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Abstract

Background: Many large-scale cardiovascular clinical trials are plagued with escalating costs
and low enrollment. Implementing a computable phenotype, which is a set of executable
algorithms, to identify a group of clinical characteristics derivable from electronic health records
(EHRs) or administrative claims records, is essential to successful recruitment in large-scale
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pragmatic clinical trials. This methods paper provides an overview of the development and
implementation of a computable phenotype in ADAPTABLE (Aspirin Dosing: A Patient-Centric
Trial Assessing Benefits and Long-Term Effectiveness), a pragmatic, randomized, open-label
clinical trial testing the optimal dose of aspirin for secondary prevention of atherosclerotic
cardiovascular disease (ASCVD) events.

Methods and Results: A multi-disciplinary team developed and tested the computable
phenotype to identify adults 18 years or older with a history of ASCVD without safety concerns
around using aspirin and meeting trial eligibility criteria. Using the computable phenotype,
investigators identified over 650,000 potentially eligible patients from the 40 participating sites
from PCORnet, a network of Clinical Data Research Networks, Patient Powered Research
Networks, and Health Plan Research Networks. Leveraging diverse recruitment methods, sites
enrolled 15,076 participants from April 2016 to June 2019. During the process of developing and
implementing the ADAPTABLE computable phenotype, several key lessons were learned. The
accuracy and utility of a computable phenotype are dependent on the quality of the source data,
which can be variable even with a common data model. Local validation and modification were
required based on site factors, such as recruitment strategies, data quality, and local coding
patterns. Sustained collaboration among a diverse team of researchers is needed during
computable phenotype development and implementation.

Conclusions: The ADAPTABLE computable phenotype served as efficient method to recruit
patients in a multi-site pragmatic clinical trial. This process of development and implementation
will be informative for future large-scale, pragmatic clinical trials.

Trial Registration: Clinicaltrials.gov; Unique identifier: NCT02697916

Keywords
Electronic Health Record; Computable phenotype; Pragmatic Clinical Trial; Patient Recruitment

Cardiovascular clinical trials are often plagued by escalating costs, challenging regulations,
and declining site-level participation.12 One source of high costs and complexity is the lack
of efficient methods for the identification and enrollment of participants. The electronic
health record (EHR) represents one tool to facilitate clinical trial recruitment, potentially at a
lower cost.3 The EHR is particularly important for pragmatic clinical trials (PCTs), which
are studies performed within the context of routine care on diverse populations.*

The National Patient-Centered Outcomes Research Network (PCORnet), similar to other
data networks,>8 leverages a standardized common data model with a single, overarching
governance process. PCORnet is a national network of 13 Clinical Data Research Networks,
two Health Plan Research Networks, and 21 Patient-Powered Research Networks with the
goal of enabling investigators to use electronic health data to support clinical research across
broad, diverse populations.® With the adoption of a standardized data model across multiple
institutional participants, a single, well-written query developed by one institution can run
successfully across all institutions to identify large cohorts of potentially eligible patients.

ADAPTABLE (Aspirin Dosing: A Patient-Centric Trial Assessing Benefits and Long-Term
Effectiveness) is the flagship, pragmatic, PCORI-funded clinical trial evaluating the
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effectiveness and safety of 81mg vs 325mg aspirin doses in patients with a history of
atherosclerotic cardiovascular disease (ASCVD) in 15,000 patients.19 Leveraging a
computable phenotype was central to the pragmatic nature of ADAPTABLE. A computable
phenotype is the product of using an executable set of algorithms to identify specific
measurable constructs present in patient records.1? A computable phenotype translates study
eligibility criteria into a query, enabling the efficient identification of potentially eligible
patients for research.®11-14 The components of a computable phenotype include the
presence or absence of diseases, procedures, patterns of medication use, laboratory results,
and clinical events.1

In this methods paper, we describe the development, implementation, and lessons learned
from the ADAPTABLE computable phenotype. The lessons were identified through
discussions of the ADAPTABLE computable phenotype working group and other
ADAPTABLE team members, including clinical investigators, informaticians, data
scientists, and health services researchers. Data were also used from an internal
ADAPTABLE survey of participating sites administered by the trial coordinating center in
2016.

