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Identifying and Categorizing Diagnostic Errors in Abdominal Imaging using a Diagnostic

Imaging-Specific Annotation Process

Abstract
Objective: This initiative aimed to identify and classify contributory factors to diagnostic errors
in abdominal imaging using an annotation process to identify, quantify, and categorize process-
related errors.
Methods: This was a retrospective, Quality Improvement, IRB-approved study conducted at an
academic health system on 200 randomly selected adult patients who completed abdominal
diagnostic imaging examinations between 1/1/2022-12/31/2022 in which a radiologist
recommended additional imaging (RAI). We used an expert panel to develop a taxonomy based
on two previously-described taxonomies for process-related errors. We then applied an iterative
process to train annotators to apply the taxonomy and assess medical records for diagnostic
errors. We assessed the proportion of patients with diagnostic errors, as well as inter-rater
reliability in classifying contributory factors. We also measured percentage agreement in
identifying diagnostic errors using an annotation taxonomy vs. a gold standard developed by
two abdominal radiologists.
Results: The final sample included 185 patients. A total of 14.6% (27/185; 95% Confidence
Interval 10.2%-20.4%) patients undergoing abdominal imaging experienced at least one
diagnostic error. Inter-annotator agreement with the gold standard increased from 61.1%
(33/54) at baseline for 5 reviewers to 80% (40/50) (chi-square p-value=0.04) after 4 rounds of

annotation. “Delay in performing ordered test(s)” is the major contributory factor to diagnostic



errors.
Discussion: Process-related diagnostic errors occurred in almost 1 in 7 patients undergoing
abdominal imaging with RAI. After iterative training, an annotation process for identifying
patients who have imaging diagnostic errors achieved significant inter-annotator agreement

compared to a gold standard of radiology specialist review.

Keywords: diagnostic errors, annotation process, diagnostic workflow

Summary Statement: Process-related diagnostic errors occurred in one in seven patients who

completed abdominal imaging that had recommendations for additional imaging, with “Delay in

performing ordered test(s)” as the major contributory factor to errors.



Introduction

Getting the right diagnosis is often a complex process and may occur in an iterative
manner over time, involving multiple specialty consultations and diagnostic examinations,
including diagnostic imaging. However, the longer it takes to establish the right diagnosis, the
greater the chance for a disease to progress to more advanced stages, which may then lead to
worse outcomes.! Thus, a National Academy of Medicine (NAM) recommendation for
healthcare professionals is reducing diagnostic errors that may harm patients.?

NAM defines diagnostic error as the "the failure to (a) establish an accurate and timely
explanation of the patient’s health problem(s) or (b) communicate that explanation to the
patient.”3 Schiff et al further define diagnostic errors as “any mistake or failure in the diagnostic
process leading to a misdiagnosis, a missed diagnosis, or a delayed diagnosis. This definition
could include any failure in timely follow-up and specialty referral or evaluation.”* In applying
these definitions to diagnostic imaging, diagnostic errors can occur due to interpretation errors
(misdiagnosis or inaccurate findings),>® but also at other stages in the imaging process,
including lack of communication of critical findings,”® or delay or failure to obtain clinically
necessary follow-up imaging for incidental or unexplained radiology findings (e.g., a
recommendation to re-scan to evaluate a newly identified pulmonary nodule).>?

Despite their importance, diagnostic errors related to diagnostic imaging are difficult to
guantify and study, both because there is no gold independent standard, and also because
there is no reliable and reproducible method to assess presence and contributory factors to
errors (i.e., what went wrong). Most frameworks for assessing diagnostic errors have been

developed for the entire medical specialty, specifically in internal medicine.*'3'# Radiology-



specific taxonomies have been developed for the subset of diagnostic imaging errors involving
understanding interpretation errors related to cognitive and perceptual factors, with little focus
on diagnostic errors related to systems and process errors in the diagnostic imaging
workflow.>!> For abdominal imaging, in particular, there is substantial and significant variation
in radiologists’ rate of recommending follow-up imaging for findings identified during image
interpretation.'®'’ Therefore, the aim of this study was to identify, quantify, and categorize
diagnostic errors related to the diagnostic process in patients undergoing abdominal imaging,

specifically those that yielded a radiologist recommendation for additional imaging (RAI).

