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Abstract

Objective: To develop and implement a customized toolkit within the electronic medical record (EMR) to
standardize care of patients with brain tumors.
Patients and Methods: We built a customized structured clinical documentation support toolkit to
capture standardized data at office visits. We detail the process by which this toolkit was conceptualized
and developed. Toolkit development was a physician-led process to determine a work flow and necessary
elements to support best practices as defined by the neuro-oncology clinical team.
Results: We have developed in our EMR system a customized work flow for clinical encounters with
neuro-oncology patients. In addition to providing a road map for clinical care by our neuro-oncology
team, the toolkit is designed to maximize discrete data capture. Several hundred fields of discrete data
are captured through the toolkit in the context of our routine office visits. We describe the characteristics
of patients seen at our clinic, the adoption of the toolkit, current initiatives supported by the toolkit, and
future applications.
Conclusion: The EMR can be effectively structured to standardize office visits and improve discrete data
capture. This toolkit can be leveraged to support quality improvement and practice-based research ini-
tiatives at the point of care in a neuro-oncology practice.
ª 2021Mayo Foundation for Medical Education andResearch. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
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B rain tumors are commonly associated
with significant symptoms that affect
quality of life. The management of

brain tumors is complicated due to the pathol-
ogy of the tumors, associated symptoms, and
prognosis. Brain tumors can be monitored
with neuroimaging or treated with some com-
bination of surgery, radiation, and chemo-
therapy, depending on the type of tumor.1

Response to treatment is assessed by the clin-
ical status of the patient and neuroimaging.2

Most neuroimaging is through magnetic reso-
nance imaging or computed tomography in
patients who have contraindications to mag-
netic resonance imaging.

Medical management of brain tumors and
their conditions improves survival and quality
of life.3,4 Seizures are one of the most
commonly managed conditions and can have
Mayo Clin Proc Inn Qual Out n June 2021;5(3):625-634 n https://d
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a significant impact on quality of life.5-8 Seizure
outcomes can be measured by response to anti-
epileptic drugs (AEDs) in addition to interven-
tions such as surgery, radiation, and
chemotherapy. Other medical issues that can
be assessed include mood disorders, fatigue,
deep vein thrombosis/pulmonary embolism,
and cerebral edema.9-11 The spectrum of po-
tential symptoms and complications makes
medical management complex.9,12 As such,
standardizing care to address common issues
and tracking patients to monitor outcomes is
of interest.

We sought to develop a neuro-oncology
“toolkit” to standardize care for neuro-
oncology patients. The toolkit defines the
important assessment and clinical information
that our neuro-oncology practice prioritized
as best practices. Furthermore, the toolkit relies
oi.org/10.1016/j.mayocpiqo.2021.04.001
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on discrete data entry and thus provides an op-
portunity for systematically tracking outcomes
over time and conducting quality improvement
projects. The goal is to improve the quality of
care for patients through systematic tracking
of clinical outcomes and use of data for quality
improvement practice-based research.

PATIENTS AND METHODS
NorthShore University HealthSystem (North-
Shore), located in the northern suburbs of
Chicago, included 2 neuro-oncologists prac-
ticing at 3 outpatient centers at the time of
the toolkit’s development. Our 7-stage process
for quality improvement and practice-based
research using the electronic medical record
(EMR) has been previously described.13 We
briefly describe the development of our highly
customized brain tumor structured clinical
documentation support (SCDS) toolkit that
is used at each patient encounter.

The content of the toolkit was determined
through frequent physician meetings that
occurred every 2 weeks for 3 months. These
meetings included neurology, the department
chair, neuro-oncologists, and clinical support
staff (such as clinical coordinators and nurses).
The goal was to reach consensus on essential el-
ements that conform to our practice’s definition
of best practices in treating patients with brain
tumor. In regard to important assessments, we
reviewed the pertinent medical literature and
National Comprehensive Cancer Network
guidelines for tumors. We decided on standard
information related to diagnostic history, treat-
ments such as radiation and chemotherapy,
current supportive medications, and so on, as
shown in the Figure (screenshots). Each of
these fields includes drop-down menus that
expand when an affirmative response is
entered. We also specified detailed pathologic
information, including molecular subtypes for
gliomas and metastatic tumors.