SUMMARY of ADAPTABLE

PCORnet operates as a distributed research network where each Clinical Data Research
Network, Patient Powered Research Network, or Health Plan Research Network retains
control of its data, but makes it available to others for querying. Partner institutions
harmonize the structure of their data through the use of a common data model to enable this
interoperability. The implemented version (v3.1) of the PCORnet Common Data Model at
time of computable phenotype development and initial execution included the 15 data tables.
The specifications of the PCORnet Common Data Model is available online.16

The Common Data Model contains a focused set of discrete data elements including
demographics, diagnoses, procedures, laboratory data, vital signs, smoking status,
medication orders, and dispensing data. With only 15 tables, the Common Data Model
includes only a subset of all data available in the EHR or claims-based system.

Computable Phenotype Development

The major eligibility criteria for ADAPTABLE includes a history of ASCVD defined as
requiring ischemic heart disease, the presence of one or more “enrichment factors” that
elevates the risk for cardiovascular events, and the absence of contraindications to aspirin
use, such as prior severe gastrointestinal bleeding or aspirin allergy. After study protocol
finalization in October 2015, The Duke Clinical Research Institute, serving as the trial
coordinating center, started computable phenotype development and leveraged prior work by
The MidSouth Clinical Data Research Network. The MidSouth Clinical Data Research
Network developed and validated a coronary heart disease computable phenotype with
excellent performance with positive predicted value of 98.5% and sensitivity of 94.6%.17
The next step of development was the creation of technical specifications based on the
ADAPTABLE protocol language.

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ahmad et al.

Page 4

As shown in Figure 1, concepts that appear in the inclusion and exclusion criteria were
generally divided into three categories: (1) concepts directly obtained from Common Data
Model fields (e.g., EHR-derived smoking status, systolic blood pressure); (2) concepts
requiring generated code lists from coded medical terminologies stored in Common Data
Model fields (e.g., medication usage); and (3) concepts not readily available from Common
Data Model fields (e.g., prior coronary angiography with >75% stenosis of at least one
epicardial coronary vessel). Code lists for the second category were created using a number
of different tools, most of which are publicly available,18-21 and were derived from
encounter diagnosis and procedure codes. Codes from problem lists were not used due to
data qualify concerns. Codes from structured past medical history are not mapped to a table
in the Common Data Model.

This computable phenotype was expected to be a “base phenotype” that individual sites
would customize locally. Sites had the option to run the customized computable phenotype
on their PCORnet datamart and include the addition of local data not available in the
Common Data Model. Most sites adapted the code to run exclusively on local systems
instead of their PCORnet datamart. In winter 2015/2016, the computable phenotype was
posted on GitHub?2 and presented to participating ADAPTABLE sites on multiple
conference calls. After this release, each site tested, revised, and validated the computable
phenotype locally.

Computable Phenotype Updates

In October 2016, PCORI approved a revised protocol, which included a number of additions
to the inclusion/exclusion criteria (Figure 1). Based on previously published work,17:23
additional chart review testing the proposed phenotype changes, and extensive steering
committee discussions, the definition of ASCVD was expanded from requiring prior
myocardial infarction, coronary revascularization, or severe coronary artery disease on
coronary angiogram to include patients with a history of clinical ASCVD, defined as a
history of chronic ischemic heart disease, coronary artery disease, or atherosclerotic
cardiovascular disease, and identified using International Classification of Diseases (ICD)
codes. This expansion was a response to sites who indicated that prior coronary angiography
results were neither available in the PCORnet Common Data Model or readily available as
coded data in their EHR systems. Moreover, for the health system sites, these patients often
had tests and procedures at other institutions that were not documented in their EHR
systems. This change, along with a broadened list of enrichment factors, were incorporated
into the computable phenotype and more than doubled the eligible patient population.