Methods
Study Design and Setting

This Institutional Review Board (IRB)-approved, retrospective, Quality Improvement
study was conducted at a large academic medical center with outpatient practices, performing
900,000+ radiology examinations annually. The requirement to obtain consent was waived by
the IRB. We adhered to the Revised Standards for Quality Improvement Reporting Excellence
(SQUIRE 2.0). The site utilizes two electronic communication systems for certain radiology
findings. ANCR (Alert Notification of Critical Results) allows radiologists to complete closed-loop
communication with ordering providers about critical results.®*® For patients with a RAI, ARRC
(Addressing Radiologists’” Recommendations Collaboratively) is used to alert the ordering or
primary care clinician. If they accept the recommendation, a Collaborative Care Plan is
established for further management of the finding.'>1%2% A Safety Net program is integrated

with ARRC,%! which helped ensure bidirectional communication between radiologists and



referring providers in order to facilitate the timely performance of RAls that they agreed to be
clinically necessary. In addition to coordinating between providers, the Safety Net also engages

the patient as part of the escalation process.

Primary Outcome
The proportion of patients with diagnostic errors among all patients reviewed was
calculated as the diagnostic imaging error rate. We also measured the number of errors at each

step in the diagnostic imaging workflow.

Annotation Framework and Taxonomy Development

An expert panel, comprised of 10 radiologists, internists, and patient safety specialists,
was convened to select a definition of diagnostic error and a taxonomy for categorizing these
errors. Patient safety specialists hold at least a master’s degree and possess a minimum of five
years of experience in patient safety. The panel selected the NAM definition of diagnostic error
during an in-person panel discussion with 100% consensus, which connotes that a diagnosis is a
process that evolves over time and thus, accuracy and timeliness are important to optimize
patient management. The panel also elected to utilize the Diagnostic Imaging Workflow
described previously.2>23 Specifically, this workflow lists seven steps in the diagnostic workflow
for radiology examinations. We combined Test Ordering and Care Planning due to difficulty in
assessing provider intent when ordering an examination (Table 2, column 1).

To guide the development of the taxonomy for diagnostic errors in diagnostic imaging,

the panel used the Systems Engineering Initiative for Patient Safety (SEIPS) model,?42®



augmented with the Diagnostic Error Evaluation and Research (DEER) taxonomy.* SEIPS provides
a comprehensive conceptual framework to apply systems engineering in evaluating various
causal pathways leading to diagnostic errors. The framework focuses on the “Work System”; a
combination of socio-technical factors including Person, Task, Tools and Technology,
Organization, and Environment factors, described previously. In our contributory factors for
diagnostic errors, we included Person factors such as “Patient fails to adhere to follow-up plan”
and “Failure in shared decision-making.” Task factors include “Test ordered wrong way” and
“Inability to delete ordered examination.” Tools factors include “Failure in Critical Result
Communication system” and “Diagnostic equipment malfunction.” Organization factors include
“Deviation from standard operating procedure.” The DEER taxonomy has been used to
categorize diagnostic errors by where in the diagnostic workflow they occurred, including
Access/Presentation, History, Physical Examination, Tests, Assessment, Referral/Consultation
and Follow-up.

The final diagnostic imaging error taxonomy included 32 categories of contributory
factors to error, corresponding to the 7 steps in the diagnostic imaging workflow (Table 2,
column 2). An annotation flowchart (Figure 1) and general rules for annotation (Figure 2) were
also developed by radiology specialists for guiding trained research personnel who are not
health professionals in using the taxonomy during the annotation process. The process also
includes an assessment of the degree of harm attributed to each error, based on a score ranging
0-4: where 0=no harm—did not reach patient, 1=no harm—did reach patient, 2=temporary or
minor harm, 3=permanent or major harm, and 4=death, published previously.?

Annotation Process



The taxonomy was applied to patient medical records via iterative rounds of annotation
by research personnel after training, with results compared to a gold standard defined by
radiology specialists. Rounds were continued until annotators achieved 80% agreement with the
gold standard (Figure 3).

Physician Specialist Annotation Process

Two abdominal radiology specialists, both specialty-certified with 5 and 30 years of
experience, reviewed cases to create a gold standard to be used for the research personnel
training. They were provided with annotation materials (i.e., diagnostic imaging workflow,
diagnostic error and adverse events taxonomy), a data collection tool, and assigned medical
records (see Data Collection) for review. The gold standard was based on a final decision by the
two radiology specialists after discussion. Discrepancies between the two primary reviewers
were resolved by a third independent adjudicator. Using the gold standard cases, the abdominal
radiology specialists attended iterative training for annotators until the annotators achieved
80% agreement with the gold standard.