Several score test measures were selected
to address disability, as well as associated
symptom severity. Because depression is com-
mon among patients with brain tumor and
higher levels of depression are associated
with poorer outcomes, we assessed depression
and anxiety using the Center for Epidemio-
logic Studies Depression (CES-D) scale and
General Anxiety Disorder 7-item (GAD-7)
scale. Additionally, the CES-D and GAD-7
Mayo Clin Proc Inn Qual Out n June 2021
were selected for standardization with the
other neurology toolkits. We chose the MD
Anderson Symptom Inventory-Brain Tumor
(MDASI-BT) because it is a standardized brain
tumor assessment that has been validated and
published in the literature.14-16 Also, we
included a standardized assessment of perfor-
mance status, the Karnofsky Performance Sta-
tus. This was chosen over other measurement
tools because it is the standardized scale used
widely in neuro-oncology. The Short Test of
Mental Status was selected because it is a stan-
dardized neurology test that is not copy-
righted, making it freely available for use.

We developed an automated scoring sys-
tem for radiographic response in patients with
glioma based on the Response Assessment in
Neuro-Oncology criteria. Patient outcomes
were entered as discrete fields according to
Response Assessment in Neuro-Oncology
criteria and clinical criteria. We assessed the ef-
ficacy of AEDs according to patient reports of
seizures. Additionally, we assessed the toxicity
of treatments (radiation and chemotherapy)
and supportive medications.

After deciding on the content, we conduct-
ed meetings with programmers from North-
Shore’s EMR (Epic Systems) Optimization
team every 2 weeks. These meetings addition-
ally included clinical support staff, as well as a
statistician and business intelligence analysts
who were involved in data extraction and
summary. These meetings occurred for 3
months. They built an the SCDS toolkit that
included navigators (a sidebar index of pro-
cesses to choose from), electronic forms
(which had the ability to auto-score and
auto-interpret), and summary flow sheets.
We included free text fields to allow for addi-
tional information. We designed work flows
(the order and assignment of tasks to a care
team that includes a nurse and a neuro-
oncologist) and mapped items to the progress
notes (the order and layout in which the con-
tent would write).

During this time, we worked through the
toolkit in a development format to ensure us-
ability and consistency in definitions. Users
were encouraged to work through the toolkit
to identify potential barriers and bring them
to the working group for resolution. The tool-
kit was designed to support the 2 main
appointment types used at NorthShore, initial
;5(3):625-634 n https://doi.org/10.1016/j.mayocpiqo.2021.04.001
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FIGURE. Screenshots of the neuro-oncology structured clinical documentation support toolkit within the electronic medical record.
A-B, MD Anderson Symptom Inventory-Brain Tumor (MDASI-BT). C-F, Short Test of Mental Status. G, Current medications. H, Prior
diagnosis notes. HPI ¼ history of present illness; MGMT ¼ methyl guanine methyl transferase; ROS ¼ review of symptoms; RX ¼
medical prescription. ª 2020 Epic Systems Corporation, used with permission.
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visits and follow-up visits (which occur annu-
ally or as interval visits, except for malignant
brain tumors [every 6 months]). The standard
appointment length for an initial visit is 60 mi-
nutes and for a follow-up visit is 30 minutes.
As such, the toolkit was structured to conform
to these times, with a shortened version of the
toolkit used at follow-up visits.