The coordinating center posted updates to the computable phenotype via GitHub throughout
the duration of the trial. Sites making changes to their base code were encouraged to post
their work to GitHub or share it with other sites and the coordinating center.

Computable phenotype implementation and patient enrollment

All sites leveraged the computable phenotype as the main part of their strategy to identify
eligible participants. The first phenotype was run at 19 sites across eight participating
Clinical Data Research Networks. The computable phenotype identified 174,785 eligible
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patients. The second phenotype was run at 40 sites across nine participating Clinical Data
Research Networks and one Health Plan Research Network and it identified 657,215 eligible
patients. A total of 15,076 participants were enrolled from April 2016 to June 2019. Figure 2
illustrates the trial recruitment metrics, stratified by the Clinical Data Research Networks
and Health Plan Research Network recruitment efforts.

The recruitment strategies include: mailed letters, secure messaging, phone calls, electronic
health record-based trial recruitment tools, social media campaigns, and traditional in-clinic
recruitment. The details of the recruitment strategies and results will be reported separately.
The section below describes the four principal lessons learned from the implementation of
the computable phenotype.

LESSONS LEARNED

Choose your data sources based on local data quality and study needs

Ideally, in a multi-site trial in a distributed research data network like ADAPTABLE, a
single computable phenotype could be run that would accurately identify eligible
participants. However, during the creation of the computable phenotype, the development
team recognized that completeness and quality of the data can greatly influence the
performance of a computable phenotype,24 and they designed an approach to account for
these issues. For example, using a standardized data model like the Common Data Model
does not guarantee that all of the data are the same (or “normalized” in informatics terms).
The use of a common data model ensures all participating sites will have a local version (or
“instance”) of a database with the same set of tables having the same field names, all
populated according to a set of rules (or “specifications”). On a quarterly basis, the PCORnet
Coordinating Center facilitates data characterization at each site through a series of queries,
which are reviewed for each datamart by the Coordinating Center and local team, and
include assessments for data completeness, data plausibility, and data model conformance.2°
This ensures a baseline level of data quality needed to execute a distributed query like the
ADAPTABLE computable phenotype. Despite following a common set of rules and
undergoing systematic data curation processes, the content of the Common Data Model
often differs among institutions. These differences arise from the makeup of the participating
institutions (e.g. academic facilities vs. community-based care centers), clinical practice and
coding styles, the interval over which electronic data are available or the relative balance of
inpatient and ambulatory data.

The underlying source data, which may come from either EHR systems or administrative/
billing systems, can affect content, and the data quality can differ based on the EHR system
in use. Many of the clinical criteria in the computable phenotype were extracted from all
available codes in the diagnosis and procedure tables in the Common Data Model at each
site; however, sites, based on guidance from the PCORnet Coordinating Center and their
local source systems, decided whether to load codes from EHR or administrative/billing
systems or both. The specific extraction (E), transformation (T) and loading (L) practices
used to move data from the source system into the data model can also affect the data
content. While the Common Data Model ensures a computable phenotype will run at all
participating sites, the results of the computable phenotype “output” in terms of the true
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number of patients meeting the desired criteria at all the sites needs to be interpreted with
caution.

Local factors contribute to the general quality of the available data, which in turn will affect
the accuracy of the computable phenotype. For example, some EHR systems facilitate
mapping key structured data elements, such as medications and labs, to the standards used in
the Common Data Model and by the computable phenotype. Sites with EHR systems more
conducive to accurate mappings, in general, have better data quality and specifically may
have more complete data to use in the execution of the computable phenotype. Some sites
have more accurate death data through linkage to state or national vital records while others
rely exclusively on health system data. These differences led to variations in the ability to
exclude deceased patients. Another factor is frequency of updating the data used for the
computable phenotype. Sites in PCORnet refresh their datamarts approximately every three
months. If the computable phenotype is run directly on the Common Data Model datamart,
new data between the time of refresh and the time of computable phenotype execution are
not included. This concept, referred to as data latency, has implications for accurately
identifying eligible patients for the trial.

