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B. Structured Abstract

Purpose: The Department of Neurology at NorthShore University HealthSystem (NorthShore) built into its
commercial EMR structured clinical documentation support (SCDS) and clinical decision support (CDS) tools
that standardize care, write progress notes, and capture up to 1,000 discrete and cascading fields of data per
office visit. However, the EMR tools had not been disseminated for use by other Neurology practices or for data
sharing and did not support clinical trials. Pragmatic trials using EMRs would enable comparisons of treatments
at the point of care.

Scope: We created a national network for quality improvement and practice-based research in Neurology by
sharing EMR tools and creating a data registry. We demonstrated the feasibility of subgroup based adaptive
assignment of treatments, electronic consenting, and outcomes data capture at the point of care using the
EMR.

Methods: To address gaps in quality improvement and practice-based research in Neurology, we had two
aims: 1) We aimed to create a Neurology Practice-Based Research Network. The NorthShore site shared
SCDS and CDS tools for 10 common neurological disorders with other Neurology Departments that also use
the Epic EMR platform. 2) We also aimed to conduct at NorthShore pragmatic trials using the EMR for common
neurological disorders.

Results: The EMR was employed effectively to improve healthcare quality by accelerating implementation of
patient-centered outcomes research in Neurology, making healthcare safer and of higher quality and efficiency
(consistent with AHRQ's mission and priority areas of focus).
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C. Purpose
Objectives of Study: The goals of the proposed research were to advance quality improvement and practice-
based research in Neurology using the EMR.

To address gaps in quality improvement and practice-based research in Neurology, we submitted to the

Agency for Healthcare Research and Quality (AHRQ) a grant application with the Specific Aims (objectives):

1) To create a Neurology Practice-Based Research Network (NPBRN). The NorthShore site shared SCDS
and CDS tools for 11 neurological indications (brain health, brain tumors, concussion, headache, epilepsy,




memory disorders, multiple sclerosis, neuropathy, Parkinson’s disease, sleep disorders, and stroke)
with 12 other Neurology department sites that also use the Epic EMR platform. The NPBRN shared de-
identified data for quality improvement and comparative effectiveness research. Table 1A in the original
grant application (see Research Strategy/Project Narrative) provided examples of quality improvement
projects that the sites might perform. Quality improvement was an expected outcome of this goal.

2) To conduct at NorthShore pragmatic trials using the EMR for three common neurological disorders. Table
2 in the original grant application (see Research Strategy/Project Narrative) listed the disorders, treatments,
and patient-centered outcomes that we might study. We aimed to demonstrate the feasibility of subgroup-
based adaptive assignment of treatments, electronic consenting, and outcomes data capture at the point of
care using the EMR. We aimed to identify the most effective treatments for common neurological disorders
and define “Next Practices” to build into the SCDS and CDS tools for replication and dissemination by the
NPBRN. Practice-based research was an expected outcome of this goal.

Impact: Our aims were innovative because we used the EMR to hardwire quality and outcomes research in
Neurology. We individualized medicine at the point of care by conducting pragmatic trials, using a subgroup-
based adaptive design, comparing the effectiveness of treatments for common neurological disorders. Our
aims were significant because we studied several neurological disorders, recognized as a leading cause of
healthcare burden worldwide {http://www.who.int/mental_health/neurology/neurodiso/en/}. We created a
national network for quality improvement and practice-based patient-centered outcomes research in
Neurology using EMR tools to create a data registry and using evidence to make healthcare safer and to
improve healthcare efficiency, in keeping with the mission and priority areas of AHRQ.

D. Scope
Background: The goals of the proposed research were to advance quality improvement and practice-based
research in Neurology using the EMR.

Context: The American Academy of Neurology (AAN) has published evidence-based guidelines for several
neurological disorders and similarly published quality improvement measures and resources. However, the
AAN guidelines and measures have not been implemented routinely, and benchmark data are lacking. There
are few EMR tools available to standardize neurology office visits according to Best Practices, to provide alerts
when neurological care is deviating from AAN guidelines, to capture data regarding adherence to AAN or other
quality parameters, to measure the effects of compliance with guidelines on outcomes, or to share longitudinal
data and to compare effectiveness of care across neurological practices. Furthermore, commercial EMRs
provide limited support for pragmatic clinical trials comparing the effectiveness of treatments at the point of
care.

