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Background Although diagnostic error (DE) is a significant problem, it remains
challenging for clinicians to identify it reliably and to recognize its contribution to
the clinical trajectory of their patients. The purpose of this work was to evaluate the
reliability of real-time electronic health record (EHR) reviews using a search strategy for
the identification of DE as a contributor to the rapid response team (RRT) activation.
Objectives Early and accurate recognition of critical illness is of paramount impor-
tance. The objective of this study was to test the feasibility and reliability of
prospective, real-time EHR reviews as a means of identification of DE.

Methods We conducted this prospective observational study in June 2019 and
included consecutive adult patients experiencing their first RRT activation. An EHR
search strategy and a standard operating procedure were refined based on the
literature and expert clinician inputs. Two physician-investigators independently
reviewed eligible patient EHRs for the evidence of DE within 24 hours after RRT
activation. In cases of disagreement, a secondary review of the EHR using a taxonomy
approach was applied. The reviewers categorized patient experience of DE as Yes/No/
Uncertain.

Results We reviewed 112 patient records. DE was identified in 15% of cases by both
reviewers. Kappa agreement with the initial review was 0.23 and with the secondary
review 0.65. No evidence of DE was detected in 60% of patients. In 25% of cases, the
reviewers could not determine whether DE was present or absent.

Conclusion EHR review is of limited value in the real-time identification of DE in
hospitalized patients. Alternative approaches are needed for research and quality
improvement efforts in this field.
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Feasibility of Manual EHR Reviews for Timely Identification of DE

Background and Significance

In the United States, one in 20 adult patients experiences a
diagnostic error (DE) every year.1 Autopsy studies suggest that
DEs occur in 10 to 20% of deaths.>? It has been estimated from
postmortem studies that of the 540,000 deaths annually in the
intensive care unit (ICU), 34,000 may die due to a severe DE4
Real-time and accurate communication is essential for the
provision of safe and effective care.’ In 2015, the Institute of
Medicine, now the National Academy of Medicine, defined DE
as (1) the failure to establish an accurate explanation of the
patient’s health problem or (2) the failure to communicate that
explanation to the patient and within the electronic health
record (EHR).1 In many cases, the causes of DE may be complex
and multifactorial -8 The multiple factors that cause DEs range
from cognitive failures on the part of individuals, including
diagnosing clinicians, system failures for tracking and manag-
ing test results, and poor teamwork and communication.’” 2

Despite the importance of DE, the process of reporting errors
and near misses remains underdeveloped and lacks standard-
ized measurement tools.'>'* DEs more often result in death
and are the leading cause of claims-associated death and
disability; indeed, until a decade ago, much of what was known
about DE was learned through the evaluation of data from
malpractice claims.”'® In recent years, investigators have
employed different approaches, including autopsy studies,
case reviews, surveys of patients and physicians, voluntary
reporting systems, use of standardized patients, second
reviews, diagnostic testing audits, and closed claims reviews.'”
Each of these methods has limitations, and none is well suited
to establishing the presence of DE inreal time when used alone.
In most situations, the described methods have been applied
only after the patient hospitalization episode and are not suited
to real-time reporting or identification of DE.

Identifying and measuring DE through a detailed review
of the EHR is particularly challenging and, expert reviewers
often disagree about whether an error has happened.'® The
lack of reliable measurement methods and difficulties in
detecting DE in hospitalized patients continue to present
significant barriers to designing solutions to reduce DE.'®

Rapid response teams (RRTs) are a well-established patient
safety strategy and are frequently implemented to manage
deteriorating patients early by providing appropriate care
quickly.2% Up to 31% of clinical deteriorations requiring RRT
activations have been attributed to medical errors, 68% of
which were related to DEs.?' Therefore, for the purpose of this
study, RRT activations were used to identify a population of
hospitalized patients with increased risk for DE. In addition,
RRT is often a prelude to ICU admission or escalation of care.
Acutely ill patients are patients who become suddenly unwell
or are physiologically deteriorating, and patients with a critical
illness are patients who need ICU-level care as they are
physiologically unstable or deteriorating. These patient groups
may overlap. Both of these types of patients may have an RRT
activation for stabilization and consideration for transfer to the
ICU. Given the importance of early recognition and treatment
of critical illness to reduce morbidity and cost, robust mech-
anisms to identify DE are vital.?%>3

Soleimani et al.