Understanding these challenges with EHR data quality and common data models are
essential during computable phenotype development. In ADAPTABLE, these challenges
were addressed by creating a base algorithm that was then tested and customized locally at
the sites by teams of clinical leaders, clinical informaticians, researchers, and data experts.
In most cases, site teams elected to customize and validate the computable phenotype on
local source systems, in part due to concerns with data latency and need to access data not
included in the Common Data Model. These additional data enhanced the identification of
eligible participants and facilitated recruitment.

Recognize and accept translation limitations

Ideally, all of the inclusion and exclusion criteria in ADAPTABLE could be precisely
mapped to electronic data elements. Unfortunately, the translation from written criteria into
valid and actionable code may not be feasible for multiple reasons. Categorizing a disease,
which is inherently complex, into codes creates an opportunity for information loss. For
example, a condition such as three-vessel artery disease is not reliably identified in a single
code or set of codes. Instead, valid and reliable identification would likely be based on
several structured and unstructured data elements within the patient record. Moreover, some
clinical constructs may require advanced computing techniques to fully extract (e.g. the use
of natural language processing to extract left ventricular ejection fraction from unstructured
documents).

When identifying patients with a particular disease, the concept of time in EHR data is
important and requires attention during computable phenotype development. The time
associated with the first diagnosis code reflects the time of entry, and not necessarily time of
onset of disease. Diagnosis codes often persist in a patient’s record well after the disease or
condition has resolved while procedure codes remain fixed to a single time-point in the
record. A patient may be admitted with a “suspected” diagnosis of acute myocardial
infarction, which is appropriately entered as a diagnosis in the EHR at the time of admission.
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However, subsequent inpatient evaluation may have ruled out acute myocardial infarction
and established an alternative diagnosis such as pericarditis. Yet, the diagnosis code for
acute myocardial infarction may persist in the medical record for an indefinite period of
time.

Another challenge can arise from using procedure codes. For example, the PCORnet
datamarts predominantly include data after 2010. The first version of the ADAPTABLE
computable phenotype used procedural codes—ICD and Current Procedural Terminology
(CPT)—to identify patients with a history of coronary artery bypass grafting (CABG)
surgery or history of percutaneous intervention (PCI). However, if a patient had a CABG or
PCI in 2005, those procedural codes would not necessarily be available in the PCORnet
datamarts. A clinician seeing that patient after 2010 would likely only use clinical codes for
chronic ischemic heart disease; thus, querying only for procedure codes would miss these
patients. The second version of the computable phenotype improved identification of these
patients via expanding the definition to include history of chronic ischemic heart disease,
coronary artery disease, or atherosclerotic cardiovascular disease.

For these reasons (and many more), determining and defining incident and prevalent disease
is particularly problematic. The ADAPTABLE computable phenotype accounted for these
challenges by using previously-tested definitions of diseases, including broad criteria to
identify patients with ASCVD, allowing for local validation and customization, and building
in confirmation of key inclusion and exclusion criteria during the enrollment process.

Validate and tailor locally

In a multi-site pragmatic clinic trial using a computable phenotype, the study leadership has
to provide guidance on validation. In ADAPTABLE, the coordinating center asked each site
to develop its own validation strategy of the computable phenotype. Among participating
ADAPTABLE sites, nearly everyone validated the computable phenotype. Validation
practices varied in terms of the process, data availability, and number of charts reviewed.
The Health Plan Research Network validation, for example, focused on optimizing positive
predictive value of the computable phenotype because the network only has access to claims
data and could not routinely review patient charts. Their implementation of the computable
phenotype limited the sample to patients with codes for acute myocardial infarction or
revascularization to minimize risks of misclassification. Validation of the Health Plan
Research Network computable phenotype through chart review of 185 patients demonstrated
a positive predictive value of 90.8%.26

