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Abstract

Background: The delivery of standardized self-report assessments is essential for measurement-based care in mental health.
Paper-based methods of measurement-based care data collection may result in transcription errors, missing data, and other data
quality issues when entered into patient electronic health records (EHRS).

Objective: This study aims to help address these issues by using a dedicated instance of REDCap (Research Electronic Data
Capture; Vanderbilt University)—a free, widely used electronic data capture platform—that was established to enable the
deployment of digitized self-assessmentsin clinical care pathways to inform clinical decision making.

Methods: REDCap was integrated with the primary clinical information system to facilitate the real-time transfer of discrete
data and PDF reports from REDCap into the EHR. Both technical and administrative components were required for complete
implementation. A technology acceptance survey was also administered to capture physicians' and clinicians' attitudes toward
the new system.

Results: Theintegration of REDCap with the EHR transitioned clinical workflows from paper-based methods of data collection
to electronic data collection. This resulted in significant time savings, improved data quality, and valuable real-time information
delivery. The digitization of self-report assessments at each appointment contributed to the clinic-wide implementation of the
major depressive disorder integrated care pathway. This digital transformation facilitated a 4-fold increase in the physician
adoption of thisintegrated care pathway workflow and a 3-fold increase in patient enrollment, resulting in an overall significant
increasein major depressive disorder integrated care pathway capacity. Physicians and clinicians attitudeswere overall positive,
with almost all respondents agreeing that the system was useful to their work.

Conclusions: REDCap provided an intuitive patient interface for collecting self-report measures and accessing resultsin real
timeto inform clinical decisionsand an extensible backend for system integration. The approach scaled effectively and expanded
to high-impact clinics throughout the hospital, alowing for the broad deployment of complex workflows and standardized
assessments, which led to the accumulation of harmonized data across clinics and care pathways. REDCap is aflexible tool that
can be effectively leveraged to facilitate the automatic transfer of self-report data to the EHR; however, thoughtful governance
isrequired to complement the technical implementation to ensure that data standardization, dataquality, patient safety, and privacy
are maintained.
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Introduction

Background

A key component of measurement-based care (MBC) in mental
health relies on the ability of patients to complete
sel f-assessments. These assessments can be used in conjunction
with evidence-informed practice guidelines to monitor patient
progress and inform clinical decisionsfor patient-centered care
plans. MBC canimprove outcomes by rapidly detecting patients
with deteriorating symptoms and by effectively quantifying
persistent symptoms|[1]. The Centre for Addiction and Mental
Health (CAMH) isthelargest mental health hospital in Canada,
supporting over 34,000 patients per year across diverseclinical
programs. CAMH has developed and deployed a number of
integrated care pathways (ICPs), which include MBC as the
main, evidence-based aspect of care. Broadly used across many
clinica domains, ICPs are structured care plans that follow
evidence-based guidelinesto improve patient outcomes[2] and
may include definitions for specific medications or treatment
strategies [3,4].

In addition to providing clinical care, CAMH is Canada's
leading mental illnessresearch facility. In recent years, REDCap
(Research Electronic Data Capture; Vanderbilt University) has
beeninstrumental to thisresearch effort [5]. REDCap isasecure,
Health Insurance Portability and Accountability Act—compliant,
web-based application for building and managing electronic
surveys and assessments[6]. Developed in 2004 by researchers
at Vanderbilt University, REDCap was designed to provide a
straightforward means of datamanagement for thelocal research
community [7]. Since its inception, the platform has evolved
through several phases, first through select development
partnerships and then through a growing international
consortium that currently representsadiverse global community
spanning over 3600 institutionsin more than 130 countrieswith
more than a million users worldwide [8]. The platform is
availableto academic, nonprofit, and government organi zations
through a no-cost consortium model, whereby partner
institutions are provided the source code and installation files
for REDCap after agreeing to the end user license agreements
terms outlined by Vanderbilt University.

REDCap was launched at CAMH in 2015 for research data
collection and operational support. Sincethen, the platform has
grown to more than 1000 users who have created over 1800
projects culminating in more than 200,000 individual records.
In 2017, a second, fully validated instance of REDCap was
launched to support data collection for Health Canada regul ated
clinical trials. In 2018, because of the growing familiarity with
REDCap a CAMH and knowledge of its flexibility,
customi zability, and community support, ademand for aversion
of REDCap to support clinical data began to emerge.
Specifically, this version of REDCap would be used for ICP
delivery. It was posited that REDCap'sflexibility and its ability
to manage complex workflowswould significantly improvethe
previously paper-based methods used for ICP delivery.
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Importantly, however, this version of REDCap would need to
be integrated with the CAMH electronic health record (EHR),
aCAMH-branded version of Cerner Millennium called I-CARE.