Settings: The Department of Neurology at NorthShore University HealthSystem (NorthShore) built into its
commercial EMR “Epic” 11 SCDS and CDS toolkits (one for each of 11 neurological indications) that
standardize care, write progress notes, and capture up to 1,000 discrete and cascading fields of neurological
data per office visit. The NorthShore site also built EMR tools that randomly and adaptively assign patients to
compared treatments, document informed consent, and capture outcomes at the point of care. The EMR-
based approach to improve quality in neurology clinical practice is illustrated by Figure 1 below.



Figure 1.
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Participants: Aim 1: Figure 2 below indicates alphabetically the 13 participating sites (rows), and the 11
shared toolkits (columns). Green cells indicate toolkits selected by the site for implementation, yellow cells
indicate toolkits that were being considered, and red cells indicate toolkits not selected. Within the cells, the
symbol “X” indicates that the toolkit was actually implemented. Apart from one site (the University of Virginia),
all sites executed license agreements, data use agreements, and IRB approvals.
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With respect to Aim 2, the NorthShore site conducted pragmatic clinical trials using the EMR and subgroup-
based adaptive designs comparing treatments for three disorders: migraine, mild cognitive impairment, and
epilepsy. The second aim by design was unique to NorthShore.

E. Methods

Study Design:

Neurology Practice-Based Research Network (Aim 1): The NorthShore site shared SCDS and CDS toolkits for
11 common neurological indications (see Table above) with 12 other NPBRN sites that also use the Epic EMR
platform (http://www.epic.com) under a free license. Sharing of EMR tools was with Epic’s approval. The
installation of EMR toolkits and implementation of clinical workflows was done by each site at their own effort.

The NPBRN sites shared the de-identified data captured by the EMR toolkits into a registry maintained by
NorthShore. This included data from initial, interval, and annual follow-up visits. The smart data elements
(structured fields and variables) built into the shared EMR tools (documentation flowsheets, smart forms)
captured discrete data into Clarity (Epic’s relational database), and the data were then extracted, transformed,
and loaded (up to 1,000 fields per office visit) using a common data format in a central data repository. Data
was submitted weekly to the registry by the NPBRN sites and was the object of constant monitoring.

For each EMR toolkit that was in use by two or more NPBRN sites, the NorthShore team created a quality
improvement dashboard of graphs and monthly quality improvement reports so as to track the use of the
toolkits at each site and overall and for the required measures to address missing values, inconsistencies,
errors and other issues to be corrected by the participating NPBRN sites. Each participating site was granted
login access to the de-identified quality improvement reports that were updated monthly. User groups for each
toolkit met every other month to request revisions to the toolkits or data registry and to envision specific quality
improvement projects. A statistician was assigned to perform descriptive analyses (e.g., analyses of variance,
linear regression, chi-square tests) and longitudinal analyses (e.g., linear mixed models, generalized linear



mixed effects models, Kaplan-Meier plots, Cox proportional hazard models) as requested. The NPBRN
Council, consisting of two lead physicians from each site, met every other monthly to monitor the activities of
user groups and sites. The data hub architecture for the NPBRN registry is illustrated by Figure 3 below.
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Subgroup-Based Adaptive Design and Analysis of the Data (Pragmatic Trials, Aim 2): Our SCDS and CDS
tools used discrete data to trigger alerts that prompted assignment to compared treatments at the point of care
for three neurological indications: migraine prevention, dementia prevention in patients with mild cognitive
impairment, and seizures prevention in patients with partial epilepsy. We employed a subgroup-based
adaptive design (SUBA) that uses data captured from the previously enrolled patients to identify subgroup
effects and to assign newly enrolled patients to treatments that are expected to be more effective for them
(providing individualized medicine at the point of care). The main statistical features of SUBA include the
continuous learning of patient subgroups based on a random partition model and the adaptive allocation of
patients to the best treatment arm based on posterior predictive probabilities. We randomized 100 patients and
then adaptively assigned at least 200 additional patients into each of the three comparative effectiveness
trials. We captured outcomes data at initial, interval, and annual visits over 5 years. SUBA has shown
desirable performance in computer-simulated trials with a sample size of 300.

