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The COVID-19 pandemic has resulted in an unprecedented strain on every aspect of the healthcare system, and
clinical research is no exception. Researchers are working against the clock to ramp up research studies
addressing every angle of COVID-19 — gaining a better understanding of person-to-person transmission,
improving methods for diagnosis, and developing therapies to treat infection and vaccines to prevent it. The
impact of the virus on research efforts is not limited to investigators and their teams. Potential participants also
face unparalleled opportunities and requests to participate in research, which can result in a significant amount
of participant fatigue. The Vanderbilt Institute for Clinical and Translational Research recognized early in the
pandemic that a solution to assist researchers in the rapid identification of potential participants was critical, and
thus developed the COVID-19 Recruitment Data Mart. This solution does not rest solely on technology; the
addition of experienced project managers to support researchers and facilitate collaboration was essential. Since
the platform and study support tools were launched on July 20, 2020, four studies have been onboarded and a
total of 1693 potential participant matches have been shared. Each of these patients had agreed in advance to
direct contact for COVID-19 research and had been matched to study-specific inclusion/exclusion criteria. Our
innovative Data Mart system is scalable and looks promising as a generalizable solution for simultaneously
recommending individuals from a pool of patients against a pool of time-sensitive trial opportunities.

1. Introduction publish results led to questionable ethical choices in research methods

[8,10] and in some cases retracted manuscripts [11]. As research ram-

The COVID-19 pandemic has proven highly disruptive in the plan-
ning and implementation of biomedical research [1,2]. The unforeseen
logistical difficulties that have plagued clinicians during this crisis, such
as shifts in staff responsibilities, the need for physical distancing, and
shortages of personal protective equipment [2,3], have also extended to
researchers planning and conducting COVID-19 related trials. Further-
more, investigators studying COVID-19 have faced additional challenges
unique to this area of research, due at least in part to the inherent ur-
gency to quickly discover safe and effective measures to test, treat, and
prevent the disease, often while attempting to balance and continue
their pre-COVID-19 research priorities and responsibilities.

First identified in December 2019 [4], COVID-19 has been poorly
characterized [5,6], lacking standardized codes for testing and diagnosis
prior to March 2020 [7]. Initial research favored single-arm or obser-
vational studies over randomized clinical trials [8,9], and the rush to

ped up, a flood of trials began entering the pipeline with initial funding
from institutional sources or grant supplements, then giving way to
larger dedicated coordinated trials. Over the next several months, the
National Institutes of Health (NIH) responded to the crisis by re-
appropriating at least two well-established clinical trials networks
within the National Institute of Allergy and Infectious Diseases (NIAID):
The HIV Vaccine Trials Network (HVTN) and the AIDS Clinical Trials
Group (ACTG) evolved into a new and, it is hoped, temporary COVID-19
Trials Network into which complex trials of investigational vaccines and
treatments could be rolled out quickly across multiple existing clinical
research sites. Academic medical centers were faced with unprece-
dented competing demands on their research ecosystems. Healthcare IT
teams, already overtaxed to support increased COVID-19 clinical infor-
matics needs, were called in to assist with pressing requests from the
research enterprise [12]. In addition, data emerging early in the
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pandemic on racial and ethnic disparities in COVID-19 infection rates
and outcomes [13] underscored a critical need to find ways to support
enrollment of underrepresented minority participants in COVID-19
clinical trials [14].

The observed growth of COVID-19 submissions to ClinicalTrials.gov
and to our own internal IRB system suggested to our team at Vanderbilt
University Medical Center (VUMC) that we would ultimately face the
problem of multiple studies simultaneously recruiting from the same
participant pool [15]. This presented additional complexities, as
research teams had historically recruited and worked in a somewhat
isolated fashion without the need to co-coordinate or ‘share’ a popula-
tion of eligible research patients. Initially, our process at VUMC involved
having attending physicians form ‘morning huddles’ to guide inpatient
prioritization for consideration and assignment to specific recruiting
studies. Outpatients, however, not being centrally located, posed a new
problem-how to optimize participant-to-trial matching for a population
not amenable to our internal workflow. Furthermore, the need to
identify potential research participants within hours of their COVID-19
diagnosis presented a unique challenge to researchers testing outpatient
treatments and highlighted a critical need to partner with biomedical
informatics specialists in order to leverage all available systems to fight
the pandemic. We needed to formulate a more efficient system that
would ensure outpatients also had an opportunity to participate in
important, targeted COVID-19 research projects.