After the SCDS toolkit implementation, we
continued to meet every 2 weeks with
Mayo Clin Proc Inn Qual Out n June 2021
programmers specialized in extracting, trans-
forming, and loading data from the EMR’s
data repository to data marts in NorthShore’s
Enterprise Data Warehouse (EDW). The
EDW programmers created enrollment reports
for tracking patients and produced data qual-
ity reports indicating which required data
were missing from office visits. These data
quality reports are distributed to the care
team monthly. Data not cleaned within 3
;5(3):625-634 n https://doi.org/10.1016/j.mayocpiqo.2021.04.001
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TABLE 1. Demographic Characteristics of Patients With Brain Tumors

Benign (n¼207) Malignant (n¼252)

Female sex, no. (%) 150 (0.72) 133 (0.53)

Age at initial visit (y), median (range) 67 (24-97) 63 (24-92)

Age at onset (y), median (range) 57 (6-84) 61 (18-92)

Race, no. (%)a

Caucasian 139 (0.67) 169 (0.67)
Hispanic/Latino 4 (0.02) 8 (0.03)
African American 3 (0.01) 5 (0.02)
Asian 5 (0.02) 4 (0.02)
Pacific Islander/Hawaiian Native 0 (0.00) 1 (0.004)

Education
Years, median (range) 16 (6-25) 16 (9-30)

Smoking, no. (%)a

Never 103 (0.50) 100 (0.40)
Former 64 (0.31) 116 (0.46)
Current 2 (0.01) 13 (0.05)

aSum may not equal total patients due to missing values.
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months were archived as permanently missing
and were not listed on subsequent reports.

The care team learned where they were er-
ror prone from the data quality reports, and
they remediated their use of the toolkits.
When systematic errors occurred for many
providers, the teams had the opportunity to
improve their use of the toolkits or to request
TABLE 2. Score Test Measure Frequencies Among Patie

General Anxiety Disorder-7, no. (%)
Normal
Mild anxiety
Moderate anxiety
Severe anxiety

Center for Epidemiologic Studies-Depression, no. (%)
No indication of depression
Mild to moderate
Possibility of major depression

Karnofsky Performance Status interpretation,a no. (%)
Able to carry on normal activity and work, score of 80-10
Unable to work; able to care for most personal needs at
home, score of 50-70

Unable to care for self, score of 0-40

MD Anderson Symptom Inventory-Brain Tumor, no. (%)
Mild
Moderate
Severe

aScores are typically in standard intervals of 10.

Mayo Clin Proc Inn Qual Out n June 2021;5(3):625-634 n https://d
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optimizations or a change in data require-
ments. The monthly reports produced only a
few or no data checks per provider after the
project was established. The weekly meetings
continued for 3 months. The EDW team
continues to support the toolkit use and up-
dates/changes are made as needed when mod-
ifications (changes/additions/deletions) are
nts With Brain Tumors

Benign (n¼207) Malignant (n¼252)

127 (0.61) 133 (0.53)
33 (0.16) 47 (0.19)
14 (0.07) 32 (0.13)
8 (0.04) 15 (0.06)

134 (0.65) 144(0.57)
30 (0.14) 38 (0.15)
16 (0.08) 34 (0.13)

0 169 (0.82) 193(0.76)
16 (0.08) 41 (0.16)

0 (0.0) 3 (0.01)

93 (0.43) 137 (0.54)
9 (0.04) 24 (0.09)
5 (0.02) 15 (0.06)
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deemed appropriate by the clinical team based
on patient encounters. Additionally, ongoing
support is provided for newly onboarded clin-
ical staff to provide a learning environment for
toolkit use and provide feedback on entry.

RESULTS
We have successfully implemented a neuro-
oncologyespecific toolkit incorporating clinical
assessment tools, including clinical presenta-
tion, pathologic and imaging results, symptom
type/history, medical history, medication use,
and functional assessment scores. A work
flow was developed that assigns tasks and re-
sponsibility for specific assessments. Further,
our toolkit writes progress notes and returns
more than 800 fields of discrete data.