Figure 5 below illustrates the Best Practice Advisory (BPA) that alerted the physicians that a given patient was
eligible for enroliment in a comparative effectiveness pragmatic trial that assigned a treatment (either randomly
or adaptively) and scripted and documented informed consent.
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The additional Figure 6 below illustrates the data workflow implemented in the SUBA trial for migraine.
Additional information regarding the other two pragmatic trials (mild cognitive impairment, epilepsy) have been
published (see references below).
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Measures:

Neurology Practice-Based Research Network (Aim 1): Each of the 11 EMR toolkits (SCDS and CDS tools for
the evaluation and management of 11 neurological indications) captured several hundred discrete data
elements per office visit. To prioritize quality improvement and practice-based research in Neurology, we
convened, for each toolkit that was implemented by two or more sites, bimonthly user group meetings. The
user groups selected for a given toolkit the required data elements for each initial office visit and for annual
follow-up visits. Generally, this required documentation of the visit type (initial, interval, annual), the final
diagnosis, and any standardized score test measures (including patient entered questionnaires and clinician
assessments). We published several papers describing our 11 toolkits (see references). As an example, for
the evaluation and management of headaches, the EMR toolkit included patient-entered questionnaires to
evaluate migraine severity (MIDAS) and migraine-specific quality of life (MSQ) as well as to screen for anxiety
(GAD-7), depression (CED-D), and insomnia (ISI). As another example, for the evaluation and management of
memory disorders, the EMR toolkit included patient entered questionnaires to evaluated basic and instrumental
activities of daily living (Barthel Index, Functional Activities Questionnaire) and a screening test for mood
disorder (Geriatric Depression Scale). The toolkit also included standardized clinical assessments, such as
mental status evaluations for cognitive impairment (Short Test of Mental Status, Montreal Cognitive
Assessment) and a motor scale for parkinsonism (Unified Parkinson Disease Rating Scale). Figure 7 (A-G)
below illustrates all of the quality measures that were required, for all sites combined, and the completion rates
per measure.




Figure 7A. Epilepsy
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Figure 7B. Memory
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Figure 7C. Migraine
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Figure 7D. Multiple Sclerosis
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Figure 7E. Neuromuscular
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Figure 7F. Parkinson’s Disease
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Figure 7G. Stroke
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Subgroup-Based Adaptive Design and Pragmatic Trials (Aim 2): For the migraine trial, the enrollment criteria
measures included a diagnosis of migraine, migraine frequency (at least 1-3 migraines a month), and no prior
use of the compared treatments (amitriptyline, propranolol, topiramate). The three independent variable
measures (to guide adaptive assignment) were depression severity (CED-D score), migraine severity
(MIDAS score), and presence or absence of aura. The outcome measure was survival free at 6 months of
either discontinuation of the assigned drug (due to adverse effects or lack of efficacy) or survival free of an
adjunctive/alternative preventive medication.

For the memory trial, the enroliment criteria measures included a diagnosis of mild cognitive impairment, a
functional activities questionnaire score <9 (not disabled), and no prior use of the compared treatments
(donepezil, rivastigmine, or memantine). The three independent variable measures (to guide adaptive
assignment) included the Short Test of Mental Status score, the Geriatric Depression Score, and the type of
mild cognitive impairment (amnestic versus other). The outcome measure was survival free at 12 months of
disabilities in instrumental activities of daily living (FAQ score of 9+, indicating failure).

For the epilepsy trial, the enrollment criteria measures included a diagnosis of partial epilepsy and no prior use
of the compared treatments (carbamazepine, levetiracetam, or zonisamide). The three independent variables
(to guide adaptive assignment) included age, the Center for Epidemiological Studies Depression score, and
the Short Test of Mental Status score. The outcome measure was survival free at 12 months of discontinuation
of the assigned drug or the prescription of an adjunctive therapy.

Limitations: We initially postulated several possible limitations to our study design and methods.



Regarding Aim 1, we cautioned that some of the NPBRN sites would drop out if 1) they were not able to
implement our Epic toolkits into their EMRs, 2) the expense of installing and maintaining the toolkits exceeded
expectations, 3) they were not able to engage their clinicians in the use of the tools, or if they did not have
adequate support from other clinical personnel, or 4) they were not able to share data captured by the Epic
toolkits. We also cautioned that there would be delays in implementing the study at some NPRBN

sites for a host of reasons. All five limitations, as postulated, were encountered; however, whereas we
originally were funded with eight NPBRN sites total, we were able to complete the study with 13 sites
(overcoming to some extent the anticipated limitations).