The specific aim of this study was to reliably determine
which patients experienced a DE within 24 hours after an RRT
event. Our study used the kappa value as a criterion for applying
a secondary review to resolve disagreements between inde-
pendent reviewers.

Objectives

The objective of this work was to test the feasibility and
reliability of prospective, real-time EHR reviews as a means
to identify the presence of DE. Furthermore, we wanted to
describe the process of developing, applying, and refining
standard operating procedures (SOPs) using an acute-care
learning laboratory to improve the identification of DE and
inform future approaches.

Methods

Setting and Study Design

This single-center prospective observational study was con-
ducted at Mayo Clinic, Rochester, Minnesota, United States,
from June 1 through June 30, 2019. The study protocol was
approved as a minimal risk study by the Institutional Review
Board. Mayo Clinic is a quaternary care academic center with
over 2,000 inpatient beds. The number of hospital inpatient
admissions is approximately 62,000 per year. There are 3,800
RRT activations annually.?* An RRT event is defined as an
activation of the RRT to review a patient. The RRT team
generally consists of a critical care fellow, a respiratory
therapist, and an ICU nurse. A staff intensivist supervises
the team, which provides ICU-level care responding to
hospitalized patients with signs of deterioration in non-
ICU settings. The RRT call can be activated by any member
of the primary care team or other team members involved
with the patient’s care. Daily RRT reports and the pager
system were used to identify patients’ RRT activations in real
time. The criteria for RRT activation are described
in . RRT activations were used as an
enriched population for identifying DE, because in acute
situations like this, more evaluations increase the possibility
of new diagnosis and approaches that were missed before.

Study Participants

A physician-investigator screened all patients experiencing
an RRT activation. Inclusion criteria were age >18 years old,
documented research authorization, and first RRT activation
of that hospitalization. We excluded those patients who were
experiencing an RRT activation within 6 hours of hospital
admission, an RRT activation that occurred during an admis-
sion that was within 30 days of the last hospital discharge,
and repeated RRT activations.

Data Collection

We abstracted data, including demographic information such
as age, gender, ethnicity, race, reason for hospital admission,
and admission time, from the EHR. We also abstracted data
about the RRT activations such as the reason for the RRT call,
time of RRT call, assessment at RRT activation, treatment
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SOP of the initial review

Diagnostic criteria Data to be collected

New diagnostic e Is the reason for RRT adequately

label within explained by the current diag-
24 hours after RRT nosis?
* Is there any new diagnosis in the
past 24 hours?
* Does this new diagnosis ade-
quately explain the reason for
RRT?
Time: features * Review
>6 hours before e Symptoms
initial presentation * Signs

of new diagnosis Consults (problem list)
Diagnostics (laboratories,
images)

Interventions (surgery,
procedures)

Abbreviations: RRT, rapid response team; SOP, standard operating
procedure.

during RRT activation, location of RRT activation, the current
location of the patient, and whether the patient was trans-
ferred to the ICU post-RRT activation.

Search Strategy

Developing Standard Operating Procedures
An SOP was developed to review the EHR to identify DE
systematically ( ).

Applying Standard Operating Procedures

During the initial iterative search strategy approach, two
observers independently reviewed the EHR of eligible
patients for the presence of a new diagnosis within 24 hours
of RRT activation. The reviewers assessed the EHR, including
documentation about the RRT activation, admission notes,
and other clinical notes recorded prior to the RRT activation
and up to 24 hours after RRT activation.

When a new diagnosis was detected, the physician-
investigators reviewed the EHR to determine whether any
features, indicative of that diagnosis, were present for
greater than 6 hours prior to the first documentation of
that new diagnosis. The window of 6 hours was chosen as a
reasonable one in which patients at risk of critical illness,
presenting to a quaternary care academic center, should be
expected to have an accurate differential diagnosis com-
municated in the EHR. Features included physiological
features such as symptoms and signs, as well as consults,
diagnostics test results (laboratories, images), and inter-
ventions (surgery, procedures). In making their judgments,
the reviewers were asked to classify each patient as either
“Yes,” “No,” or “Uncertain” for DE.