As an academic medical institution, VUMC has long embraced a goal
to ensure that every patient has an opportunity to participate in clinical
research. Coupling this aspiration with the desire to support as many
competing COVID-19 trials as possible, we compiled a team from the
VUMC research enterprise that included informaticians, research sup-
port experts, compliance professionals, and research operations key in-
formants. Together, we designed and built a Data Mart for COVID-19
research recruitment with the goal of identifying the ‘right patient at the
right time for the right COVID-19 study’. This Data Mart platform le-
verages REDCap (Research Electronic Data Capture) [16,17] and is
supported by a combination of data feeds (including Fast Healthcare
Interoperability Resources [FHIR][18] endpoints) from our Epic elec-
tronic health record (EHR) system. The Data Mart application aggre-
gates this information along with patient ‘consent to contact’ (C2C)
permissions collected from operational Data Mart workflow, then
automatically generates participant ‘goodness of fit’ assessments for a
pool of actively recruiting trials. The Data Mart also utilizes a ‘virtual
huddle’ model to support the sharing of potential matches across
studies. While originally formulated to allocate participants to outpa-
tient trials, our method is suitable for inpatient trials as well. Here we
describe our Data Mart platform and early results of implementation,
along with a set of generalizable ‘lessons learned’ that may prove
beneficial to other teams faced with similar recruitment and logistical
challenges.

2. Material and methods

The design, development, and deployment of a recruitment-oriented
Data Mart platform required input and support from VUMC policy
teams, health equity experts, Human Subjects Protection experts, and
Privacy Office leadership. Overall Data Mart leadership, technical pro-
gramming, project management, and research stakeholder engagement
efforts were provided by the Vanderbilt Institute for Clinical and
Translational Research (VICTR). The platform was developed in an
iterative fashion, evolving over time to support needs articulated by the
research community most engaged with ongoing or projected COVID-19
trials. Details about the technical platform, data sourcing, and end-user
process design details are provided below.

2.1. Defining Data Mart system requirements

In designing the Data Mart platform, we considered three essential
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goals: 1) evaluate every patient testing positive for COVID-19 for
consideration as a candidate for one or more trials; 2) democratize ac-
cess to the Data Mart matching service for as many research studies as
possible; and 3) respect VUMC'’s ‘opt-in’ policy, which allows patients to
choose whether or not to be contacted directly for research studies
outside of normal clinical provider encounters.

2.2. Choosing a technical platform

Given resource constraints and a design requirement to ensure the
system could rapidly evolve over time, we chose REDCap [16] as our
central platform for data aggregation, management, and reporting
workflow. REDCap is a secure web application developed and dissemi-
nated by our VUMC team and is available at no cost to academic, non-
profit, and government organizations around the world [17]. When-
ever possible, we used native functionality within the REDCap system to
support Data Mart data collection and workflow. In cases where Data
Mart data integration or complex workflow requirements were not
feasible with standard REDCap functionality, we developed REDCap
External Modules. External Modules are add-on software programs that
extend REDCap’s current functionality or allow customizations and
enhancements for REDCap’s existing behavior and appearance. Soft-
ware developers use GitHub for hosting, with externalization to the
global REDCap community through a common dissemination repository
[19].

2.3. Data sourcing

For clinical data sourcing, we prioritized use of Epic HL7-FHIR
endpoints whenever available, supplementing with information from a
centralized VUMC Health Data Repository (HDR) [20] and Research
Data Warehouse (RDW) [21] as needed. The HDR was especially useful
at the beginning of the pandemic when COVID-19 lab results were not
readily available from Epic. Later, we adjusted our pipeline to retrieve
results directly from Epic, but we still use the HDR as a means of iden-
tifying tested patients before results are completed and available.

2.4. High-level Data Mart system architecture

Fig. 1 provides a high-level overview of our system architecture.
Clinical and research participation data are derived from several Epic-
based (FHIR and non-FHIR) resources, while real-time event and data
notifications trigger from the VUMC HDR. Derived and extracted data
necessary for Data Mart operation are stored in two REDCap projects. A
REDCap External Module supports the presentation layer for VICTR staff
and research end-user support.

2.5. Capturing participant preference for contact

A central feature of the Data Mart model is a priori capture and
recording of individuals who are interested and willing to receive direct
contact from researchers about new COVID-19 research opportunities.
VUMC is an ‘opt-in’ research contact institution, requiring special
permission from patients to be contacted by individual research teams if
contact is made outside normal clinical encounters.

Evaluation of numerous study protocol inclusion requirements for
time-to-enrollment after COVID-19 testing and diagnosis highlighted a
need to expedite the opt-in mechanism. Many outpatient treatment trials
would require patients to begin treatment within days of testing positive
for COVID-19, so the system needed to support a workflow in which
patients had the opportunity to consent to contact before their diagnosis
was confirmed. Starting a “Consent to Contact’ (C2C) permission request
after diagnosis would require too much calendar time, thereby elimi-
nating a high number of patients from consideration for COVID-19 trials.
Given this, we decided to initiate the process as upstream as possible by
sending the C2C message to patients immediately after they were tested
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Fig. 1. The system architecture highlights the interoperability across various systems and sources.

(with event triggered by clinical system notification of a COVID-19 test),
rather than waiting for confirmed results from laboratory systems.
Shifting the time for messaging allows patients not only to share their
preference for contact about COVID-19 research, but it also introduces
them to the idea of COVID-19 research earlier. Finally, it also allows
researchers to contact them within hours of the confirmed positive test
result.