Regarding Aim 2, we cautioned that 1) we may not be able to enroll 300 patients into each of the pragmatic
trials, 2) the neurologists would override the adaptive assignments made in silico, 3) the patients would
override the adaptive assignments made in silico, 4) we might fail to integrate SUBA software with the Epic
software or to output patient-specific data and input patient-specific assignments in real time, or 5) the
NorthShore IRB would not exempt pragmatic trials using the EMR from informed consent and that this would
impede enrolliment at the point of care. Only some of these limitations, as postulated, were encountered. We
were able to complete enrollment in our migraine and memory trials, but epilepsy is ongoing. We did encounter
a small degree of overriding of adaptive assignments by either the neurologists or patients, but this was
effectively managed by sharing with the providers their individual performance data for the trials and by
discussing the trials as user group teams every 2 months. Fortunately, we had no difficulty integrating SUBA in
the Epic EMR, and the NorthShore IRB approved our enroliment at the point of care as designed.

F. Results

Principal Findings: We published several papers in peer-reviewed journals describing our EMR toolkits for
several neurological indications (Aim 1) and also describing our pragmatic trials using the EMR and SUBA
(Aim 2). Our initial paper, which provided an overview of our quality improvement and practice-based research
initiative using the EMR, was heralded by the Editors of Neurology Today (the official news magazine of the
American Academy of Neurology) as one of the Best Advanced for the entire field of Neurology in 2015.

Regarding Aim 1: We were able to grow the NPBRN from eight sites originally to 13 sites. We were able to
share EMR toolkits from the primary performance site (NorthShore) to 10 of the partner sites. The University of
Connecticut dropped out after license agreements, data use agreements, and IRB approvals were obtained
due to a loss of physicians’ interest, an the University of Virginia dropped out before the administrative
requirements were completed (for similar reasons). The remaining partner sites implemented eight of the 11
EMR toolkits; no site selected the brain health, brain tumor, or sleep disorders toolkits. Most partner sites
implemented only a few toolkits (a minimum of two toolkits per site was a requirement for participation). Apart
from NorthShore, the primary performance site that implemented all 11 EMR toolkits, the site that implemented
the second most toolkits (n=6) was St. Luke’s Health System. Unfortunately, the usage of the implemented
toolkits at the partner sites was limited, with NorthShore contributing about 90% of the cases to the registry
overall and for most toolkits. Most sites reduced or stopped using the toolkits over time. Some of the factors
contributing to attrition included the departure of physician leaders or key faculty, lack of consensus regarding
the composition of the EMR toolkits (or the time required to complete the required forms, or the staffing
requirements), competing registries (e.g., from subspecialty societies), a decline in health information
technology support, difficulties implementing new toolkits or upgrades due to Epic version differences between
sites, and difficulties logging into the NPBRN registry due to security constraints. The limited participation of
partner sites impeded the ability to perform quality improvement projects and outcomes-based research
studies. Accordingly, it was decided to not pursue renewal of the grant application. However, one quality
improvement project relating to driving safety in patients with memory disorders will be ongoing.

Figure 8 below summarizes the total sample size and demographics for the cases entered into the registry for
all sites combined as well as the diagnoses entered. Figure 9 illustrates time trends for the two visit types
(initial and annual follow-up visits).
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Regarding Aim 2: We were able to fully implement into the EMR all aspects of our study design and methods
for pragmatic trials using the EMR and SUBA. We were able to effectively alert neurologists of eligible patients
randomly and then adaptively assign compared treatments and verbally consent patients using a Best Practice
Advisory pop-up at the point of care. We were able to enroll our targeted number of subjects in the migraine
trial, and we have captured nearly 300 patient outcomes. Some initial programming errors in treatment
assignments were resolved. We are in the process of conducting the final analyses for that study and
anticipate submitting a paper with the results for peer-reviewed publication. Our enroliment in the mild
cognitive impairment trial was slower than for the migraine trial, as initially only two but ultimately only one
physician participated. The outcomes were measured by design at 12 months rather than at 6 months (by
contrast to the migraine trial). Nevertheless, we anticipate completion of the mild cognitive impairment trial also
in the coming year and plan to analyze those data and publish the results as well. Unfortunately, the vast
majority of partial epilepsy patients who we encountered in our clinical practice at the NorthShore site were
already assigned to one of the treatments that we wished to compare (typically, levetiracetam). Therefore, we
do not anticipate reaching our enrollment targets, and that study will be closed. Although it may have been an
option to attempt replication of our migraine trial or our mild cognitive impairment trial at the other participating
sites, because usage of the required EMR toolkits was generally low, it was decided to not pursue renewal of
the grant application.