Refining Standard Operating Procedures

In cases of disagreement about DE from the initial review,
a secondary EHR chart review strategy was applied. For
the second strategy, we used a taxonomy-based approach,
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SOP of the secondary review

Components Data to be collected
of collected

data

History Failure/delay in eliciting critical piece of history
data

Inaccurate/misinterpretation of history
Suboptimal weighing of the piece of history

Failure/delay to follow up of critical piece of history

Physical Failure/delay in eliciting a critical physical-exam
exam finding

Inaccurate/misinterpreted critical physical-exam
finding

Suboptimal weighing of critical exam finding
Failure/delay to follow up on critical exam finding

Tests
(laboratories/
radiology)

Ordering:
Failure/delay in ordering needed test(s)
Failure/delay in performing ordered test(s)
Suboptimal test sequencing
Ordering of wrong test(s)
Performance:
Sample mix-up/mislabeled
Technical errors/poor processing of specimen/test
Erroneous laboratory/radiology reading of tests
Failed/delayed transmission or result to clinician
Clinician processing:
Failed/delayed follow-up action on test result
Erroneous clinician interpretation of test

Assessment Hypothesis generation:

Failure/delay in considering the correct diagnosis
Suboptimal weighing/prioritization:
Too much weight to low(er) probability/priority
diagnosis
Too little consideration of high(er)
probability/priority dx

Too much weight on competing diagnosis
Recognizing urgency/complications:
Failure to appreciate urgency/acuity of illness
Failure/delay in recognizing complication(s)

Referral/
consultation

Failure/delay in ordering needing referral
Inappropriate/unneeded referral

Suboptimal consultation diagnostic performance
Failed/delayed communication/follow-up of
consultation

Follow-up Failure to refer to a setting for close monitoring
Failure/delay in real-time follow-up/rechecking of

patient

Abbreviations: dx, diagnosis; SOP, standard operating procedure.

initially described by “Schiff et al,”® and then replicated by
“Jayaprakash et al” in our institution. Judgments about the
presence of DE were made based on answers to specific
questions in the six categories outlined in .The same
reviewers in the initial review answered questions indepen-
dently after reviewing the EHR and patients were classified
as having a DE if the reviewer responded “Yes” to any of these
questions. The reviewers, again, categorized the cases as
Yes/No/Uncertain as they had during initial screening.

Final Review
The final step involved combining the agreements of the
initial review with the total results of the secondary review

( )-

Kappa Statistic

Interobserver variation can be measured with a kappa
coefficient in any situation in which two or more indepen-
dent observers are evaluating the same thing. A kappa of 1
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285 RRT Activations in
June 2019

Total exclusions: 173
-without research authorization: 37

-Younger than 18years: 36

-Admit less than 6 hours: 33

112 patients were eligible
for chart reviewing

-Readmit less than 30 days: 35
-Repeat RRT in current encounter: 32

Initial Review
Kappa =0.23

Agreement: 60
['No:4s, zYes:7, U ncertain:7]

Disagreement: 52
[*Uncertain/Yes:15, 5Uncertain/N 0:20, 6Yes/N 0:17]

[No:21, Yes:10, Uncertain:1]

Disagreement: 20
[Uncertain/Yes:6, Uncertain/No:4, Yes/No:10]

Disagreement: 20
[Uncertain/Yes:6, Uncertain/No:4, Yes/No:10)

H
H
H
e H
H
H Agreement: 32
Secondary Review (— '
H
H
~ H
L,
pronnesannacd
4 v
Final Review Agreement: 92
Kappa =0.65 [No:67, Yes:17, Uncertain:8]
N

A diagram of reviews. RRT, rapid response team. 'No: two reviewers agree on “No” error; *Yes: two reviewers agree on “Yes” error;
3Uncertain: two reviewers agree on “Uncertain” error; “Uncertain/Yes: two reviewers disagree on “Yes or Uncertain” error; Uncertain/No: two
reviewers disagree on “No or Uncertain” error; ®Yes/No: two reviewers disagree on “Yes or No” error.

indicates perfect agreement, whereas a kappa of 0 indicates
agreement equivalent to chance.?® In this study, our target
range of kappa values from the initial review was moderate
or 0.41 to 0.60 ( ).