CAMH achieved the Healthcare Information Management
Systems Society (HIMSS) Adoption Model for Analytics
Maturity Stage 6 in 2018 and the Electronic Medical Record
Adoption Model Stage 7 in 2017 [9], indicating excellent
hospital -wide adoption and compliance. Electronic data capture
is used throughout the hospital and coordinated as the sole
source of truth legal health records. To enhance the flexibility
of electronic data collection for MBC, a clinical instance of
REDCap was launched and connected to Cerner via a systems
integration layer to facilitate the automatic transfer of completed
assessments to the patient chart in both PDF and discrete
formats. Thisintegration extends capabilitiesfor complex survey
gueues and branching assessments as needed by clinical
pathways while maintaining the integrity of the health record.

Objectives

In this development and usability study, we describe the
technical implementation and governance model of a clinical
instance of REDCap to support digital MBC in multipleclinical
environments. Wedetail thetechnical requirementsfor real-time
transfer of self-assessments collected in REDCap to the patient’s
chart in Cerner in both PDF and discrete variable formats. In
addition, we describe the clinical governance structure necessary
to sustain high-quality clinical data and support standardized
implementation across clinics. A pertinent clinical use case is
outlined to illustrate the utility and applicability of REDCap to
support scalable and extensible structured mental health MBC
at CAMH and beyond.

Methods

Overview

Evaluation of the ICPs at CAMH identified a need to deploy
complex bundles of assessments over time that could be
dynamically adjusted based on indicators such as severity or
frequency of symptoms. The functionality of REDCap is well
suited to meet these requirements. By delivering standardized
assessments longitudinally, modified through branching and
survey queue logic as appropriate, necessary psychological
dimensions could be sampled to inform physician decision
making throughout the course of care. The clinical instance of
REDCap (Clinical REDCap) was the third installment of
REDCap at CAMH, preceded by aresearchinstance and afully
validated instance for regulated clinical trials. REDCap version
9.1 was used for thisimplementation.

Technical Implementation

Thetechnical implementation to integrate REDCap with Cerner
included (1) tablet deployment in the clinic; (2) automated
transfer of completed self-assessments in a PDF format to the
patient chart; and (3) automated transfer of completed
self-assessments in a discrete format to the patient chart for
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trending, analysis, and more complex physician decision
support.

Tablet Deployment and Automated Survey Retrieval Tool

Samsung Galaxy Tab Android tablets were provided to clinical
assistants to facilitate patient self-assessment data entry into
REDCap. Asatechnical safeguard, akiosk app (Kioware) was
configured to limit tablet useto preapproved apps and webpages,
in this case, Google Chrome and REDCap, respectively.

In collaboration with the clinic managers and physician teams,
work was undertaken to streamline the administration of tablets
and surveys for patients and staff. To simplify the clinical
workflow (Figure 1), a custom survey retriever web app was
developed using the REDCap application programming interface
(API). This tool accepts the patient medical record number
(MRN) and ICP name and retrieves the unique survey queue

Hawley et d

link from the next available set of self-assessmentsin the care
pathway for a particular patient. Using this tool, the clinical
assistant may load the appointment’s set of assessments,
beginning with a confirmation survey asking the clinical
assistant to confirm the MRN, appointment date, and the
patient’s physician to ensure compliance and accuracy. The
physician field on this confirmation form is populated using a
dynamic SQL (Structured Query Language) field, which draws
from a separate REDCap project that lists all ICP physician
names or emails and their current status (eg, active or inactive).
It allows clinical end users to easily update the physician list
without needing to dynamically modify adropdown list directly
inthe Online Designer. Asafinal patient verification step before
data entry, the REDCap survey log-in featureis used to prompt
the patient to enter apersonal identification number (PIN) based
on their date of birth.