Research Personnel Training

Five annotators (all required to have bachelor’s degrees and at least 1 year of clinical
research/practice experience) completed five hours of training prior to reviewing patient
records for diagnostic errors (Table 1). Each annotator was provided with annotation materials
like those provided for the radiology specialists, and at least 10 patient cases at each iteration or
round of review. Patients were randomly selected and assignments were restricted so
annotators had unique cases at each round. No patients that have been reviewed in prior

rounds are re-assigned to any reviewers in future rounds.



After each round, cases were discussed in a one-and-a-half-hour meeting with the study
team (including the abdominal radiology specialists and at least one other radiologist and
internist) to discuss potential issues faced by annotators and answer relevant questions.

Data Collection and Medical Record Review

For the annotation process, 200 adult patients were randomly selected from those
completing diagnostic abdominal imaging examinations with RAIl at the study institution
between 1/1/2022-12/31/2022. Patient records for the selected examinations, including
radiology reports, pathology reports, provider notes, coordinator notes, and automated
coordination tool records, were obtained from the institutional electronic health record (EHR:
Epic Systems, Madison, WI).

For each patient, we determined whether follow-up was obtained within the timeframe
specified in the RAI plus another 50% of that interval. Determination of follow-up was
determined from 1/1/2022 to 6/30/2024. If a follow-up timeframe was not specified, we
monitored test completion for one and a half years before labeling it a diagnostic error (i.e.,
diagnostic delay). Annotators did not assess recommended modality or timeframe for validity,
but if a provider noted in subsequent medical records that another test should have been
performed and this led to a diagnostic error, we considered whether the original modality was
inadequate. We noted when ANCR, ARRC or another notification system was accessed by
clinicians (e.g., radiologists, primary care clinicians), and whether radiology reports were read
by ordering clinicians. Finally, because patients are stakeholders in the decision-making process,
if documentation stated that they deviated from a follow-up recommendation or declined

follow-up imaging, there was no diagnostic error noted. However, patient “no show” for



scheduled clinically necessary testing was deemed diagnostic error.
Descriptive and Statistical Analyses

To evaluate the annotation process, inter-rater reliability was calculated via percent
agreement and Cohen’s kappa coefficient?’ adjudicating presence of diagnostic error for each
annotator at each round of training. We compared annotator agreement with the gold standard
at baseline and on the fourth round of annotation using chi-square analysis. In the last round of
training, percent agreement was calculated for categorization of: 1) the harm score, as a binary
category where a score of 0 and 1 were categorized as “no harm” and 2-4 as “harm” reaching
the patient, 2) the step in the diagnostic imaging workflow, and 3) for categorization into the
taxonomy for diagnostic errors, based on the gold standard. Confidence intervals were
calculated with Wilson’s method.?® We performed a sensitivity analysis for percent agreement
in categorization of the step in the diagnostic imaging workflow and the taxonomy for diagnostic

errors, excluding cases when not labeled as errors by annotators.

Results
Study Cohort

There were 7,137 reports with RAl out of 114,630 reports read by abdominal imaging
staff (6.2%), from which the 200 cases were randomly selected from. Among the 200 cases, 15
were excluded because they had non-abdominal imaging or had no imaging follow-up
recommended but were initially included because of ambiguous report language. Therefore, we
analyzed a total of 185 patients.

Diagnostic Error Rate and Harm Scores



A total of 27 study patients (14.6%, 95% Confidence Interval [95%Cl] 10.2%-20.4%) had
at least one diagnostic error identified based on the gold standard; 10 of these patients had a
harm score of 1 (37.0%, 95%Cl 21.5%-55.8%) while 17 had a harm score of 0 (63.0%, 95%Cl
44.2%-78.5%).

Table 2, column 3 displays the diagnostic errors by imaging workflow step and
contributory factors to diagnostic errors. Most of the errors were noted in the Test Scheduling
step with 14 of the 27 errors identified (51.9%, 95%Cl 34.0%-69.3%). Within this step, “Delay in
performing ordered test(s)” accounted for the vast majority (13/14; 92.9%, 95%Cl 68.5%-98.7%)
of diagnostic errors.