Health system sites developed and executed their own validation plan based on local factors,
including previous experience identifying patients with coronary artery disease for trials, site
recruitment strategies, and resource constraints. Based on local validation efforts, certain
sites further optimized the computable phenotype by including additional criteria on their
computable phenotype and leveraging local data beyond that available in the Common Data
Model. For example, some sites increased the minimum age requirements to reduce the
likelihood of identifying patients with congenital heart disease. Other sites sought to
improve the accuracy of clinical ASCVD identification by including additional
requirements, such as at least 2 instances of ASCVD diagnostic codes, a history of an aspirin
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prescription, or documentation of an ASCVD ICD code by a cardiologist. Due to the
heterogeneity in validation methods across sites and the decentralized nature of the Common
Data Model, we are unable to describe computable phenotype performance across all study
sites.

Providing flexibility for the validation of the computable phenotype locally has benefits.
First, the coordinating center does not have direct access to the data. Second, local
investigators and data scientists understand their data best and are ideal for designing a
validation process that aligns well within their own system. Third, the goal of the phenotype
may vary among sites. For example, a site that plans to send out mass mailings to all
participants may adapt the algorithm to optimize positive predictive values. In contrast, a site
planning for only in-clinic recruitment with chart review by a research assistant may elect to
optimize sensitivity. Thus, it would be challenging for the coordinating study team to
provide significant oversight over the validation process. However, not having guidelines for
the validation process will lead to variation in the extent and quality of validation processes
across sites, which may introduce bias into the study sample selection. The extent of the
guidelines for validation of the computable phenotype should depend on its complexity,
resources dedicated to validation, and ongoing discussions between local investigators and
the coordinating study team.

Questions as a safety net

A computable phenotype will never capture all criteria of interest and it will suffer from
tradeoffs between sensitivity and specificity. To protect the safety of participants and the
integrity of the trial, it is essential to recognize the limitations of the study’s computable
phenotype within and across sites and understand whether additional screening is needed
using mechanisms such as chart review or asking self-reported questions to potential
participants either in-person, over the phone, or via a patient portal. If the limitations of the
phenotype are identified, they can be used to inform the types of questions patients should
be asked prior to enrollment. To this end, during the participant enroliment process using an
online portal in ADAPTABLE, each participant is asked a series of questions related to key
inclusion and exclusion criteria. For the participating Health Plan Research Network, these
questions were essential because their data was exclusively claims-based and lacked
information about exclusion factors such as medication allergies.

Within ADAPTABLE, potentially eligible patients were given the opportunity to confirm
their eligibility by answering questions in a patient portal (Table 1). During the enrollment
period from April 2016 to June 2019, 32,087 patients entered the portal and 18,497
completed the eligibility questions (remaining patients dropped out of the portal prior to
answering questions). As shown in Table 1, the computable phenotype did not identify 896
unique patients with self-reported exclusions to the trial, representing a 4.8% failure rate.
Failure to identify current use of a contraindicated medication represented over half of the
failure rate cases (543/896). An additional 1,342 patients deemed ineligible because they
self-reported an inability to change their aspirin dose. Beyond matching into the computable
phenotype and answering the portal screening questions, additional eligibility confirmation
occurred locally, although these practices varied by site and recruitment strategy.
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DISCUSSION

The wide-scale adoption of EHRs and the development of national, electronic data research
networks with standardized data models have created the opportunity to revitalize the
clinical enterprise infrastructure and optimize the research process. Many challenges
experienced by ADAPTABLE investigators mirror those described by other groups using
EHR and claims data to develop computable phenotypes and conduct observational
epidemiological studies and clinical trials over the last thirty years.12.13.27.28

The ADAPTABLE computable phenotype successfully identified over 650,000 potentially
eligible participants for the trial and helped the trial achieve its recruitment goal of 15,000
patients. Although computable phenotypes can enhance the speed and efficiency of
recruitment efforts, there are many challenges with their implementation within national data
research networks. Through the experience with ADAPTABLE, several key
recommendations were identified that can inform the future use of computable phenotypes
(Figure 3).