We performed a Cohen’s kappa statistic score measurement
with three distinct categories (Yes, No, and Uncertain) and six
levels of agreement (Yes/Yes, No/No, Uncertain/Uncertain,
Yes/No, Yes/Uncertain, and No/Uncertain). Kappa was used
to assess the reliability of chart review and the level of
agreement between both reviewers for DE.

General Statistic

We used JMP statistical software (version Pro 14) for statis-
tical analysis. All continuous variables were reported as
means with standard deviation (SD). All categorical variables
were reported as counts with percentages.

Results

Cohort Identification

A total of 285 RRT activations occurred during June 2019, of
which 173 cases were excluded. Reasons for exclusion were
as follows: 36/173 (21%) <18 years; 37/173 (21.5%)—no
research authorization; 33/173 (19%)—admission less than
6 hours before RRT activation; 35/173 (20%)—readmission
less than 30 days after the most recent previous encounter;
and 32/173 (18.5%)—repeated RRT in current admission. The
total number of eligible patients was 112 ( ).

Demographics

The mean age of patients was 68 (SD: 16.3) years, and 46/112
(41%) were females. The number of patients admitted to the
ICU after RRT activation was 55/112 (49%). The most com-
mon documented reason for RRT activation was respiratory

failure, 35/112 (31%), followed by altered mental status,
21/112 (19%), and hypotension, 19/112 (17%). Other docu-
mented reasons included cardiac arrhythmia, chest pain,
stroke symptoms, and hyperthermia or fever ( )-

Primary Outcomes—Agreement

The data presented in indicate results after use of the
SOP of the initial review, the agreement between the two
reviewers was 60/112 (54%) and the kappa value was 0.23 (fair)
when both reviewers agreed on “Yes,” “No,” or “Uncertain.”
After deploying the secondary review, the agreement in-
creased to 92/112 (82%), and the kappa to 0.65 (substantial).

Secondary Outcomes—Proportions of DE

Using the initial review, DE was identified in 7/112 (6%) of
eligible cases, no evidence of DE in 46/112 (41%) of eligible
cases, and 7/112 (6%) of eligible cases were classified as
uncertain by both reviewers. In 52/112 (46%) of eligible cases,
there was no agreement between the reviewers. After com-
bining the agreements in the initial review with the secondary
review, the results changed to 17/112 (15%) agreement that DE
had occurred, 67/112 (60%) no evidence of DE, 8/112 (7%)
uncertainty, and 20/112 (18%) disagreement about whether
DE had occurred ( and ).

Discussion

Most evidence regarding DE in acutely ill patients comes
from retrospective chart review or postmortem studies.?’~2°
In this article, we explore the reliability of chart review
strategies to support real-time recognition of DE risk in
acutely ill patients.

Over the years, DE has been recognized as a common
cause of preventable harm to patients and negatively
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Characteristics of patients with RRT activation

Characteristics Number (%)
(N=112)
Age in years, mean (SD) 67.9 (64.88-70.91)
Sex (female) 46 (41%)
Race
White 4 (84%)
Unknown 8 (7%)
African American 5 (4%)
Asian 4 (3%)
American Indian 1 (<1%)
Transfer to ICU after RRT 55 (49%)
Patient status (alive) 103 (92%)
Reason for admission
Cardiac diseases 7 (15%)
Infectious diseases 5 (13%)
Orthopedic diseases 5 (13%)
Gl diseases 4 (15%)
Respiratory diseases 3 (12%)
Hemato/oncology diseases 3(12%)
Neurologic diseases 1(10%)
Other 8 (7%)
Metabolic/renal 6 (5.5%)
Reason for RRT activation
Respiratory failure 5(31%)
Altered mental status 1(19%)
Hypotension 9 (17%)
Cardiac arrhythmia 3 (12%)
Other 0 (9%)
Chest pain (GA)
Stroke symptoms 4 (3%)
Hyperthermia or fever 3(2%)