Figurel. Clinical REDCap workflow and example screensfor atypical follow-up appointment. (A) Cerner scheduler view. (B) Custom survey retriever
tool used as atablet homepage. (C) Summary report built asa REDCap survey. | CP: integrated care pathways; MRN: medical record number; REDCap:

Research Electronic Data Capture.
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Transfer of PDFsto Cerner

To ensure the integrity of the health record, individually
completed self-assessments were automatically transmitted as
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PDFs to the patient's EHR in Cerner and were filed in the
documents section, specifically under assessments and plans.
For convenience, an aggregate report is automatically generated
within REDCap by piping values into a standalone REDCap
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survey emailed to the primary clinician or physician upon
assessment package completion (Figure 1). These reports
summarize patient response data onto a single page; however,
they are not sent to Cerner, as the data have already been
transferred asindividua files.

As the patient completes assessments, a REDCap data entry
trigger (DET) delivers the project 1D, record ID, event name,
instrument, and form status to a custom-built data export web
service. The service listens for DETs and sends a request back
to REDCap, thus providing real-time data export functionality.
Following the DET, the service makes a request to REDCap

Hawley et d

using the APl method export PDF file of data collection
instruments to retrieve a PDF document of the completed
assessment (eg, the Patient Health Questionnaire-9 [PHQ-9]),
and the document is written into a securely shared directory.
Each PDF is given auniquefile name that follows a predefined
convention, asfollows:

[mrn]_[encounter]_[assessment_code]_[date]_[time].pdf

This process ensures further compatibility with the Cerner
interface, which uses a purpose-built Cerner AXRM COLD
Feed (Cerner) [10] to import the document into the patient chart
(Figure 2).

Figure2. Clinica REDCap workflow and example screens for atypical follow-up appointment for a patient in the major depressive disorder integrated
care pathway. API: application programming interface; FTP: file transfer protocol; REDCap: Research Electronic Data Capture; SMB: server message

block.
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Transfer of Discrete Data to Cerner

Similar to PDF export from REDCap, the transfer of discrete
values aso uses DETs and the REDCap API. In this case, the
export records APl method was used. This method returns the
values of the completed assessment fields (eg, PHQ-9) and
system variables, such as timestamps. Once the discrete data
are retrieved, the web service executes the code to format this
information as acommarseparated values (CSV) filethat follows
aspecified convention, asfollows: [timestamp].csv for the name
and [mrn],[encounter],[uid],[assessment_code],[timestamp],
[assessment_field1],[assessment_field2],...,[assessment_fieldN]
for CSV content.

UID isauniqueidentifier of acompleted assessment within the
REDCap instance generated using the project ID, record 1D,
instrument code, and visit code. Thisidentifier ensuresthat the
correct form is updated in Cerner if the data in REDCap are
modified. At this step, assessment variables are also renamed
to be correctly mapped to the corresponding Cerner fields. The
CSV fileisthen written to adirectory on afiletransfer protocol
server. Thisdirectory isperiodically scanned by acustom Cerner
interface, which convertsthe CSV datainto an HL7 unsolicited
results (ORU) message. The interface then routes the HL7 to
the standard Cerner externa systems inbound servers for
processing and passes the values into the results view of the
chart, where the data are displayed in atable format. Currently,
the interface only accepts numerical results, but future updates
may include the processing of REDCap data sent in JavaScript
Object Notation (JSON) to alow greater flexibility for data
import.

https://www.jmir.org/2021/5/e25656
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Record Verification and Linkage

The primary verification mechanism for datatransfer relies on
correctly entering the MRN and a Cerner-specific appointment
identifier called the Encounter number into REDCap. A custom
Cerner API (Figure 2) wasbuilt, which acceptsthese parameters,
checks whether these values are valid and belong to the same
patient, and returns a JSON-formatted response. Upon
submitting a data entry form in REDCap, a DET initializes a
custom-built data export web service that sends the MRN and
Encounter number to the custom Cerner API. If al the criteria
are met and a successful response is received, the web service
proceedsto create the document and discretefiles. If thecriteria
are not met, the transfer is terminated, and an error message is
logged and sent via email to the study contact. The message
can be one of the following: “Missing MRN,” “Missing
Encounter,” or “MRN and Encounter mismatch.”

Clinical REDCap Governance

To support technical development and integration, arobust and
consistent governance model was necessary to ensure
compliance with the lega health record and maintain the
standardization necessary to effectively support scalable and
reproducible MBC. We outline the governance practices adopted
by our institution in aformat that can be applied to other similar
hospitals.