Historically, EHR data have not been collected to support clinical research, but instead are
collected for clinical care and billing. As such, it is important for researchers to maintain
reasonable expectations about the utility of EHR data quality to support secondary research.
29-37 prior to implementation of a computable phenotype, sites may require additional data
quality exercises to improve the quality of clinical constructs identified by the computable
phenotype. Beyond data quality issues, important clinical elements are not always easily
extractable from the EHR. Instead, some data are stored in text fields, which is difficult, if
not impossible, to consistently parse. Computable phenotypes may benefit from using a
combination of EHR and non-EHR data sources, such as state or national death data or
disease registries. Administrative claims data have not historically been utilized to identify
eligible research participants. While these systems typically lack clinical granularity, they do
capture qualifying clinical events across health systems.

As learned in ADAPTABLE, a computable phenotype is not a static program. Instead it
should be prepared to respond to changes. Throughout the course of the recruitment period,
the phenotype should respond to changes in source data or alterations to the study protocol.
If the quality of source data changes, the phenotype should be prepared to respond, in kind.
In addition, validation efforts along with recruitment efforts should inform changes to
subsequent computable phenotype iterations. For example, if through validation efforts, a
diagnosis code contributes significantly to false positive rates then removing the code might
be necessary. Alternatively, if the computable phenotype fails to identify sufficient patients
for recruitment, trial leadership should consider altering the phenotype to broaden the
eligible pool.

Implementing a high-quality computable phenotype requires collaboration between the
study coordinating center, the data teams, and study sites. Within each study site, adaptation
and implementation of the computable phenotype requires close partnership between clinical
leaders and data/informatics experts. Their work requires further guidance by their
respective compliance policies. Each team member brings a set of different expertise, from
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understanding clinical workflows, designing appropriate data and IT architecture, addressing
data quality issues along with technical expertise in writing, testing, and customizing
computable phenotypes. Supporting a diverse group requires adequate resources for
personnel and meetings.

A better understanding of electronic data quality, along with developing methodologies to
account for data quality issues, all are important areas for future development and research.
Another key area of research is the development of methodology to combine structured and
unstructured data elements into a portable computable phenotype across multiple sites.38-40
Developing the infrastructure to integrate health system and claims data across large, diverse
populations and the methods to develop a single computable phenotype that runs across both
types of data will help advance the capacity to conduct large, efficient pragmatic clinical
trials. Lastly, improvement in EHR usability and workflow to better capture data, either at
the point-of-care by clinicians or with natural language processing pipelines, could improve
clinical care as well as increase the efficiency of pragmatic clinical trials. This type of work
involves a diverse team, including human factors experts.

This report has important limitations. The ADAPTABLE trial is an ongoing PCORnet
demonstration study, and these lessons reflect the initial experience of sites participating in
this trial. Similarly, the computable phenotype used in ADAPTABLE was designed
specifically for the PCORnet Common Data Model and may not be easily extensible to other
data models or analytical programs other than SAS. Due to the heterogeneity in validation
efforts along with the decentralized nature of the PCORnet, we are unable to report
computable phenotype performance characteristics. However, validation from the Health
Plan Research Network and prior work identifying patients with coronary heart disease
demonstrated a positive predictive value of over 90%.17:26 Finally, the results presented
herein are descriptive reflections of a diverse team of researchers working on the
ADAPTABLE computable phenotype. While the results are a product of a diverse
authorship group (in terms of site location and position within the study), they are
descriptive and serve to provide broad recommendations. Future research on the
ADAPTABLE computable phenotype will focus on quantitative analysis to provide more
specific recommendations.