To facilitate the C2C workflow, we used an application programming
interface (API) data feed from the VUMC HDR to detect when a new test
was recorded within the EHR. Upon receipt, a medical record number
(MRN) is inserted in a special ‘C2C° REDCap project designed to
immediately and automatically pull basic demographic contact infor-
mation (patient name, e-mail address, contact phone number, and
preferred language) via HL7 FHIR endpoints. REDCap then prepares and
sends to all outpatients an automated message from Vanderbilt’s Exec-
utive Vice President for Research. The default C2C message is created as
an email, in English or Spanish depending on the patient’s known
preferred language as collected in the EHR. If an email address is not
available in the EHR but a mobile number exists, the C2C database sends
an SMS message. Every message includes contextual information and a
link to a one-question survey, available in English or Spanish, asking the
patient if they would like to be contacted directly for COVID-19 research
opportunities at Vanderbilt. Responses are recorded in the C2C data-
base. See Appendix A for examples of English version email and SMS
message.

2.6. Capturing and recording COVID-19 positive test results

To complement the C2C project, REDCap ‘listens’ to another VUMC
HDR data feed for real-time detection of any new positive lab test result
for COVID-19. When detected, the patient’s MRN is registered in a
second database (Data Mart). FHIR and non-FHIR data sources are then
used to automatically extract demographics, laboratory results, vitals,
medications, allergies, problem list, and inpatient/outpatient status -
from the EHR for immediate deposit in the Data Mart. Specifically, data
are extracted that are relevant to known inclusion and exclusion criteria

for Data Mart supported projects. Finally, the Data Mart program
automatically refreshes each known COVID-19 positive patient with an
‘OK to Contact’ flag, collecting this information from the aforemen-
tioned C2C database. This repeating check ensures individuals who test
positive before consenting to contact are included as soon as they con-
sent, and also allows a mechanism to reset a patient’s status if they
change their mind later (either way) about being contacted.

2.7. Creating a study eligibility dashboard

For each participating trial, we code key inclusion/exclusion criteria
rules to run against EHR-derived data for every potential participant
who has agreed to direct contact. These criteria are informed by the
study protocol with input from the PI/study team and driven by what is
computable using retrievable EHR data. The computable phenotype
coding work is performed in a REDCap External Module using a modular
approach, which allows rapid deployment or sunsetting of individual
COVID-19 studies. VICTR Research Support Services (RSS) team mem-
bers use a dashboard in the REDCap system to view ‘just-in-time’ rec-
ommendations for suitability of each patient eligible to participate in
each supported trial. The dashboard snapshot view quickly and easily
provides the following information: study short name, the total number
of current potential matches for that study, which patients have already
been shared with the study team (indicated by an envelope icon), which
patients have not yet been shared (indicated by a check mark), and a ?’
icon that links out to view study specific logic. (See Appendix B for an
example of study-specific logic.) Fig. 2 provides a partially redacted
view of the Dashboard where eligible opt-in COVID-19 positive patients
are listed as rows and each recruiting study opportunity is listed as a
column.

2.8. Onboarding and support process for each new project
The process for onboarding a new project requires multiple steps

(Fig. 3) and is initiated with a REDCap intake form to capture pertinent
study information. Upon receipt, the request is reviewed for
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Fig. 2. Snapshot of the Data Mart Dashboard provides key information at a glance.

completeness and appropriateness. VICTR RSS reviews the study-
specific inclusion/exclusion criteria to determine compatibility with
available data fields in the Data Mart. During an iterative process, VICTR
RSS works with the PI/study team to finalize the criteria to drive the
Data Mart logic. The goal is to provide the study teams with a report that
gets them close to their target population, with the understanding that
additional screening in the EHR will be necessary before a potential
participant is deemed eligible and contacted.

In addition to the study-specific eligibility criteria, additional stan-
dard logic is included for every study, for example, to include patients
who agreed to direct contact and to exclude all inpatients. With the logic
finalized, the study specific external module is added to the Data Mart
and appropriate IRB approval is confirmed. We also developed stan-
dardized template language to describe the Data Mart, which research
teams can use for IRB submissions.

For any competing trials, the respective PIs/study teams are required
to meet with VICTR RSS in a ‘virtual huddle’ to discuss equitable dis-
tribution of potential matches across studies before potential matches
are shared. In that huddle a schedule is developed for sharing patients

equitably across each of the competing trials. Currently a 2-day rotating
schedule is in place. Each day a single study is designated as primary and
gets right of first refusal; the other study is designated as secondary. The
list of potential matches is sent to the primary study in the early
morning. The primary study is expected to screen these patients and
indicate their enrollment status in Epic — for example, Identified, Inter-
ested, Ineligible, Declined, On Study. The list of potential matches,
including any overlapping patients, is then sent to the secondary study
around mid-day. The secondary study team will initially check for any
existing enrollment statuses in eStar. If a patient is designated as Iden-
tified, Interested or On Study they will not continue to screen nor will
they try to contact the patient. This is critical to minimize participant
fatigue and participant confusion. If a secondary study checks that pa-
tient later and sees an enrollment status of Ineligible or Declined, they
can proceed with additional screening and if applicable, contact the
patient. The use of enrollment statuses is critical in promoting trans-
parency across studies and minimizing participant fatigue.