Clinical Governance Structures

The Clinical REDCap governance structure and principleswere
codeveloped with clinical and privacy stakeholdersto establish
core operating constraints. The underlying theme of these
principles establishes Clinicad REDCap as an extension of
norma EHR data collection capabilities and establishes that
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clinicaly relevant information must pass through the primary
EHR to maintain aconsistent health record. Changesto the care
pathway within REDCap must be reviewed and approved by
clinical governance committees, consistent with the review
process for changesto Cerner. In general, ingtitutional clinical
governance committees are accountable for final decisions
relating to platform governance and approval of forms used for
clinical care; REDCap administrators are accountablefor system
administration and all project development, and the clinical
applications (Cerner) team is accountable for final integration
with the EHR. All partieswere consulted or informed at various
points where necessary.

Hawley et d

The collaboration between all stakeholders established alist of
4 key operating principles (Figure 3) that were used to inform
all decisionsrelating to Clinical REDCap, as follows:

1. The hospital EHR will remain the sole source of truth.

2. Clinical data collected in REDCap will be transferred
directly to the EHR.

3. Clinical REDCap will follow existing clinical measure or
pathway approval processes.

4. Access to data collected through Clinical REDCap will
follow existing processes pertaining to clinical records.

Although the specifics of principles 3 and 4 will differ
depending on the ingtitution and regional legidation, the
high-level principle of clinical governance alignment isstrongly
recommended.

Figure 3. Four key principles of REDCap (Research Electronic Data Capture) integration with the Centre for Addiction and Mental Health EHR. EHR:

electronic health record.

Direct transfer
to EHR

EHR as sole
source of truth

575

Controlled Access and Data Retention

Accessto theclinical instanceis limited at both the server and
individual roles or permissions levels. The clinica instance
sever issituated behind the CAMH firewall and isnot accessible
externally. At the application level, user management istightly
regulated under structured clinical roles established by privacy
and health record experts to meet the needs of the clinical
workflows and limit unnecessary data access.

Usersof the platform fall into 2 broad categories: administrator
and clinical (Textbox 1). Administrators are responsible for
project creation, instrument design, and APl configuration and
are strictly limited to central REDCap operations staff. In the
clinical category, 3 subcategories exist: clinical data lead, a
clinical staff member who acts as the owner of a project and
provides in-clinic training and basic support (eg, data
corrections); clinical care provider, the role assumed by
clinicians and physicians who may enter new records and
clinical data; and clinical assistant, a support staff who retrieve
survey access codes, load survey queues, and supply tablets to
patients for self-assessment. Account provision and project

https://www.jmir.org/2021/5/e25656
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access are handled solely by administrators. Each new user must
complete mandatory training by reviewing the policies of
Clinical REDCap, including the differences between clinical
and research platforms, permitted user roles, and privacy
considerations when using the system. User roles are assigned
following a hierarchical process. users who request a clinical
data lead role must have their request approved by the
institutional clinical director. For subsequent clinical roles,
account or project accessis approved by the respective clinical
data lead, who also determines the user role (clinical care
provider or clinical assistant) for the project. This approval is
required before the user account or project access is provided
by an administrator. Thishierarchical approval processconforms
totheinternal organizational structurefor consistency and varies
in other institutions; however, thisapproach provides atemplate
for devel oping permissions modesthat are sufficiently restrictive
but allow secure access as necessary.

At present, Clinical REDCap project data reside in REDCap
for a period aligned with ingtitutional clinical data retention
periods unless otherwise removed by a REDCap administrator
by request of the clinical team and privacy office.
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Textbox 1. Clinical REDCap (Research Electronic Data Capture) user roles and responsibilities.

Clinical REDCap administrator

. Clinicad REDCap staff responsible for account creation, modification, and suspension for all user types. Responsible for moving projects and

draft changes to production. Limited to 2-3 staff members.

Project developer administrator

« Clinical REDCap staff responsible for creating REDCap projects and associated forms or surveys. Leads project validation to be carried out in

collaboration with clinical stakeholders.

Service administrator

«  Specialized account for managing secure services post data collection (eg, application programming interface data export to electronic health

record).

