systematic approach allows for an
opportunity to test external validity.

Finally, it is important to note that in our
model, age, previously identified do not intu-
bate/do not resuscitate code status, increased
comorbid conditions, and acute illness were
associated with higher odds for dying in the
hospital, and there may be other unmeasured
variables associated with death affecting this
association. This may have inflated the coeffi-
cient for error and/or delay in the regression
equation.
CONCLUSION
Variations in diagnostic fidelity undoubtedly
contribute to adverse patient outcomes. In
this study, we developed a standardized
approach to reliably identify error and/or delay
in adult nontrauma patients at risk for
emerging critical illness. Patients who have
variations in diagnostic fidelity have a higher
comorbidity burden identified through higher
Charlson comorbidity index and cardiac arrest
triage scores. Additionally, the presence of
variation in diagnostic fidelity is associated
with increased hospital mortality. Understand-
ing these determinants and predictors of
emerging critical illness helps identify at-risk
populations early, promote timely interven-
tion, and improve the impact on adverse
events and patient outcomes.
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