Evaluation of the Annotation Process for Presence of Diagnostic Error

Agreement between each annotator and the gold standard in classifying patient cases
with diagnostic errors are included in Table 3. An average agreement of 80% with the gold
standard was achieved after 4 rounds. One of the annotators did not submit annotations for the
first round but was present to review the findings during the case discussion with the study
team. Thus, there were only results for 4 annotators in the first round. The mean agreement for
all annotators increased at each round. Inter-annotator agreement with the gold standard was
33/54 (61.1%) at baseline for 5 reviewers (the baseline for reviewer 2 was in the 2" round). This
increased to 40/50 (80%) in the fourth round (chi-square p-value=0.04) (Table 3).

Evaluation for Harm Score, Steps in the Diagnostic Imaging Process, and Contributory Factors to
Diagnostic Error
Agreement between annotators and the gold standard for the harm score, the step in

the diagnostic imaging workflow, and the contributory factors to diagnostic error are provided



in Table 4. Agreement with the gold standard for assessing the harm score was 0.70, for the
diagnostic workflow was 0.60, and for the contributory factors to diagnostic error was 0.53.
Excluding cases not labeled as diagnostic error by the annotators, agreement with the gold

standard for assessing diagnostic workflow was 0.77, and for the contributory factors to

diagnostic error was 0.67 (Supplemental Table 1).

Discussion

The observed diagnostic error rate for abdominal imaging with RAIl was 14.6%, well
within the range of published rates of approximately 5-17%.2° However, adverse events that
were previously reported occurred primarily in the Imaging Procedure step of the workflow,?? as
opposed to Test Scheduling, which we note in this study. We specifically note that “Delay in
performing ordered test(s)” is the major contributory factor to diagnostic errors, which is an
actionable issue that can be addressed with diagnostic imaging process enhancement. These
enhancements could include continuous adjustments in management and coordination of staff
schedules and optimizing imaging time to enhance patient care.3? Alternatively, if delays are not
due to system capacity limits and instead are due to patient preference, more patient-centered
initiatives can be introduced. Other adjustments to healthcare settings may be necessary to
enhance service accessibility and operational performance.

In this initiative, we developed and tested an annotation process for reviewing patients
who underwent diagnostic imaging to assess for the presence of process-related diagnostic
errors within the imaging workflow, and a corresponding harm score. We augmented a

previously-described annotation taxonomy for contributory factors to diagnostic errors based



on steps in the diagnostic imaging workflow and used this to classify the errors we identified.
We found delay in “Delay in ordering needed test(s)” and “Delay in performing ordered
test(s)” as the two most common contributory factors to diagnostic errors. And we found a
one in seven diagnostic error rate. In a previous study analyzing medical litigation cases, 20%
alleged a diagnosis-related error.3! 31% of diagnosis-related ambulatory cases similarly involve a
failure or delay in ordering a diagnostic test,3? and almost half of these diagnostic tests (45%)
are from diagnostic imaging.3! Fortunately, there was no harm to the patient in any of the study
cases. This, however, raises the potential that some recommended additional imaging may not
be clinically necessary. This should be studied further to understand potential overutilization of
high-cost imaging.33 This may also help address operational efficiency by minimizing
recommendations for unnecessary follow-up imaging.

Our results demonstrate the feasibility and importance of reliable, efficient diagnostic
error measurement. The annotation training process proceeded smoothly with 5 annotators
who achieved 80% inter-rater agreement after 4 rounds of training. Achieving agreement with a
gold standard is critical in training safety personnel who can help in documenting and
measuring diagnostic errors that are not readily available for review by safety officers. In
addition, measuring diagnostic errors efficiently using standard approaches to identify
preventable errors are critical to supporting health systems’ patient safety initiatives.

Our study builds on prior work by being more inclusive of error types. Specifically, we
used a harm score that was based on an existing score for assessing patient safety reports??
which included errors that did not lead to significant harm. This is different from another harm

score adapted for use by Bates et. al.,3* which included significant, serious, life-threatening and



fatal errors. We were interested in addressing all diagnostic errors even though they may not
lead to significant harm at this time because they need to be addressed to avoid potentially
significant harm in the future. Studying errors even if they resulted in no actual harm is essential
to building system resilience, which contributes to patient safety.?® It proactively identifies
hidden vulnerabilities and prevents future failures. Operationally, addressing these errors within
the systems in place includes identification of socio-technical factors that can be addressed as a
healthcare system, without added burden to individual providers.