Clinical data lead

« Clinicd staff responsible for monitoring the integrity of the data, providing clinic-specific training to clinic users, supporting minor technical
issues in the clinic, facilitating project validation, submitting project change requests, approving subordinate account requests, and serving as

the main point of contact for developers and administrators.

Clinical care provider

«  Clinical staff responsiblefor the administration and review of clinical assessments; can enter datathat have been collected on paper into REDCap.

Clinical assistant

«  Clinical support staff responsible for administering patient survey queue in the clinic and providing simple technical assistance.

Centralized Assessment and Project Development

All Clinical REDCap projects are built by a dedicated internal
team of administrators that follow standardized naming and
versioning practices for assessments and variables. All new
assessments are clinically validated by CAMH clinicians or
physicians and undergo strict approval processes through the
hospital’s clinical data governance committees to ascertain
alignment with existing clinical instruments and standard

practice. Once validated, assessments are deployed into a
common data elementslibrary to support the rapid devel opment
of parallel and complementary pathways (Figure 4). The use of
common data elements across al projects ensures clinical
consistency and provides a standard set of elementsthat can be
transmitted to the hospital EHR with little additional setup.
Ancillary formssuch as project or participant tracking, reporting,
or summary forms are built ad hoc as requested on a
project-by-project basis.

Figure4. High-level workflow for clinical instrument development on the Clinical REDCap instance. The review is conducted by clinical committees
to align assessments. API: application programming interface; DET: data entry trigger; EHR: electronic health record; REDCap: Research Electronic

Data Capture.
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Evaluation of I mpact

The clinical impact was assessed by determining the number
of physicians who adopted the ICP before and after
implementing the Clinical REDCap project. In addition, the
monthly enrollment of patientswas determined by counting the
number of patients enrolled in the paper-based process compared
with the Clinical REDCap process on average per month after
6 months.

A short user acceptance survey was developed and sent to
Clinical REDCap usersintheclinical care provider roleto assess
clinicians' and physicians attitudes toward Clinical REDCap.
The survey drew questions from the technology acceptance
model, which seeksto measure users' perceived usefulness and
perceived ease of use and how these factors may affect
acceptance of new technology [11]. The survey consisted of 10
items measured on a5-point Likert scaleand included 3 free-text
options for respondents to comment on their likes and dislikes
and make suggestions for system improvement.

Results

Example Use Case: Major Depression Disorder
Integrated Care Pathway

The major depression disorder integrated care pathway
(MDD-ICP) provides a multidisciplinary and structured care
management strategy, including interprofessional collaboration,
standardized assessments, and evidence-based treatment
algorithms. The pathway has been active at CAMH for 3 years,
and a Clinical REDCap project was created as an alternative to
paper-based data collection to digitize and support the
clinic-wide implementation of the pathway in the fall of 2018.
Thedatacollected in Clinical REDCap (which are subsequently
made available in the EHR) are used to support the MBC
component of the MDD-ICP, which isused to inform treatment
decisions.

Data Entry Wor kflow

Figure 1 showsatypical Clinical REDCap workflow for patients
in the MDD-ICP. Every morning, a clinical assistant reviews
the EHR scheduler module to compile a list of patients
scheduled for an |CP appointment. When a patient arrives for
their appointment, the clinical assistant retrieves a tablet and

https://www.jmir.org/2021/5/e25656
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enters the MRN into the survey retriever tool. Provided that a
valid MRN (ie, an existing record in REDCap) is entered, the
retriever tool will open the first survey of the next available
follow-up event. In this case, the first survey is a confirmation
page that asks the clinical assistant to confirm the patient’'s
MRN and their ICP physician(s). Next, the tablet is passed to
the patient who enters the verification PIN (using the survey
log-in feature in REDCap) based on their date of birth.
Following successful verification, the patient may then complete
their self-assessments, including the PHQ-9 [12], the
Generalized Anxiety Disorder-7 [13], a substance use
compliance screener, and a side-effects screener. Additional
self-reports are completed at the initial and discharge
appointments and include patient history, sociodemographics,
the World Health Organization Disability Assessment Schedule
2 [14], the World Health Organization Quality of Life
Instruments [15], and the Ontario Perception of Care [16]
survey. In some use cases, the REDCap survey queue may be
used to conditionally deploy certain assessments based on the
responses provided in certain screener assessments. Once the
patient has completed their assessments, anotification isemailed
tothel CP physician with alink to asummary pagein REDCap.
This allows the physician to quickly review the results before
and during the appointment without having to log into REDCap.