Abbreviations: Gl, gastrointestinal; ICU, intensive care unit; RRT, rapid
response team; SD, standard deviation; SOP, standard operating
procedure.

impacting the quality of health care.’-”# Given the positive
impact of real-time identification of life-threatening diag-
noses and treatment on patient outcomes, it was determined
that effective DE recognition strategies for critical illness
would need to be applicable in real time. For this reason, it
was decided to develop a chart review strategy that would
allow reviewers to reliably identify the presence of DE in a
patient within 24 hours of an RRT call. We set a window of
24 hours as a reasonable one in which the most likely
contributors to acute illness should be determinable in an
academic center. Our initial focus was on testing the feasi-
bility of a structured chart review that might form the basis
of an automated search strategy that could be applied within
24 hours of a tracer event such as an RRT call.

Applied Clinical Informatics  Vol. 11 No. 3/2020
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Despite our best efforts, the agreement between reviewers
inour study was elusive. The initial screening strategy outlined
in the Methods section above resulted in a poor agreement
between observers (kappa: 0.23). The agreement improved
with secondary screening (kappa: 0.65) using a taxonomy
approach, but the reviewers were unable to agree or were
uncertain about the DE classification in nearly 25% of cases.
There are several possible explanations for this.

In studies of DE, which utilize retrospective chart reviews,
the discharge summary and subsequent coding reviews have
been used as key data points. Our emphasis on real-time
identification of DE meant that data documented after
24 hours post-RRT were not available to our reviewers to
inform their judgment. The lack of agreement raises the
question of the reliability of the medical record as a means
of communicating diagnosis in a real-time fashion. There is
evidence from other sources that the electronic medical
record is not optimized for the communication of diagnostic
reasoning or certainty.”'m'30 This limitation is particularly
problematic in the care of critically ill patients where the
urgency of treatment takes priority over documentation,’'
and real-time diagnosis is impeded by information overload
leading to errors of cognition.3?

The desire to satisfy regulatory and billing requirements
cannot be ignored as a driver of commitment to specific
International Classification of Diseases-9 or -10 diagnostic
codes. This has implications for the validity of these data for
the purposes of DE research or quality improvement. In addi-
tion, these requirements leave no room for uncertainty in
diagnosis, which may be at odds with the messy reality of the
acute care diagnostic process we encountered when reviewing
the records of patients in real time after a critical RRT event.

One of the key objectives of our acute care learning labora-
tory is to develop automated search strategies that can reliably
identify DE using data available in real time in the EHR.>3-* We
were particularly interested, therefore, in the reliability of real-
time chart review performed by trained observers. For this
reason, we maintained independence between reviewers and
refrained from using a third “super”-reviewer to arbitrate
decisions as others have done. We tested the reproducibility
of the search strategy as a proof of concept for an automated
alert. The addition of a super-reviewer would have defeated
that purpose as he/she would have eliminated any disagree-
ment. This undoubtedly contributed to the resulting kappa
score and is in contrast to retrospective chart review studies of
DE, which rely on arbitration to achieve consensus agreement
and where accuracy rather than inter-rater reliability is the
goal.'

Our independent reviewers agreed that 15% of patients in
the cohort were exposed to DE. This proportion is similar to
that found in our previous study, which demonstrated a
proportion of almost 18%. In the previous study, the entire
EHR was utilized, and a consensus super-reviewer helped
arrive at a final decision about DE.?” In our study, the findings
were based on the review of data available within 24 hours
after the RRT call, and it is the first study we are aware of to
describe the identification of DE this proximal to the RRT event.
Our proportions of DE are in keeping with those of other DE
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Agreement and disagreement between two reviewers
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Initial review (N =112) Final review (N=112)
Agreement Error Count (%) cl Count (%) cl
No? 46 (41) 0.32-0.50 67 (60) 0.50-0.67
Yes® 7 (6) 0.03-0.12 17 (15) 0.10-0.23
Uncertain® 7 (6) 0.03-0.12 8(7) 0.04-0.15
No agreement Uncertain/Yes? 15 (13) 0.08-0.21 6 (5) 0.02-0.11
Uncertain/No® 20 (18) 0.12-0.26 4 (4) 0.01-0.09
Yes/No' 17 (15) 0.10-0.23 10 (9) 0.05-0.16
Kappa 0.23 0.65

Abbreviation: Cl, confidence interval.