Figure 10 below provides enrollment and inclusion information for subjects enrolled in either of the three
pragmatic clinical trials.
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PHS Inclusion Enrollment Report OMB Number: 0925-0001
This report format should NOT be used for collecting data from study participants. Expiration Date:03/31/2020
*Study Title Quality Improvement and Practice Based Research in Neurology Using the EMR
(must be
unique):

* Delayed Onset Study? [ | Yes X] No

If study is not delayed onset, the following selections are required:

Enroliment Type D Planned Cumulative (Actual)

Using an Existing Dataset or Resource Yes [INo

Enroliment Location X| Domestc [ ] Foreign

Clinical Trial X Yes [INo NIH-Defined Phase Ill Clinical Trial [ | Yes No

Comments: For Aim 1 there is no planned enrollment (observational study only). For Aim 2 there is planned enrollment 300

neurology cases per trial. In the response to the summary statements we agreed to limit the number of pragmatic
trials from 10, to three or more. As we will enroll a minimum of 300 subjects per trial, the new planned enrollment
will be adjusted to 900 Neurology cases.

Ethnic Categories
., i Not Hispanic or Latino Hispanic or Latino Unknown/Not Reported Ethnicity Total

Racial Categories

Unknown/ Unknown/ Unknown/

Female Male Not Female Male Not Female Male Not

Reported Reported Reported
American Indian/
Alaska Native K 0 0 0 0 0 0 0 0 0
Asian 19 8 0 0 0 0 0 0 0 27
Native Hawaiian or
Other Pacific Islander 0 0 0 0 0 2 0 0 0 0
Black_ or African 22 4 o 0 0 0 o 0 0 26
American
White 256 100 0 2 0 0 1 0 0 359
More than One Race 0 0 0 0 0 0 0 0 0 0
Unknown or Not
Reported 17 4 0 34 8 0 3 0 0 66
Total 314 116 0 36 8 0 1 0 0 478

Figure 11 indicates, for every occasion that the enroliment BPA fired, the action taken by the physician,
the number of patients enrolled, and the participation rates by study and overall.
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Study Selected Options in Response to the BPA Enroliments Withdrawals BPA Fires Enrollment
Rate
Epilepsy Assign Medication Non-Adaptively 0 0 2
BPA In Error 0 0 2
Contraindication to Medication 0 0 4
Defer Assignment (Medication Not Indicated) 0 0 3
Enroll Patient 19 0 19
'Enroll Patient' Selected in Error 0 0 1
Optimize Current Medication 0 0 17
Other (Comment) 0 0 9
Patient/Family Refusal 0 0 11
Physician Prefers Other Medication 0 0 4
Epilepsy - Summary 19 0 72 26.4%
Memory BPA In Error 0 0 2
Contraindication to Medication 0 16
Defer Assignment (Medication Not Indicated) 0 28
Enroll Patient 136 6 138
Optimize Current Medication 0 3
Other (Comment) 0 6
Patient/Family Refusal 0 32
Physician Prefers Other Medication 0 15
Memory - Summary 136 6 240 56.7%
Migraine Assign Medication Non-Adaptively 0 0 3
BPA In Error 0 0 22
Contraindication to Medication 0 0 76
Defer Assignment (Medication Not Indicated) 0 0 208
Enroll Patient 323 82 323
'Enroll Patient' Selected in Error 0 0 14
Optimize Current Medication 0 0 20
Other (Comment) 0 0 64
Patient/Family Refusal 0 0 280
Physician Prefers Other Medication 0 0 76
Migraine - Summary 323 82 1,086 29.7%
Overall - Summary 478 88 1,398 34.2%

Outcomes: With respect to Aim 1, because of a limited number of actively participating NPBRN sites, using a
limited number of toolkits per site, and with a low number of patients contributed to the registry (apart from the
primary performance site), we do not plan to renew the grant. Whether the primary performance site
(NorthShore) will maintain the registry or not, and whether the remaining participating sites will continue to
contribute data, will be determined in the coming months by the respective parties. We are planning to write a
paper summarizing the experiences of the NPBRN, include pitfalls and lessons learned, for publication in a
peer-reviewed journal. We hope that our paper will inform the design of future quality improvement and
practice-based research initiatives in neurology using the EMR.

