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Background

A main focus of the US Food and Drug Administration’s Sentinel System Five-Year Strategy 1,
2019-2023, is to expand access to and use of electronic health record (EHR) data to support
regulatory decision-making about the safety and effectiveness of medical products. The
Innovation Center, one of three Sentinel centers, seeks to incorporate emerging data science
innovations, such as natural language processing (NLP) and machine learning, to address a lack
of valid and robust computable phenotypes for many health outcomes of interest in Sentinel
queries.2 A key objective of the Innovation Center is to identify EHR data sources to incorporate
into Sentinel to expand Sentinel’s data infrastructure, to enhance its computable phenotyping
capabilities, and to support signal detection and inferential activities related to regulated
medical products.

The Innovation Center launched the horizon scan of EHR databases and empirical queries
project to identify and assess potential partners that could contribute the necessary data to
Sentinel. These potential partners could include existing Data, Expansion, and Innovation
Partners as well as data sources not currently included in Sentinel. The first phase of this project
will develop and implement a horizon scan and series of interviews to identify potential EHR
sources and registries and conduct initial feasibility assessments of these potential partners for
enhancing the Sentinel System. The second phase of this project will conduct empirical queries
in a set of the most promising EHR databases identified and recommended from phase to better
understand the data available from potential partners, to evaluate the potential partners’
processes and readiness to perform the queries, and to identify potential barriers to integrating
the potential partners into Sentinel.

Project Overview

To address the Real-World Evidence (RWE) Data Enterprise mandate,” FDA has tasked the
Sentinel Innovation Center (IC) and Sentinel Operations Center (SOC) with establishing a
query-ready, quality-checked distributed data network containing electronic health records for
at least 10 million lives with reusable analysis tools. A key first step in establishing such a
network is identifying and assessing potential partners that could contribute the necessary data
for this system, including existing data, expansion, and innovation partners, as well as data
sources not currently included in Sentinel.

The purpose of the horizon scan of electronic health record databases project (hereafter
referred to as EHR horizon scan) is to develop and implement a horizon scan and series of
interviews to: (1) identify viable EHR sources to fulfill the RWE data enterprise mandate;(2)
conduct interviews with these potential partners to understand their data and capabilities for
meeting the needs of this system; and (3) conduct empirical queries with a smaller subset of
potential EHR data partners to more closely examine the suitability of the data for Sentinel.

Although existing Sentinel Data Partners can already provide query-ready and quality-checked
EHR data for more than 10 million lives, the horizon scan will ensure a thorough search of US
EHR resources with a particular focus on identifying and evaluating potential new sources of
data on pediatric, cancer, and pregnancy/birth outcomes, cause of death data, and COVID-19
patients and their health outcomes and treatments.

* https://www.fda.gov/news-events/fda-voices/fda-budget-matters-cross-cutting-data-enterprise-real-
world-evidence
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The EHR horizon scan project involves four sequential steps conducted in two phases. As part of
phase 1, Step 1 included a literature review to identify viable EHR sources appropriate for
further consideration in fulfilling FDA’s RWE data enterprise mandate. Step 2 compiled
information on the most promising EHR data sources and involved a preliminary questionnaire
(herein referred to as Step 2a), completed by the partners, and a secondary questionnaire
(herein referred to as Step 2b) administered as a structured phone interview. Step 3 of the
project provided further opportunity for representatives from promising EHR data sources to
share additional information and understand the specific goals of the IC to ensure alignment
with meeting the RWE data enterprise mandate. Finally, the last step, conducted in Phase 2 will
select three of the most promising EHR databases identified and recommended from Phase 1 to
plan for and execute empirical queries. These queries will be used to inform planning of the data
expansion process. The queries will be designed to: (1) better understand the data available from
each potential partner; (2) evaluate the potential partners’ processes and readiness to perform
the queries; and (3) identify potential barriers to integrating the potential partners into Sentinel.