“No: two reviewers agree on “No” error.

BYes: two reviewers agree on “Yes” error.

“Uncertain: two reviewers agree on “Uncertain” error.
dUncertain/Yes: two reviewers disagree on “Yes or Uncertain” error.
€Uncertain/No: two reviewers disagree on “No or Uncertain” error.
fYes/No: two reviewers disagree on “Yes or No” error

methods and approaches. According to the report of the
National Academy of Medicine, the general proportion of DE
is 13.8%." In a new study of unscheduled return visits to the
emergency department with ICU admission, approximately
14% represented failures in the initial diagnostic pathway.>”
The proportion of DE can vary for different populations and
settings, and depends on study methodology.*%"~2°

Each review was estimated to take approximately 1 hour
per reviewer per patient. This has obvious implications for the
scalability and use of this tool outside of our acute care learning
laboratory environment. As discussed above, the intention was
to use the refined search strategy as a starting point for the
development of an automated EHR search instrument that
could be exported to other settings to support scalability. The
study findings have prompted us to reevaluate the feasibility of
using the data available in the EHR as a trigger for real-time
identification of vulnerability to DE.

Given the high proportions of DE in RRT patients, their
vulnerability to deterioration, and the challenges associated
with identifying DE in individual patients from the chart
review alone, it may be time to consider an intervention that
avoids harm from DE, and that may be applied to any patient
who experiences an RRT call. At a minimum, RRT events
should be considered as triggers for a diagnostic review by
the responding team, which consists of a critical care fellow, a
critical care respiratory therapist, and an ICU nurse.>® This
has implications for the composition of the team and speaks
to the need to involve a diagnostician as part of that team.
Indeed, our trained physician reviewers failed to establish an
agreement (18%) or were uncertain about the presence of DE
(7%) in this group of patients. This suggests that situations
will arise in which an RRT cannot establish a diagnosis and
should consider escalating the care of the patient to a panel
of diagnostic experts.

Limitations
There are several limitations to this study. The design of this
study is subject to weaknesses such as a narrow patient

population of RRT cases, a lack of previous prospective
research studies about DEs, inability to generalize the results,
being a single-center study, and potential false-positive
results because of the inaccuracy of documentation. The
single-center nature of the study has implications for gener-
alizability. The population, processes, and EHR documenta-
tion standards found in the study setting may not be
reflected in other settings. The decision to exclude readmit-
ted patients or patients with recurrent RRT activations has
implications for the reported proportions of DE. The inclu-
sion of these groups may have had a significant impact on the
proportions reported in this study and should be taken into
consideration when interpreting the findings. In determin-
ing the proportion of DE, reviewers relied solely on EHR
documentation that fails to account for other forms of
communication, including verbal. As the record is not opti-
mized to support real-time communication through accu-
rate documentation, the emerging diagnosis, or differential
diagnosis of critically ill patients, there is a possibility that
reviewers underestimated the amount of communication
that occurred.

Strengths

The work described in this article is part of a broader learning
laboratory approach to better understand and prevent DE in
acutely ill patients. This study is the first of its kind to use a
prospective methodology to assess the reliability of EHR
review to assess DE. By applying an SOP and doing blinded
independent EHR reviews as well as deploying kappa statis-
tics to test agreement, we can establish whether our strategy
is genuinely reliable and has the potential to be useful in the
future. The EHR review was done by physician-investigators
with sound clinical knowledge and an understanding of the
clinical practice.

Future Direction
We believe our acute care learning laboratory findings support

inquiry and further study in at least two directions. First, the
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question of how best to supplement or redesign the EHR must
be tackled if we are to enable real-time detection of DE. This
has implications for the development of advanced analytics
approaches to a prediction that may be impaired, as our expert
reviewers were, by an over-reliance on data derived solely from
the EHR. This is particularly important in critically ill patients
who will likely benefit most from early diagnosis and treat-
ment.?>23 Real-time recognition of DE in this group could have
a significant impact on outcomes and costs. Second, we believe
the results of this study support a discussion about the
composition and role of acute care outreach teams such as
RRTs. Clearly, this population of patients is vulnerable to harm
from unrecognized DE, and the benefits of the introduction of a
diagnostic time-out should be debated.