With respect to Aim 2, we anticipate completing our migraine trial and our mild cognitive impairment trials in the
coming 12 months and submitting our findings for publication in peer-reviewed journals. Because of low
enrollment, we do not anticipate completing the epilepsy trial. Though it may have been an option to replicate
our findings for migraine and mild cognitive impairment in a multicenter trial, because of low usage of the EMR
toolkits required for the study at the other sites, we do not anticipate renewing the grant for this purpose either.

Figure 12 below summarizes for each of the three pragmatic trials, the outcomes of the assigned treatments

as captured by the EMR (Failure = the assigned treatment failed, Success = the assigned treatment succeed,
Pending = the assigned treatment outcome is pending). Until at least 300 outcomes are captured for each ftrial
separately, SUBA will not be able to provide a final assessment as to how the assigned treatments compared.
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PRAGMATIC TRIAL EMR OUTCOMES COUNTS | Discussion: With respect to our first aim, there are
Epilepsy Failure 9 | many theoretical benefits to the use of SCDS and
CDS toolkits for the evaluation and management of

neurological disorders. Structured EMRs: 1)
Pending 2 | standardize clinicians to Best Practices; 2) reduce
variability (creating efficiency); 3) navigate care

Success 8

Summary 19 L. . .
within a team of providers; 4) capture data in real
Mild Cognitive Impairment | Failure 21| time (in support of quality improvement and
Success 56 | practice-based research); 5) provide clinical
Fending > decision support (in support of patient safety,

quality, and precision medicine); 6) support note
Summary 79 | writing, billing compliance and reimbursement, pay
for performance, and timely communications with
patients and referring physicians; 7) define and
collect process and outcome measures as required
Pending 15 | for improving quality and creating a learning health
system; 8) educate medical students, residents,
and fellows to Best Practices; 9) support practice
Summary 326 | based research (including pragmatic trials and
biobanking); 10) support scholarly productivity,
which in turn creates professional satisfaction and may mitigate burnout; 11) differentiate clinical practices in
the competitive marketplace (promoting practice growth); 12) create opportunities for national leadership (e.g.,
registries, networks); and culminate in medical discovery and innovation of Next Practices. At the NorthShore
primary performance site, we were able to demonstrate all of these benefits. Unfortunately, we were not able to
replicate that experience across the NPBRN, in part due to a lack of physician engagement (behavioral
barriers), a lack of health information technology and staff support (resource barriers), and EMR version
incompatibilities and failed registry logins (technical barriers). With respect to our second aim, we
demonstrated the feasibility of pragmatic clinical trials using the EMR and SUBA. We anticipate the results
from two of our three trials soon. However, limited use of the EMR toolkits across the NPBRN sites will
preclude efforts to replicate our findings using the same study design.

Migraine Failure 67

Success 146

Summary 228

We propose that future initiatives to improve quality in neurology and to support practice-based research
should be EMR platform agnostic. The construction and maintenance of limited data set registries should be
led by professional organizations, such as the American Academy of Neurology, which are dedicated to the
provision of evidence-based clinical practice guidelines and to the improvement of the quality of care.

Conclusions: We succeeded in sharing several EMR toolkits with many NPBRN sites and in creating a data
registry. We succeeded in the implementation and conduct of pragmatic clinical trials using the EMR and
adaptive designs. Unfortunately, there were several barriers to full participation in our studies, limiting the
scope of these quality improvement and practice-based research initiatives.

Significance: We have identified pitfalls and lessons learned with respect to quality improvement and practice-
based research in neurology using the EMR.

Implications: We will disseminate our learnings regarding quality improvement and practice-based research in
neurology using the EMR toward the design of more successful initiatives in the future.
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