Impact of Digitization

Thedigitization of the M DD-ICP MBC component contributed
to a 4-fold adoption rate by physicians in the clinic compared
with the paper-based pilot implementation phase (Table 1).
Digitization resulted in an efficient and streamlined processthat
automatically calculated assessment scores and the ability for
psychiatrists to access and review results before a patient’s
appointment. This practice change, along with clinic-wide
implementation, has contributed to the more than tripling of
MDD-ICP patients seen by the clinic and has improved data
quality. The use of Clinical REDCap ensures a standardized
collection of assessments from patients at each visit and
minimizes missing data. This systematic data collection method
has resulted in the accumulation of high-quality data that may
be used to inform quality improvement projects and to answer
research questions with approval from the CAMH research
ethics board.
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Table 1. Overview of the impact and outcomes of Centre for Addiction and Mental Health major depressive disorder integrated care pathway digital

transformation.

Measure Digitization outcome I mpact
Physician adoption® «  Contributed to a4-fold increase in-clinic physician adoption rate Increased capacity
«  Contributed to adoption by 20 physicians upon digitization compared with 5 physicians
during the paper-based pilot implementation in the clinic
Patient enrollment® «  Contributed to a4-fold increasein total patient enrollment on average per month Increased capacity
« After 6 months of digitization, an average of 49 patients enrolled monthly compared
with 12 patients enrolled monthly during the paper-based pilot implementation
Dataentry time «  Elimination of paper transcription by support staff Increased workflow ef-
«  Elimination of manual calculations ficiency
Compl eteness «  Mgjor reduction of missing values and incomplete assessment packages Increased data quality
«  Automatic date-stamping of all forms
Standardization « 3 new assessments submitted to the common dataelementslibrary for future deployment  Increased data quality

& mpact and outcome of clinic-wide major depressive disorder integrated care pathway implementation and digitization.

User Acceptance

All MDD-ICPclinica care providersweresent a5-point Likert
scale survey to assess their attitudes toward Clinical REDCap.
A total of 18 responses were received, and Figure 5 shows the
results of this survey.

Overal, respondents were satisfied with the system, with 94%
(17/18) of respondents stating that they found Clinical REDCap
useful in their job. Some apprehension was noted with ease of
use, wherein 22% (4/18) to 33% (6/18) of respondents did not
agree that the system was easy to use, that it allowed them to

complete their work more quickly, or that they could complete
atask without help. Despite these reservations, however, most
respondentsindicated that they planned to use the system within
the next 3 months (use of the system is voluntary). From the
free-text responses included in the survey, many respondents
commented that electronic data capture presented major time
savings compared with the previous paper-based entry method,
especialy in terms of the automatic cal culation of scale scores.
Conversely, many respondents noted that the interface could
be moreflexible and user-friendly with better toolsfor tracking
patient trajectories.

Figure5. Clinical REDCap user acceptance questions and responses. CAMH: Centre for Addiction and Mental Health; REDCap: Research Electronic

Data Capture.

Ifind Clinical REDCap useful in my job

Using Clinical REDCap enables me to accomplish certain
tasks more quickly

Ifind Clinical REDCap easy to use

Learning to use Clinical REDCap is easy for me

In general, CAMH has supported the use of Clinical REDCap

Using Clinical REDCap is overall a good idea

I have the resources necessary to use Clinical REDCap

I'm confident I could complete a task in Clinical REDCap if
there was no one around to tell me what to do asI go

I feel apprehensive about using Clinical REDCap

I predict I will use Clinical REDCap within the next 3 monts

Discussion

Principal Findings

Ensuring sustained high-quality data collection is critical for
supporting actionable MBC and clinical decision making.
REDCap has proven to be highly valuable for deploying
complex self-assessment workflows in diverse clinical
environments. A governance model was established consistent
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with the HIMSS 7 designated processes that ensure regulatory
compliance and integrity of the health record. Systemintegration
between REDCap and Cerner established real-time data flow
for completed self-assessments.

Almost all clinical care provider users of Clinical REDCap
indicated that they perceived the system to be useful; however,
the survey revealed some concerns with the perceived ease of
use of Clinical REDCap. These concerns are worth noting given
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that auser’s motivation to use technology ishigher if the system
is perceived as easy to use [17,18]. However, despite these
concerns, al survey respondents indicated that they felt
supported by the institution and that they had the resources
available to use the system.