The process took 9 months from the time
of initial physician meetings to implementa-
tion of the toolkit into a live clinical practice
environment. Automated monthly reports are
produced that summarize patient characteris-
tics as they relate to demographic characteris-
tics, clinical presentation, diagnostic/imaging
information, symptoms, and score tests. These
reports provide an opportunity to examine the
characteristics of clinic patients and also
address any issues with missing data or incom-
plete data entry. Repeat missingness or incom-
pleteness suggests a need to reconsider the
value of the data element and its relevance to
best practices. Baseline demographic charac-
teristics and data for score test measures are
shown in Tables 1 and 2.

DISCUSSION
We have developed and implemented a
customized EMR toolkit to evaluate patients
with brain tumor in our neuro-oncology
clinics. The development of the toolkit was a
physician-led process with support from infor-
mation technology partners. The toolkit is
designed to formalize routine care and as
such is not intended to extend the visit time
compared to a standard visit.

In addition to standardizing care to
conform to our definition of best practices,
discrete and consistent data entry allows for
longitudinal tracking of outcomes. This is of
particular important for patients with brain tu-
mors because managing patients’ symptoms
and complications is complex. For example,
seizures are common in patients with all types
Mayo Clin Proc Inn Qual Out n June 2021
of brain tumors and are associated with signif-
icant morbidity.7 Therefore, we designed our
toolkit to track seizures according to the effi-
cacy of AEDs. Our toolkit has the potential
for designing studies to compare the efficacy
of commonly used AEDs. Rigorous assessment
of longitudinal data supports quality improve-
ment projects to determine the impact of in-
terventions on patient outcomes. Given that
the toolkit was developed by physicians for
the purposes of supporting clinical care, our
rates of missing data are low (as shown in Re-
sults). This reduces the potential for bias and
improves the likelihood that findings are
generalizable to our larger patient population.

Additionally, leveraging some of the stan-
dardized data elements, we have implemented
Best Practice Advisories to identify opportu-
nities for a provider intervention when indi-
cated. For example, if a patient screens
positive for depression or anxiety, a Best Prac-
tice Advisory fires and presents a mouse-click
option to place an order, write a referral, or
defer (which prompts selection of a reason
for deferral). This is particularly important
for patients with brain tumors because depres-
sion rates among those with brain tumors are
among the highest of all cancers.17 It has been
reported that approximately one-half of pa-
tients with brain tumors who screen positive
for depression fulfill Diagnostic and Statistical
Manual of Mental Disorders criteria for major
depressive disorder.

Importantly, depression has been indepen-
dently associated with decreased survival time
in patients with glioma.18,19 Additional symp-
toms captured through the MDASI-BT include
fatigue, nausea, constipation, sleep distur-
bances, and cognitive changes. These symp-
toms are often caused by radiation and/or
chemotherapy rather than the brain tumor it-
self. Identifying these symptoms is important
because managing them can have a significant
impact on a patient’s quality of life.

We are also using the toolkit to support larger
research efforts. Concurrently, we are also con-
ducting a DNA biobanking study under another
Institutional Review Boardeapproved protocol.
Blood samples will be used to generate data on
more than 1 million single-nucleotide polymor-
phisms. This genetic information can be used
to complement the clinical data and conduct
novel studies of the influence of biomarkers on
;5(3):625-634 n https://doi.org/10.1016/j.mayocpiqo.2021.04.001
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disease cause, progression, and treatment
response. This practice-based research is
enhanced through the collection of discretized
data. Beyond our practice, our toolkit also sup-
ports data sharing with other neuro-oncology
clinics. We plan to share our toolkit with clinics
that use the same EMR (Epic), agree to imple-
mentation and deidentified data sharing for the
purpose of standardizing care, benchmarking
performance, and conducting multisite research
collaborations across diverse patient populations.