We developed an annotation flowchart for diagnostic imaging, which was highly
effective in assisting annotators in completing the iterative annotator training process. It
required multiple steps and access to multiple modules within the EHR. Specifically, each
annotator relied heavily on the critical result and recommendation communication systems,
ANCR and ARRC, as well as provider documentation in the notes. This included documentation
of a patient’s role in decision-making as well as provider communication regarding reasons for
disagreement with a care plan. Institutions without such systems would have to bypass the
fourth step in the flowchart (Figure 1) — checking if ANCR utilization is appropriate. This
precludes being able to check whether a RAl was acknowledged by the correct provider, was
acknowledged by a provider who is not responsible for the RAI, was not sent on time, was not
acknowledged on time, was not communicated to patients, or whether there was provider non-
agreement with a RAL. This limits the capacity for detection of contributory factors to errors.
Limitations

This study involved a single academic health system. Thus, the incidence rates of

reported diagnostic errors may not generalize to other institutions. However, we anticipate that



diagnostic errors at other institutions will occur in various steps in the diagnostic imaging
process that involve similar socio-technical factors, and thus be amenable to similar analyses
using our taxonomy and annotation training process. In addition, we have access to several
automated radiology communication systems. Thus, the annotation flowchart may need to be
modified for institutions without access to documentation of provider communications.
Observed error rates may not be generalizable to institutions without similar systems. These
systems may influence both detection and mitigation of errors. Finally, recommendations with
no specified time frame for the follow-up documented in the initial report was assessed to be
on time as long as the follow-up imaging was performed within 18 months. This is a very
conservative time interval; thus, the true diagnostic error rate may be higher than what we
identified in our study. We plan to study the impact of not specifying time frame in future
studies. Without time frame included with recommendations, it is difficult to assess the
diagnostic error rate precisely because it precludes assessment of timely follow-up completion.
Additional studies are also recommended across multi-site institutions with varying Information
Technology system capabilities and Electronic Health Records before this process can be

standardized.

Take-Home Points
e Process-related diagnostic errors occurred in almost 1 in 7 patients who completed
abdominal imaging that had recommendations for additional imaging .

e Research personnel can be trained to detect diagnostic errors such as those related to



delays in follow-up and delays in ordering diagnostic testing using a structured
annotation process.

Enabling early and systematic detection of process-related diagnostic errors in diagnostic
imaging may help mitigate these errors and facilitate evaluation of potential impact of

process enhancements to engage clinicians and patients in proactively addressing

diagnostic errors.
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Tables

Table 1: Annotation Training Process for Categorizing Diagnostic Errors in Diagnostic Imaging

(Clinical notes, provider acknowledgement,
scheduler notes)

Training Process Study Materials Duration
(Steps)
Describe Data Definitions and Definitions of diagnostic errors®143637 1.5 hours
Frameworks Definitions of adverse events and harm
Score22,23,34,38
Taxonomies for coding imaging diagnostic errors*#2
Diagnostic imaging workflow??
Describe Clinical Studies and Diagnostic Excellence Center on Diagnostic Error 1.5 hours
Resilient Systems to Reduce (DECODE)
Diagnostic Errors Alert Notification of Critical Results (ANCR)*®
Addressing Radiologists’ Recommendations
Collaboratively (ARRC)*?
Manual Review Process Electronic Health Record Review 2.0 hours




Table 2: Diagnostic Imaging Workflow and Taxonomy for Contributory Factors to Diagnostic

Errors

Diagnostic Imaging Workflow
Step22'23

Contributory Factors to Diagnostic
Error®22

Number of Errors
(N=27)

Test Ordering and Care Planning

Patient fails to adhere to follow-up plan

1

Failure/delay to act on follow-up

Communication gap

Incorrect clinical information

Delay in communication to patient

Failure/delay in ordering needed test(s) and
Inadequate handoff

Error in test sequencing

Ordering of wrong test(s)

Test ordered wrong way

Incorrect clinical information

Duplicate orders

Inability to delete ordered examination

Test Scheduling

Failure in performing ordered test(s)

Delay in performing ordered test(s)

13

Test Protocoling

Technical errors/poor processing of test

Wrong protocol

Imaging Procedure

Procedure not performed

Image mislabeled (e.g., wrong patient/test)