Once the study has been added to the Data Mart and the expectations
have been outlined and agreed to by the study teams, the 2-step process
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Fig. 3. Administrative support is crucial to facilitate operational workflow.

for identifying and sharing potential matches can begin. VICTR RSS
reviews the dashboard for each record flagged with a check icon and
marks each of those individual records to indicate the patient has been
identified as a potential match for the respective study. This results in
the check icon being updated to an envelope to indicate the patient has
been sent to the study team. Next, VICTR RSS clicks on a button within
the Outpatient Study Dashboard to export an excel file containing all the
current matches for the respective study. The file, which contains pa-
tient MRN, name, date of birth, email address, phone number and date of
last COVID positive test, is sent to the study team in a secure manner. For
all subsequent reports, one additional step involves VICTR RSS
removing any patients marked as ‘Sent to Study’ from the exported file
before sharing it with the study team. In total, VICTR RSS spends about
20 min a day reviewing the dashboard, generating reports, and sharing
the reports with the study teams.

After the daily report of potential matches is sent, the workflow shifts
from VICTR RSS and the Data Mart platform to the study team. Once the
study team receives its list of potential matches, they conduct additional
screening via an electronic chart review in Epic to confirm study eligi-
bility. One key aspect of their chart review is to confirm if the patient has
any known current or recent research contact or enrollment activity.
This review is crucial to help minimize participant fatigue. For example,
if a research team is screening for an interventional trial and they
confirm the patient is already on an interventional trial, they would not
proceed as that would be a known reason for exclusion.

3. Results
3.1. Consent to contact model

We launched participant C2C operations on May 1, 2020. In the first
5 months (5/1/2020-10/9/2020), testing awareness generated auto-
mated messages to 62,427 individuals who were tested at the main
hospital or one of 22 VUMC Testing Centers. The vast majority of these
messages were English version emails (see Table 1).

Table 1
Breakdown of C2C messages sent by type, response, and response rate.

Message format Would you like to be contacted directly about potential

research projects related to COVID-19?

Yes No No response

34,300 (79%)

English email (43,287) 5,537 (13%) 3,450 (8%)

Spanish email (408) 19 (5%) 11 (3%) 378 (92%)
English SMS (7,059) 260 (4%) 248 (3.8%) 6,551 (92.2%)
Spanish SMS (368) 20 (5%) 14 (4%) 334 (91%)

3.2. Quantitative feedback - Data Mart

We launched the study-specific workflow, external module, and
sharing of potential matches, on July 20, 2020 for a single study (TREAT
NOW), and have since launched three additional studies:

e Trial of Early Antiviral Therapies during Non-hospitalized Outpatient
Window (TREAT NOW) for COVID-19 (NCT04372628) is an outpa-
tient interventional trial for COVID-19 positive patients. In addition
to logic involving medications, allergies and diagnoses on the Epic
Problem List, a key requirement for identifying potential matches is a
time window of less than 4 days from the date of their COVID test.

o The second study to launch was COVID-19 in Cancer Patients Study

(N-CCaPS): A Longitudinal Natural History Study (NCT04387656).

The main criteria used to identify potential matches, in this case

patients undergoing active cancer treatment, is a scheduled

appointment in an oncology clinic within the next 90 days.

The third study to launch was ACTIV-2/A5401: Adaptive Platform

Treatment Trial for Outpatients with COVID-19 (Adapt Out COVID)

(NCT04518410), another outpatient interventional trial. Like TREAT

NOW, the logic included a tight time window of less than 7 days from

the date of their COVID test. This study also represented our first

competing trial as most of the potential eligible patients overlap with
the TREAT NOW study.
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e The fourth study to launch was Collection of biological samples of
Convalescent patients from COVID-19. This study supports the Passive
Immunity Trial Of the Nation for COVID-19 (PassItOnlI) through the
recruitment of recovered participants to donate convalescent
plasma. This study was a great complement to the outpatient inter-
ventional trials as it is focused on participants > 28 days since their
positive test result.

Of note, ACTIV-2/A5401 and PassItOnII have been deemed high
priority studies for Operation Warp Speed, which is a partnership among
several federal government agencies to accelerate the development,
manufacturing, and distribution of COVID-19 vaccines, therapeutics,
and diagnostics, including the specific goal of delivering 300 million
doses of a safe, effective vaccine for COVID-19 by January 2021 [22].