The goal of this report is to summarize the work conducted in Phase 1 of this project by
highlighting the findings from both the preliminary and secondary questionnaires that were
administered in November - December 2020 and January 2021, respectively.

Objectives

The purpose of the horizon scan of electronic health record databases and empirical query
project is twofold:

In the first phase of this project, we aim to develop and implement a horizon scan and series of
interviews to: (1) identify viable EHR sources to fulfill the RWE data enterprise mandate; and
(2) conduct interviews with these potential partners to understand their data and capabilities for
meeting the needs of this system.

In the second phase of this project, we aim to conduct empirical queries in three of the most
promising EHR databases identified and recommended from phase 1. These queries will be used
to inform planning of the data expansion process.

This report summarizes the findings of the Phase 1. A separate report will summarize the
activities of Phase 2, once those are completed.

Methods (Step 1)

Search strategy

We used PubMed to conduct a scoping review to identify EHR data sources of interest. We
sought to identify databases that have been used in at least one published biomedical research
article to indicate that the database may be capable of supporting scientific studies. As most
medical institutions in the US now have electronic medical records, we focused on sources that
comprised data from at least two sites. We developed a search strategy to select for human
subject research articles published in the English language between the dates of January 1, 2018
to June 18, 2020. A recent timeframe was chosen to limit the identification of data sources that
are no longer available. The search strategy was developed with Medical Subject Headings
(MeSH) terms referencing electronic health records, and selected for certain study types,
including Clinical Studies, Comparative Studies, Observational Studies, and Randomized
Controlled Trials (see Appendix A for full search filter).



Review and Exclusion

Titles and abstracts were examined by one member of the study team (WH) to identify articles
of interest for further review. We excluded papers that were clearly not focused on biomedical
research performed with EHR data, studies utilizing only non-US data, and those performed at a
single institution or site. Articles that focused solely on improving EHR systems and processes
were excluded. We supplemented the PubMed search with additional searches of the world wide
web to identify and exclude those databases that no longer exist and those that appeared to be
EHR software vendors without an accessible EHR database. Based on the web searches, we also
combined certain EHR data sources into single unique entities, where appropriate. For
example, when a particular database changed names or when two or more organizations’ data
sources had been merged, we grouped the corresponding articles together under the current
name. We supplemented the search by including additional data sources that were identified via
the web search and that met eligibility criteria.

Data Extraction

The following information on each unique EHR data source was extracted from the identified
articles and supplementary web searches conducted between May, 2020 to December, 2020:
name of EHR data source or organization, number of sites or centers from which EHR data are
sourced, geographic region of the US that the data source covers, care settings (e.g., inpatient,
outpatient, both), approximate patient population size, mentions of linkages to other data
sources (including health insurance claims), and years of EHR data coverage.

Results (Step 1)

The PubMed search yielded a total of 4,446 hits (Figure 1). After an initial title and abstract
screen, 348 (8%) articles were retained for further review. These articles identified a total of 110
EHR data sources that potentially met eligibility criteria, including those identified by the web
search. Of these, 36 were subsequently excluded as duplicates (n = 12), single site EHR data
sources (n = 9), EHR software vendors with no evidence of an accessible research database (n =
4), and data sources that no longer exist or do not appear to have recent information available (n
= 3); 8 were excluded for not meeting other eligibility criteria. Of the 74 remaining unique data
sources, 21 (28%) were existing Sentinel collaborators, 2 (3%) were government entities, and 51
(60%) were non-government EHR databases that were not current Sentinel collaborators. Of
these 51, 9 (17%) were EHR aggregators, EHR networks, or Health Information Exchanges; 19
(37%) were health systems; and 23 (45%) were specialty data sources.

Appendix B provides an overview of all 74 unique data sources, including the type of EHR data
they contain, the general size of the database in terms of numbers of facilities or providers or
numbers of patients covered, the US region covered, a brief description of each data source, and
references to related articles. The unique data sources varied widely in their size and coverage.
For example, one EHR database included data from two hospitals and another organization
holds data from >160,000 providers.