There are some limitations to the approach
we have described. Though the toolkits pre-
sent standardized data fields, there are invari-
ably differences between physicians as to
how questions are asked and how equivocal
responses are interpreted. For example, we
rely on patient-reported seizure events, for
which this may not be entirely accurate.
Though there is space for comments in many
fields, providers are generally limited to
choosing from a pre-set response list, and
this pre-set list is used for descriptive report-
ing and analysis. However, all physicians
were involved in the development and agreed
on the content and responses, and modifica-
tions can always be undertaken by the Health
Information Technology team. Patients may
also interpret the same question differently
and we use subjective questionnaires. Howev-
er, this is not an issue specific to our method
and the questionnaires used in our toolkits
have been validated previously.

Additionally, although the design of the
toolkit was intended to be completed within
our standard appointment length, there is a
learning curve. Initially, there is an adjustment
to provider flow and this may result in
increased time to complete a patient
encounter. However, over time, we have
found that use of the toolkit does not increase
the length of a routine office visit. By making
edits to the toolkit of unnecessary or redun-
dant data fields over time, we were able to
make the toolkit much more user friendly
than the original version.

Shortly after implementation of the toolkit,
we discovered that some data fields originally
conceived in the design stage of the project
proved to be less useful in practice. This led to
significant changes to the toolkit, in which
some data fields were deleted from the toolkit.
None of these fields were critical data fields for
Mayo Clin Proc Inn Qual Out n June 2021;5(3):625-634 n https://d
www.mcpiqojournal.org
outcome measures. For instance, we removed
the exact start date of treatment, replacing it
with the starting year, because finding this infor-
mation added extra time for the provider review-
ing the chart. In our attempt to be exhaustive in
our data collection, we removed fields we later
discovered were redundant. For patients with
metastatic tumors, initially we captured every
treatment they had received. However, most
chemotherapy drugs do not cross the blood-
brain barrier. Therefore, we chose to focus on
newer treatments that crossed that barrier into
the brain. This finding is in accord with other
SCDS toolkits at our institution. Additionally, af-
ter 1 year of data analysis, we discovered a tight
correlation in the results of the CES-D/GAD-7
and MDASI-BT. This led to removal of the
CES-D and GAD-7 assessments from the toolkit.

Patient experience has been helpful in
additional modifications to the toolkit. One
of the challenges we faced was patients filling
out the CES-D, GAD-7, and MDASI-BT before
the appointment. In accord with our correla-
tive results for these outcome measures, we
discovered patient dissatisfaction with redun-
dancy of the forms. There were additional fac-
tors that led to incomplete filling out of forms,
including patients not receiving the forms at
the time of check in and patient fatigue. We
have mitigated these factors by only using
the MDASI-BT and creating an online version
of this form that patients can fill out before the
appointment.

Another patient experience that we have
encountered is unwillingness to take the Short
Test of Mental Status. Patients often refuse to
have this test administered to them. This could
be due to the self-consciousness at knowing
that the brain tumor impairs cognition, anxi-
ety related to taking a test, or fatigue. This
has motivated us to look at alternative ways
to assess cognitive functioning, such as
patient-reported outcomes.

CONCLUSION
The SCDS toolkits and clinical documentation
support features can be used to standardize office
visits of patients with brain tumor. The toolkits
can be built to enable physicians to provide
care consistent with our definition of best prac-
tices, with the goal of optimizing patient care.
This is particularly applicable to assess patients
for measures of efficacy and toxicity of brain
oi.org/10.1016/j.mayocpiqo.2021.04.001 633
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tumor treatments, such as radiation and chemo-
therapy. It is also applicable to supportive care
treatments for seizures, fatigue, and venous
thromboses. Additionally, the toolkits capture
discrete data that can easily be translated into
descriptive and analytic reports for the purpose
of conducting quality improvement and
practice-based research. We anticipate that these
toolkits will improve the care of patients with
brain tumors and provide future opportunities
to engage in research to predict disease course,
treatment response, and quality-of-life measures.
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