To our knowledge, this is the first report on the process of development of an EHR-based
computable phenotype and the lessons learned during its implementation in a large, national
US cardiovascular clinical trial. The results of the investigation include broad lessons
learned from experience deploying and implementing a computable phenotype that may be
broadly generalizable to other clinical studies. In conclusion, the most important lesson
learned in the process of computable phenotype implementation is that challenges must be
met with a degree of flexibility, or adaptability, which enables changes based on the data,
resources, sites, and patients.
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— INCLUSION CRITERIA  —

Known ASCVD defined by ANY of the following:

Prior myocardial infarction 2
Prior coronary angiography with 2 75% stenosis of at least one

epicardial coronary vessel 3

Prior revascularization procedure (PCl or CABG) 2

History of chronic ischemic heart disease, coronary artery disease,
or atherosclerotic cardiovascular disease?

+

At least 1 or more enrichment factor:

Age> 65 years !

Serum creatinine > 1.5mg/dL 2

Diabetes Mellitus (type | or type II) 2
3-vessel coronary artery disease 3
Cerebrovascular disease ?

Peripheral arterial disease 2

Left ventricular ejection fraction < 50% 2
Current cigarette smoker *

Chronic systolic or diastolic heart failure 2
Systolic blood pressure >= 140 (last year)!
LDL >=130 (last year) *
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—  EXCLUSION CRITERIA  ——

Patients with ANY of the following conditions:

Female patients who are pregnant or nursing 3
Current or planned oral anticoagulant treatment 2
Current or planned treatment of ticagrelor 2

History of significant allergy to aspirin such as anaphylaxis, urticaria
or significant Gl intolerance 2

Significant Gl bleed within past year?

Significant bleeding disorders that preclude use of aspirin 2

1Direct from Common Data Model
2Generated code list
3 Concept not available in the Common Data Model
- Additions to the study protocol and second computable phenotype

Figure 1. ADAPTABLE Inclusion and Exclusion Criteria Versions 1 and 2.
The inclusion and exclusion for the trial at the time of initial computable phenotype

development included data elements that were directly mapped to the common data model,
identified via sets of code lists, or not available in the common data model. The new criteria
added in Version 2 are annotated with blue arrows. PCI = percutaneous coronary
intervention; CABG = coronary artery bypass grafting; GI = gastrointestinal.

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2021 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ahmad et al.

Page 15

657,215

Patients identified
by computable

phenotype 450’577

496,301 from CDRNs Patients approached

160,914 HPRN
e 289,663 from CDRNs

160,914 from HPRN 3 2 087
V4

Patients to the portal

30,534 from CDRNs
1,553 from HPRN.

18,497

Completing portal questions

17,942 from CDRN.
555 from’;':RN : 1 6 ) 2 5 9
Eligible patients

15,830 from CDRNs
429 from HPRN

15,076

Randomized
14,719 from CDRNs
357 from HPRN

Figure 2. ADAPTABLE recruitment metrics.
The computable phenotype identified a large pool of potentially eligible participants at both

clinical data research networks and health plan research networks. CDRN = clinical data
research network; HPRN = health plan research network.

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2021 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ahmad et al.

Page 16

KEY RECOMMENDATIONS

Have reasonable expectations about the accuracy and quality of EHR data

Perform extensive computable phenotype testing and be prepared for modifications
throughout the study

Create a diverse research team with clinical leaders and data/informatics experts and
involve them throughout the study, including protocol development

Figure 3.
Key recommendations from ADAPTABLE computable phenotype implementation.
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Table 1.

Eligibility questions answered by potential participants in online portal during enrollment.

Portal Question Affirmative Patient Response’
1. Are you allergic to aspirin? 158 (0.85%)
2. Have you had a severe bleeding problem in the past with aspirin? 282 (1.5%)

3. Are you currently taking any of these anticoagulant medications K.

543 (2.9%)

7

Total, unique non-eligible

896 (4.8%)

Page 17

Brilinta® (Ticagrelor), Coumadin® (Warfarin), Eliquis® (Apixaban), Pradaxa® (Dabigatran), Savaysa® (Edoxaban), Xarelto® (Rivaroxaban)

fDenominator:18,497 patients entering the portal and responding to eligibility questions

iPotentiaI participants may be represented in more than one category.
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