We report in Table 2 early results for generating study specific po-
tential matches and limited enrollment outcome metrics from each of
these four studies. There are many confounding factors that determine
final eligibility and willingness to participate and enroll in specific
studies. An examination of these factors is beyond the scope of this
report, so we are reporting here only high-level enrollment statuses
based on researcher reporting on their study-specific screening logs. We
report two columns for enrollment (Data Mart attribution + total
enrollment) to illustrate that the Data Mart is complementary with other
methods of recruitment. Ongoing studies are also pursuing enrollment
via clinician referrals, participant-facing printed recruitment materials,
and other methods.

3.3. Qualitative feedback - Data Mart

We asked research teams to provide qualitative feedback on the
utility of the Data Mart, recognizing that the positive utility might be
measured in at least two ways: 1) increasing the rate of recruitment;
and/or 2) reducing the amount of work needed to support recruitment.
Qualitative feedback provided from research teams focused mainly on
time saved, both in identification and screening of potential partici-
pants. The C2C workflow saves significant time by eliminating the need
to go through a patient’s healthcare provider to approach them about a
potential research opportunity. Additionally, the algorithm-based nar-
rowing of the COVID-19 population by study-specific eligibility criteria
saves research coordinator time by reducing the volume of needed chart
reviews.

One research nurse summed it up nicely, “The Data Mart has saved us
hours in this process by filtering for many of our exclusions on the front
end and highlighting the patients who are more willing to participate in
research.” Another stated, “The fact that we have 6 individuals on our
radar who are eligible at this very moment is significant (aka amazing) —
there is no way we would have been able to identify these 6 people
quickly enough had we been tasked with reviewing all the charts of
people who tested positive.”

Table 2
Quantitative Information about initial four studies.

Study Name Date Total Number of Total Number
Launched in Number of Data Mart Enrolled
Data Mart Potential Potential During Same
Matches Sent ~ Matches Time Frame
Enrolled
TREAT NOW 7/20/2020 279 10 28
N-CCaPS 8/27/2020 3 0 0
ACTIV-2/ 9/5/2020 108 2 5
A5401
(Adapt Out
COVID)
PassItOnII 9/21/2020 1300 50 94
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3.4. Operational scalability of onboarding new studies

In addition to the study-specific results, the ability to provide equi-
table access combined with rapid deployment of new studies from both
administrative and technical perspectives was crucial to our evaluation
of the Data Mart. The administrative process — from study intake, to
review, to finalizing eligibility criteria and communicating those to the
software developers — has been streamlined using REDCap. Similarly,
data and technical tools necessary to implement basic criteria have been
developed and are available to support the implementation of each new
study. The main variant across studies is the time it takes to translate
inclusion/exclusion criteria into strict logic based on available data.
While this can vary significantly based on criteria complexity, it has
averaged about an hour for the last couple of studies. Once logic is
finalized, the time required to add a new study is approximately 15
minutes. Provided all regulatory approvals are in place, new studies can
now be onboarded and implemented in as quickly as 1-2 business days.

4. Discussion

The COVID-19 Data Mart is operational and has been successfully
deployed to support screening and recruitment efforts for four concur-
rent trials. The Data Mart promotes equitable distribution of potential
participants among researchers, alleviating competition. Importantly,
this also prevents or at least minimizes the extent to which patients are
contacted simultaneously by different teams about different studies,
which could result in a confusing or frustrating patient experience. This
is only possible if study investigators are willing to collaborate and
cooperate, which is an expectation for studies wishing to use the Data
Mart. In exchange for their collaboration, researchers gain access to a
pool of patients who have already been screened on key eligibility
criteria, thus increasing recruitment speed and efficiency. While this is
important for every trial, the ability to provide an additional tool to
support rapid participant identification is especially critical for high
priority studies, such as those supported by Operation Warp Speed.

The flexible REDCap infrastructure and External Module framework
has been instrumental in building and refining our Data Mart model. It
allows fast, iterative development, and the ability to pivot quickly to
support new ideas. For example, initially we messaged only patients who
tested positive for COVID-19. After several weeks, however, we realized
the need to connect with patients further upstream in the process to
minimize recruitment delays for the time-sensitive studies, and so began
messaging immediately after a COVID-19 test was documented-without
waiting for the result. The REDCap structure has also enabled our
technical methods to be scalable. Inclusion and exclusion criteria for
each COVID-19 trial are encapsulated in an External Module, so that
new studies can easily be onboarded—or completed studies removed—
without potentially compromising the existing application architecture
supporting other enrolling trials. The process of coding study-specific
inclusion and exclusion criteria starts with assessment by an RSS Proj-
ect Manager with input from the study team. Once specifications are
defined, building the computable phenotype and activating the study in
the Data Mart requires approximately ten minutes of programmer time.
While we have considered building a self-service researcher-oriented
interactive query interface, we are not convinced the added efficiency
gain would be worth the additional investment in programming and
training resources for this project.