Conclusion

Detecting the presence of DE within 24 hours of RRT activation,
using available EHR data, is challenging. A moderate agreement
canbe reached, but consensus cannot be achieved in nearly 25%
of cases. An EHR search strategy, such as the one described here,
is time consuming and not easily scalable outside of a study
environment. Alternative approaches to chart review for the
real-time identification of DE are needed. A diagnostic time-
out following RRT may be a useful intervention to prevent harm
from unrecognized DE in this patient population.

Clinical Relevance Statement

It is difficult to reliably establish whether a DE has occurred
using prospective medical record review strategies. The
medical record, as a means of communicating diagnosis,
requires improvements. Alternative approaches to medical
record review for the real-time identification of diagnostic
errors are needed.

Multiple Choice Questions

1. Kappa is a useful statistical measure to do which of the
following:
a. Measure differences in continuous outcomes.
b. Measure differences in categorical outcomes.
c. Measure intraobserver variability two or more inde-
pendent observers are evaluating the same thing.
d. Measure when consensus is reached.

Correct Answer: The correct answer is option c. Studies
that measure the agreement between two or more
observers should include a statistic that takes into
account the fact that observers will sometimes agree
or disagree simply by chance. The kappa statistic (or
kappa coefficient) is the most commonly used statistic
for this purpose.

2. Which of the below measurements has been used to
identify diagnostic error?
a. Autopsy studies
b. Voluntary reporting systems

Applied Clinical Informatics  Vol. 11 No. 3/2020

c. Chart review

d. All of the above
Correct Answer: The correct answer is option d. Inves-
tigators have employed different approaches, including
autopsy studies, case reviews, surveys of patients and
physicians, voluntary reporting systems, use of stan-
dardized patients, second reviews, diagnostic testing
audits, and closed claims reviews.

. Which method is ideally suited for identifying diagnostic

error in real time?

a. Retrospective reviewing of the electronic medical
record.

b. Using medical record as a means of communicating
diagnosis.

c. The evaluation of data from malpractice claims.

d. All of the methods have limitations for identifying
diagnostic error in real time.
Correct Answer: The correct answer is option d. Each of
the methods has limitations, and none is well suited to
establishing the presence of misdiagnosis in real time
when used alone. In most situations, these methods are
applied only after the patient hospitalization episode
and are not suited to real-time reporting or identifica-
tion of misdiagnosis.

. What was the proportion of diagnostic error in critically

ill patients identified by both reviewers?

a. Diagnostic error proportion in critically ill patients was
35%.

b. Diagnostic error proportion in critically ill patients was
15%.

c. Diagnostic error proportion in critically ill patients was
20%.

d. Diagnostic error proportion in critically ill patients was
10%.
Correct Answer: The correct answer is option b. After
combining the agreements in the initial review with
the secondary review, the final result was 17/112 (15%)
agreement that DE had occurred, 67/112 (60%) no
evidence of DE, 8/112 (7%) uncertainty, and 20/112
(18%) disagreement about whether DE had occurred.
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Medical Association Declaration of Helsinki on Ethical Prin-
ciples for Medical Research Involving Human Subjects and
was reviewed by Mayo Clinic Institutional Review Board.
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Rapid response team criteria at Mayo Clinic Rochester

* A staff member is worried about the patient

 Acute and persistent declining oxygen saturations <90%

* Acute and persistent change in HR: <40 or >130

 Acute and persistent change in systolic BP: <90

 Acute and persistent change in RR: <10 or >28

 Acute chest pain suggestive of ischemia

¢ Acute and persistent change in the conscious state (including agitated delirium)

* New onset of symptoms suggestive of stroke

Abbreviations: BP, blood pressure; HR, heart rate; RR, respiratory rate.

Interpretation of kappa®

Kappa value Agreement

0 Poor
0.01-0.20 Slight
0.21-0.40 Fair

0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

“Viera AJ, Garrett JM. Understanding interobserver agreement: the
kappa statistic. Fam Med 2005;37:360-363
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