Delayed procedure

Patient unable to cooperate

Wrong procedure performed

Incorrectly performed procedure

Diagnostic equipment failure/malfunction

Deviation from standard operating
procedure

Image Interpretation

Erroneous radiology reading of test

Erroneous follow-up recommendation

Incorrect clinical information

Reporting

Failed/delayed reporting of result

Lack of report availability

Result Communication

Delay in communication to Responsible
Physician

Delayed acknowledgement of result

Delay in communication to patient

Failure in Critical Result Communication
system




Table 3: Agreement between Annotators and Gold Standard for Presence of Diagnostic Error

Annotators Presence of Error
Percent Kappa
Agreement
Round 1*
(n=11 cases)
1 0.45 0.00
3 0.45 0.00
4 0.82 0.62
5 0.91 0.81
Round 2
(n=10 cases)
1 0.40 0.09
2 0.40 0.09
3 0.60 0.20
4 0.60 0.31
5 0.50 0.07
Round 3
(n=10 cases)
1 0.60 0.29
2 0.80 0.54
3 0.30 0.00
4 0.80 0.54
5 0.90 0.74
Round 4
(n=10 cases)
1 0.90 0.74
2 0.80 0.54
3 0.70 0.40
4 0.70 0.21
5 0.90 0.74

*Reviewer 2 lacks round 1 data and did not submit annotations for the first round



Table 4: Agreement between Annotator and Gold Standard for Harm Score, Diagnostic
Workflow, and Contributory Factors to Diagnostic Error at Round 4 of Annotation

Annotators Harm Score Diagnostic Workflow Contributory Factors
to Diagnostic Error

Percent Agreement Percent Agreement Percent Agreement

1 0.62 0.63 0.63

2 0.88 0.50 0.38

3 0.62 0.75 0.63

4 0.62 0.38 0.25

5 0.75 0.75 0.75

Mean 0.70 0.60 0.53




Journal Pre-proof

Figures



Figure 1: Annotation Flowchart

protocel used?

b

Problems during
the imaging test?

TO/CP: Failurefdelay in ordering needed test, Inadequate
handoff

RC: FallurefDelay in sending communication to
responsible provider (BEWH post-ARRC)

RC: Delayed acknowledgement of result [eventually
acknowledged late}

RC: Fallure/delay in follow up (if deemed not necessary
but not communicated back to radiology)

TO/CP: Ordering of wrong test(s)

TO/CP: Test ordered wrong way

Mo error

TO/CP: Patient fails to adhere to follow up plan

IP: Procedure not performed

IP: Patient unable to conperate

IP: Incorrectly performed procedure

IP: Diagnestic equipment failure/malfunction

IP: Deviation from standard operating procedure

| ‘Was an imaging recormmendation made? | — Exclude
N
L
| ‘Was the recommended imaging study done on time? | T." Mo Error
v
‘Was the recommended imaging study obviouwsly no
longer necessary at end of time period [ex. organ ¥ ® Mo Error
resected, biopsy performed)?
N
L] Result and AAl acknowledged by correct provider
Result and AAl acknowledged by a provider whao is not
ANCR Utilization Approprizte —| responsible for RAI
N Result and RAl not sent on time
Result and AAI not acknowledged on time
¥ fesults and Al communicated to Patient after attempts
to schedule Ral
Mon-agreemeant with fAl
4
‘Was the agreed
upon study ordered? | — | Isthere another —pp TOJSCP: Failure/delay in ordering
Was order on time? N non-radiology ¥ needed test, Inadeguate handoff
pravider whao TOJCP: Ordering of wrong test|s)
should have M (wrong) TOJCP: Test ordered wrong way
Y placed the order
v {PCP/specialist)? TO/CP: Failure/delay In ordering
N (never or late) needed test, Inadeguate handoff
Was study
schaduled on » TS: Delay/fallure in performing ordered test
time? {Found in T5: Done too early when time delay is necessary and not resolved [if
Epic rasult above M reschved No error = question of diagnostic excellence)
ordering provider]
Y
¥ TO,/CP: Communication gap
Y
Did patient show 4}{ Is confusion documented?
up? ¥ N M
Y
N
‘Was correct _ TP: Wrang protocol

TO/CP: Test Ordering/Care Planning; TS: Test Scheduling; TP: Test Protocoling; IP: Imaging Procedure; RC: Result Communication




Figure 2: General Rules for Annotation

General Rules:

Allow for 1.5 times the maximum recommended follow up time frame before
considering delay in follow-up.

Each patient is a stakeholder in the decision-making process; if documentation
states that they deviated from a follow up recommendation after discussion
with their physician, this is not an error.