The Data Mart fosters a partnership between VICTR RSS and each
COVID-19 study team. Serendipitously, we have seen that the model also
promotes coordination and collaboration among the study teams.
Continual, joint monitoring and communication ensures that the right
patients are being identified by the pre-defined criteria, or whether
adjustments are needed. Once competing studies have been onboarded,
study teams meet in a ‘virtual huddle’ with VICTR RSS to agree on an
equitable allocation of potential participants. By working together on
the front-end, research teams have learned about one another’s trials,



T.T. Helmer et al.

which has allowed them to refer patients to one another and to introduce
other research options or differentiate their study when discussing
research with patients.

Transparency is a critical component of our process and is primarily
facilitated by the tracking of patient enrollment status in Epic. A
participant who enrolls in an interventional trial is marked accordingly
in Epic, and is not invited to join another interventional trial, thus
helping to mitigate participant fatigue. Similarly, tracking enrollment
status in Epic allows research teams to determine whether the patient
has previously been contacted or declined consent for another study,
which are important details to acknowledge when contacting the patient
about a subsequent research opportunity.

While facilitating screening and recruitment for COVID research was
our primary goal, developing a system to support inclusion among un-
derrepresented minorities was essential. We designed our process so that
the original C2C message would be delivered in either English or
Spanish, depending on the preferred language noted in a patient’s EHR.
Also, noting that Blacks and Hispanics are roughly twice as likely as
whites (23% and 25% vs. 12%) to rely on smartphones for internet ac-
cess [23], and are more likely than whites to use a smartphone to access
health information [24], we built our C2C project to support SMS
messaging in addition to email. We are currently exploring additional
languages for the C2C invitation and estimate we will be supporting
Arabic in the near future.

Although originally designed to help researchers, our Data Mart also
benefits patients, particularly those who may be emotionally over-
whelmed at the time of diagnosis or too sick to make a confident choice
among multiple studies. An invitation to participate in a COVID-19
clinical trial, delivered soon after a positive test, may provide a mes-
sage of hope to the patient and family in a difficult time. The C2C
message is likely the first trial-related communication received by po-
tential participants, and thus we strived to make it welcoming, infor-
mative, clear, and action oriented. We have revised it since the initial
launch based on feedback from patients, our Privacy Office, and our
Patient Education Department.

We are hearing from research teams that computable phenotypes
and patient-trial matching algorithms are saving time for research co-
ordinators over traditional chart review processes. This indirectly sup-
ports patient privacy because the computable matching process reduces
the number of chart reviews that would otherwise be needed to filter
eligible patients.

The Data Mart has proven successful and valuable for recruitment of
COVID-19 trial participants, but we recognize there is no single perfect
solution to identification of participants for all clinical trials. We have
several other systems in place at VUMC, including native Epic research
tools, ResearchMatch [25], TrialsToday [26], and SubjectLocator [21].
Each system adds collective value to our portfolio of researcher-enabling
tools, and all are complementary. In the case of COVID-19, the new Data
Mart model allowed us to solve two unique challenges: triggering pre-
paratory C2C between lab test order and lab test result; and a novel
method of simultaneously considering and recommending individual
patients for multiple concurrently recruiting trials.

4.1. Limitations

While trying to make our system as inclusive as possible, we
excluded two populations in favor of rapid development and imple-
mentation. Privacy safeguards at VUMC render the opening of employee
EHR records more complex and time-consuming than for external pa-
tients. For the sake of speed, we decided to forego sending our C2C
message to employees for now. While we initially included messaging
for our pediatric population, the absence of pediatric-focused studies
requesting to use the Data Mart resulted in an early pause on outreach to
this population. Technically, moving to include both employees and
pediatric populations will be straightforward, so the Data Mart platform
is ready if and when policy decisions are made to support inclusion.
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While the percentage of non-responders to our C2C message is fairly
high, we do not know how many of the messages are undeliverable or
are being filtered out by email servers. The large majority of COVID-19
tests at VUMC have a negative result (88%); many people are being
tested who have no symptoms of COVID-19 and no reason to believe
they have been infected. These patients may view the C2C message as
irrelevant. Also, we have not yet translated the C2C message into lan-
guages other than English and Spanish; thus, we are missing some po-
tential participants who speak other languages.

Despite positive feedback, we recognize the Data Mart is not the lone
or ultimate solution for participant evaluation and recruitment into
COVID trials. The ACTIV-2 study team has relayed that the ‘declined to
enroll’ rate for complex interventional trials like ACTIV-2 is consistent
between the Data Mart and other recruitment methods. Nevertheless,
the ACTIV-2 study team also expressed that the process has saved
immeasurable time by filtering out ineligible participants and by initi-
ating the C2C process. With incredible limits and pressure on research
staff and workloads, the Data Mart has eliminated much of the work
required on the front-end of patient recruitment by providing teams
with a cohort of likely eligible patients who have already expressed a
willingness to be contacted about research.