Efforts are underway to streamline workflows and improve
integration and reporting. Currently, customized summary
reports on questionnaire results are generated by Clinical
REDCap and sent to physiciansto review ahead of the patient’s
appointments for clinical decision making. This process has
also had a positive impact on patient-physician communication
and interaction during visits. However, the current presentation
of self-report questionnaire results and EHR data focuses on
point-of-care evaluation; the accessibility and presentation of
complete treatment response trajectory over time would further
enhance clinical decision support. To this end, enabling
interactive data visualization methods (ie, dashboards) to convey
knowledge about an individual’s treatment trajectory would
provide health care providers atool for rapidly processing and
interpreting the patient’s chart and enhancing individualized
clinical treatment decisions. Such atool would free physicians
from searching and filtering through the patient’s chart, which
can be challenging in a time-pressured clinical setting. Thus,
both Clinical REDCap and EHR dashboardswill be codevel oped
with physicians using human-centered design methodol ogy and
embedded within the EHR to ensure streamline access during
patient appointments. For the MDD-ICP, this dashboard will
feature self-report measures trended over time along with
corresponding treatment such as medication.

One of the corefeatures of REDCap isthe ability to send survey
invitationsviaemail, thereby allowing respondentsto compl ete
self-assessments at their convenience using their own devices.
With the recent pandemic and temporary suspension of in-person
clinicvisits, the demand for such functionality (along with other
virtual care solutions) has never been greater. An approach to
this use case using Clinical REDCap may be configuring
external access only to REDCap survey pageswhile prohibiting
project backend access. This approach would allow off-site
patientsto complete their self-assessmentswhile simultaneously
protecting the project data and setup pages on the internal
network. Although this strategy may precipitate novel privacy
concerns surrounding the use of unsecured email (eg, sending
to the wrong email address or guardians having access to their
dependent’s email account), this concern may be mitigated by
using a patient verification PIN and other verification methods.

Hawley et d

Moreover, only blank self-assessment forms would be sent by
email, and no sensitive health data or identifying information
would be included. Consent language informing patients of
these potentia risks would be another key element in risk
mitigation. A new process using thisapproach is currently being
explored in several clinics that aim to send patients their
self-assessment package 3 to 5 days before their appointment,
followed by a reminder the day before. The self-assessment
summary report can then be reviewed by the clinician or
physician during avirtual appointment. It isanticipated that this
new process will be able to leverage existing workflows and
should not incur a significant increase in workload on the
clinical staff compared with the original tablet-based approach.

Thedesign of MBC pathwaysin Clinical REDCap will facilitate
therapid deployment of these pathwaysin other CAMH clinics.
In addition, the scalable and extensible design of Clinical
REDCap presents an opportunity for CAMH to partner with
community sitesto jointly implement MBC pathwaysin primary
care settings. The use of assessments drawn from the common
data elements library will enable standardized data collection
practices consistent acrossthe ingtitution(s), thereby facilitating
the accumulation of harmonized data that will allow clinicians
and researchersto make meaningful comparisons over timeand
across otherwise independent clinical environments.

Conclusions

REDCap has been successfully deployed for the structured
collection of standardized self-assessments to coordinate and
accelerate the implementation of MBC in clinical practice.
Systemsintegration was achieved between REDCap and Cerner
to automatically transfer PDF and discrete variables from
completed assessments into the patient’s chart. This transfer
maintained theintegrity of thelegal health record and enhanced
clinician or physician decision-making ability. Thus, both a
novel technical infrastructure and acomprehensive governance
modd aligned withingtitutional clinical committeeswere created
to implement this new technology within the clinic. REDCap
was demonstrated to be an effectivetool for theimplementation
and expansion of MBC and | CPs by supporting an efficient and
standardized process to deliver complex longitudinal bundles
of assessments for the duration of a patient’s treatment and by
delivering real-time accessible information to health care
providerstoinform clinical decisions. Thisdigitization process
and integration has been designed to be extensible to other
organizations practicing MBC in mental health and other
disciplines.
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CSV: comma-separated values

DET: dataentry trigger
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JSON: JavaScript Object Notation

MBC: measurement-based care

MDD-ICP: major depression disorder integrated care pathway
MRN: medical record number
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