Recommendations for imaging ordered by an outside provider is included in the
study scope.

Figure 3: Annotator Training Process

| 10 charts are assigned for review to each annotator and 2 radiology subspecialists |

|

‘ Group session with 2 subspecialists and at least 1 other radiologist ‘

|

| Measure agreement of annotators with gold standard ‘

>=80% agreement |— — S
no
yes

l Complete subspecialty training ‘




Supplemental Table 1: Agreement between Annotator and Gold Standard for Diagnostic
Workflow and Contributory Factors to Diagnostic Error at Round 4 of Annotation (Excluding
Cases Not Labeled as Errors)

Annotators Diagnostic Workflow Contributory Factors to
Diagnostic Error
Percent Agreement Percent Agreement
1 0.71 0.71
2 0.67 0.50
3 0.86 0.71
4 0.60 0.40
5 1.00 1.00
Mean 0.77 0.67




I Was an imaging recommendation made?

]——N’ Exclude

TO/CP: Fallure/delay in ordering needed test, Inadequate

RC: Failure/Delay in sending communication to
responsible provider (BWH post-ARRC)

RC: Delayed acknowledgement of result (eventually
acknowledged late)

RC: Failure/delay in follow up (if deemed not necessary
but not communicated back to radiology)

TO/CP: Ordering of wrong test(s)

TO/CP: Test ordered wrong way

No error

vy
I Was the recommended imaging study done on time? l——y—’ No Error
o
Was the recommended Imaging study obviously no
longer necessary at end of time period (ex. organ Y P No Error
resected, biopsy performed)?
N handoff
Result and RAl acknowdedged by correct provider
Result and RAl acknowdedged by a provider who is not
ANCR Utilization Appropriate | —J» responsible for RAI
N Result and RAI not sent on time -
Result and RAI not acknowledged on time
Y Results and RAl communicated to Patient after attempts
to schedule RAI
Non-agreement with RAI
\ 4
Was the agreed
upon study ordered? || Isthere another | TO/CP: Failure/delay in ordering
Was order on time? N non-radiology Y needed test, Inadequate handoff
provider who TO/CP: Ordering of wrong test{s)
should have N (wrong) TO/CP: Test ordered wrong way
Y placed the order
v (PCP/specialist)? TO/CP: Failure/delay In ordering
N(neverorlate)  noeded test, Inadequate handoff
Was study
scheduled on p Delay/failure In performing ordered test
time? (Found in TS: Done too early when time delay Is necessary and not resolved (if
Epic result above N resolved No error - question of diagnostic excellence)
ordering provider)
Y
v TO/CP: Communication gap
A4
Did patient show 4>{ Is confusion documented?
up? v N N
TO/CP: Patient fails to adhere to follow up plan
A4
Was correct N
» TP: Wrong protocol
protocol used?
l IP: Procedure not performed
Y IP: Patient unable to cooperate
IP: Incorrectly performed procedure
- —
:::?lm during? IP: Diagnostic equipment failure/malfunction
maging test IP: Deviation from standard operating procedure




General Rules:

* Allow for 1.5 times the maximum recommended follow
up time frame before considering delay in follow-up.

* Each patient is a stakeholder in the decision-making
process; if documentation states that they deviated
from a follow up recommendation after discussion with
their physician, this is not an error.

 Recommendations for imaging ordered by an outside
provider is included in the study scope.




10 charts are assigned for review to each annotator and 2 radiology subspecialists

v

Group session with 2 subspecialists and at least 1 other radiologist

Measure agreement of annotators with gold standard

v

>=80% agreement

B

v

no
l yes

Complete subspecialty training




Summary Statement
Process-related diagnostic errors occurred in one in seven patients who completed abdominal

imaging that had recommendations for additional imaging, with “Delay in performing ordered

test(s)” as the major contributory factor to errors.



Take-Home Points

Process-related diagnostic errors occurred in almost 1 in 7 patients who completed
abdominal imaging that had recommendations for additional imaging.

Research personnel can be trained to detect diagnostic errors such as those related to
delays in follow-up and delays in ordering diagnostic testing using a structured
annotation process.

Enabling early and systematic detection of process-related diagnostic errors in diagnostic
imaging may help mitigate these errors and facilitate evaluation of potential impact of
process enhancements to engage clinicians and patients in proactively addressing

diagnostic errors.