As a result of Vanderbilt’s research contact opt-in policy, we are not
using all of Epic’s native functionality. We recognize that these tools
might partially negate the need for select components of our model,
especially the C2C invitation workflow. That said, public interest in
COVID-19 research is high [25,26], so our rates of interest in C2C where
we are proactively triggering invitations on an event (testing) may be
higher than we would see in a more general request framework. Our
computable approach to matching a pool of patients to a pool of po-
tential trials also ensures a high level of flexibility and customization
with minimal IT investment on a per-study basis.

Our current participant eligibility distribution workflow is depen-
dent on RSS personnel to serve as the honest broker and share daily
matching reports with each respective study. This requires someone to
log into the Data Mart, mark each new ‘match’ for the respective study,
export the matching report and share it with the respective study team in
a secure manner. While the level of effort at this point is minimal (20
min per day in serving four concurrent trials), eliminating this ‘honest
broker’ dependency would make the model even more scalable. We
consciously made the decision to implement our facilitated honest
broker model over a purely self-service researcher workflow for expe-
diency. We are learning lessons in our current work with COVID-19
research teams that will be helpful in making design decisions should
we decide to later build a fully automated system.

4.2. Lessons learned

The concepts and lessons learned from developing and implementing
our Data Mart platform should be transferrable and valuable to others
designing or considering adoption of similar systems.

(1) Transparency, trust, and teamwork are foundational re-
quirements for leading-edge innovation projects like this one.
Multiple concept discussions were needed with regulatory and
compliance leaders before considering launch. Our culture at
VUMC favors innovation and is based on many years of cross-
team collaboration. Given this high level of trust, institutional
leaders are willing to support multiple iterations of concept
clearance when needed. The patient messaging for our ‘consent to
contact’ language is a great example and has gone through
several iterations and review cycles from the Privacy Office and
Patient Education Department.

Technical architecture and tools are important, but they comprise
only a part of the process and its success. Administrative support
is crucial, as is the willingness of study teams to collaborate and

(2
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be as transparent as possible about their outreach to potential
matches and the subsequent outcome.

(3) In an evolving pandemic, perfect is the enemy of good and there
is no way to confidently define long-term system requirements
and specifications. We focused all energy on solving a perceived
(and later confirmed) need, then allowed our methods to evolve
over time. In some cases, a short-cycle sprint of work highlighted
errors in assumptions or unexpected dependencies, so we were
forced to backtrack after gaining more information from one or
multiple stakeholders. In all cases, we considered the platform to
be an evolving solution and our choice of REDCap as an archi-
tectural platform allowed very rapid technical prototypes that
were easy to evolve or rebuild.

(4) Lower-tech solutions are often very useful when timing is critical,
and assumptions are untested. An example of how this strategy
worked in practice was our ‘honest broker’ huddle process. We
could have spent months perfecting it, only to realize our as-
sumptions were incorrect. Instead, by instituting the huddle early
on, we were able to make it a work-in-progress and improve upon
it as we gained insight from actual discussions on patient allo-
cation. Another low-tech example involves our methods for
evaluation of participant enrollment after Data Mart recommen-
dations are made. We may eventually build a participant attri-
bution workflow module into the Data Mart, but coordinators
have been very receptive to using their existing screen logs to
supply evaluation metrics whenever requested.

(5) It is constructive to explore and recognize multiple ways to
evaluate success. In our early assessment exercises, we recog-
nized that success could be measured by increasing the rate of
enrollment for trials and also by reducing the time required by
study personnel to evaluate patients for enrollment. Our
approach minimizes the need for study teams to forage through
medical records and reduces ‘cold-calling’ by study teams. Given
upfront C2C workflow, fewer contacts are needed to enroll the
same number of participants and this gain in efficiency has been
cited by research teams to be as important as the effective rate of
recruitment. We also reduced the need for study teams to go
through the provider to gain the patient’s permission for research
contact. This is especially critical during a pandemic when de-
mands on clinicians’ time are already excessive.

(6) Focusing on a specific problem while also considering general-
izability for future use cases is advantageous. There is nothing
particularly unique about COVID-19 in our approach to building
the Data Mart system and we are already thinking about future
ways to abstract concepts and technical tools for other recruit-
ment and enrollment workflow solutions.

5. Conclusions and future directions

The REDCap-based Data Mart is operational and yielding beneficial

Appendix A. . Patient email and text message (English)
English email

Subject: Learning more about COVID-19 research
Hello [first_name],
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results for the VUMC research enterprise. We will continue to learn and
grow the system as we onboard each new study, but the overall frame-
work is working well and equitably serving both patients and re-
searchers in the conduct of research during the current pandemic. While
the details of our approach are somewhat unique to VUMC systems, the
overall methods and lessons learned should be transferable. This light-
weight technology approach is not unique to the COVID-19 recruitment
space and we believe it could be customized for use in other biomedical
research domains where multiple trials should be considered for each
patient (e.g., diabetes clinic, movement disorders clinic). In Appendix 3,
we provide details on data sources, logistics, and reporting as guidance
for other institutions considering a similar implementation. We are
happy to share our model, REDCap project dictionaries, and External
Modules with others and plan to do so through webinars and other
dissemination channels.
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As you know, COVID-19 has led to a public health crisis. In just a couple of months, the pandemic has made a deep and lasting impact on our

patients, our community, our state, our country, and our world.

We need your help—now more than ever. By learning about the COVID-19 research we’re doing at Vanderbilt, you can help us win the fight against

this pandemic.

As our colleagues in our hospitals and clinics provide the best care possible to all our patients affected by COVID-19, our research community is
joining them in the fight. Together with some of the country’s top experts in clinical care, infectious diseases, and emergency planning, our world-

renowned researchers are focusing on finding ways to:
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e best treat all patients who are sick with COVID-19,
e slow or stop the spread of COVID-19 from one person to another, and
e prevent COVID-19 infection.

If you would like to learn more about COVID-19 research at Vanderbilt, tell us how you would like to be contacted. Use the link below to take a
short survey.

Click on the link below to open the survey in your web browser:

Patient Preference for Research Contact

If the link above doesn’t work, try copying it into your web browser:

[survey-url:patient_preference_for_research_contact]

This link is just for you. Don’t forward it to anyone else.

If you have any questions, please call (615) 322-7343, or email research.support.services@vumec.org.

Thank you for letting us care for you, and for your support of our research programs.

Sincerely,

Gordon R. Bernard, MD Professor of Medicine Executive Vice President for Research Director, Vanderbilt Institute for Clinical and Translational
Research (VICTR)

English Text Message

Hello [first_name],

Vanderbilt Medical Center needs your help in the fight against COVID-19.

If you would like to learn more about COVID-19 research at Vanderbilt, tell us how you would like to be contacted. Please click on the link below to
take a short survey.

[survey-url:patient_preference_for_research_contact]

Questions? Call (615) 322-7343 or email research.support.services@vumec.org (mailto:research.support.services@vumec.org).

Thank you for your support of research programs.

Sincerely,

Gordon R. Bernard, MD, Executive Vice President for Research

Appendix B. . Example of study specific logic

Logic for the Adapt Out study

The following logic may be tested using REDCap's built-in reporting feature. DO NOT combine logic from multiple blocks below.
Run a report for each individually instead. Mixing logic between multiple repeating instruments sometimes works, but is
technically not supported and can cause very odd results.
Include Logic - Match All
[donotcontact] != 1
and [is_deceased] != 1
and ([contact] = 1 or [contact_sp] = 1)
and [current_inpatient] = @
and ([age]»=18)
and
([labs_loinc_code]="94533-7" and [labs_wvalue] = "Detected")
and
(datediff([labs_time], "now', 'd*) <= 7)

‘ View Results For Above Logic |

Exclude Logic - Match Any

([medication_status] = "active™)
and
contains([medication_label], "hydroxychloroquine"})
tains([medication_label], "hydroxychloroquine”))
or
(contains([medication_label], "chloroguine™))
or
(contains([medication_label], "ivermectin™))
o

(contains([medication_label], "remdesivir™))

‘ View Results For Above Logic |
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Appendix C. . C2C and Data Mart — Data Sources, logistics Details, and reporting process

o Data Sources
o The C2C Project
m A “Test sample collected” message is received from Informatics Aggregation Team (RDW), and a medical record number (MRN) is added
to our C2C project
= Within a few minutes (cron), our COVID-19 Registry module populates patient details and Alerts & Notifications are sent to matching
emails or phone numbers
= Demographics are populated via a FHIR call to Epic
= Inpatient statuses are populated via a Census Data feed from the Informatics Aggregation Team (RDW)
m Patients respond at their leisure and update their consent to contact fields, which the COVID-19 Registry module also copies to the Data
Mart
o The Data Mart
m As new studies are added, they provide their inclusion/exclusion criteria which are manually reviewed & coded into the Advanced
Reporting module by our team
m Every few minutes (cron) our COVID-19 Registry module adds new records to our Data Mart
m A list of COVID positive MRNs from the Informatics Aggregation Team (RDW) determines which new MRNs to add
m Inpatient statuses are populated via a census data feed from the Informatics Aggregation Team (RDW)
m A Data Mart fetch is performed only on new MRNs to immediately populate demographics, labs, medications, allergies, and the
problem list
m Every hour appointments are updated for all existing MRNs via the Appointment Sync module which accesses Health IT’s appointment
search service (a thin wrapper around Epic’s scheduling APIs).
= Once a day, the Data Mart automatically updates demographics, labs, medications, allergies, and the problem list for all existing records
o The Study Enrollments Project
m An EOA rule pushes patient study enrollments in real-time from Epic to the Epic Participant Updater REDCap External Module and Epic
Participant Updater (catch all) project
e Resulting Report
o Every hour, the Advanced Reporting module runs previously defined inclusion/exclusion criteria for all studies against all the above data sources
and caches the resulting “Outpatient Study Matches” report on the Data Mart project.
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