The specialty data sources covered a wide range of clinical areas, including allergy, anesthesia,
cancer, cardiovascular, dental, dermatology, kidney, neurology, ophthalmologic, pediatric,
trauma, and wound care. Some data sources were specific to certain states or cities while others
included data from around the US.



Discussion (Step 1)

This scoping review identified many potentially viable EHR data sources that might be able to
support expanding Sentinel’s capabilities. The data sources identified vary widely in their
geographical coverage, inclusion of specialties, size, and coverage of various care settings.

The results of this scoping review should be viewed in the context of several limitations. First, to
keep the search and review process tractable, we limited the search to databases identifiable via
biomedical research articles in PubMed. While this helped to ensure that identified data sources
might be research-ready, this approach likely missed newer or emerging data sources from
which research articles might not yet be published.

This scoping review was also limited to identifying potentially useful EHR data sources based on
information available through published articles and on the world wide web. We therefore could
not do a thorough review of the content, completeness, and quality of each data source nor did
we assess whether the organizations holding the data would be capable of supporting Sentinel
activities from operational or governance perspectives.

To gain greater insights into EHR data source characteristics and well as operational and
governance considerations, Steps 2 and 3 of this project will entail interviews with select
potential partners to understand their data and capabilities for meeting the needs of Sentinel.
The last step, conducted as part of Phase 2,will extend that assessment further through
conducting empirical queries in select EHR databases to better understand the data available
from potential partners, to evaluate the potential partners’ processes and readiness to perform
the queries, and to identify potential barriers to integrating the potential partners into Sentinel.

In conclusion, this scoping review identified many potential data sources that could be useful for
expanding Sentinel capabilities for analyses of EHR data. Subsequent assessments of these data
sources — including surveys and empirical queries — are needed to further understand the
viability of these data sources for supporting Sentinel activities.



Figure 1. Flowchart of search results and unique electronic health record data source
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Overview of outreach to EHR data partners (Steps 2 and 3)

Informed by the literature review conducted in Step 1, the aim of Step 2 was to identify and
prioritize a subset of EHR data sources that would meet the FDA’s RWE data enterprise
mandate for the IC. Step 1 identified 110 unique EHR data sources, of which 36 were excluded
for several reasons including being single sites, no longer existing, and acting solely as EHR
vendors. Figure 1 (shown on page 9) illustrates the findings from the Step 1 literature review.
The IC contacted a total of 12 EHR integrated partners that were existing Sentinel Partners; a
total of 11 completed Step 2a, by completing a preliminary questionnaire. The workgroup
identified 10 potential new partners, for which six participated, two did not respond, and two
declined to complete Step 2a.

Preliminary questionnaire overview (Step 2a)

The primary goal of administering the preliminary questionnaire (Step 2a) was to open
communication between the IC and the potential EHR data partners and gain a better
understanding of technical and governance features of both new and existing data sources. The
secondary goal was to identify the subset of data sources that would best align with the RWE
data enterprise mandate by FDA, before proceeding onto Step 2b, completion of a second
questionnaire.

The preliminary questionnaire was administered to partners via email in November and
December 2021 and focused on a specific set topics related to the technical features and
characteristics of the data sources. The first three questions focused on the number of patient
lives represented in the EHR data source, the number of visits or encounters a patient had, and
the number of patients with at least one visit in the EHR in each of the last three years. The
fourth question asked about the various data elements available in the data source for analysis.
Question five asked about the time period for which data was available and question six asked
about the types of care settings available. Question seven asked how frequently the data are
updated. Finally, the last question asked about the types of coding schemes available. For a full
list of questions and sub-questions, please refer to Appendix C.

Secondary questionnaire overview (Step 2b)

The goal of the secondary questionnaire was to build upon the information gleaned from Step 2a
and conduct in-depth interviews with the most promising EHR data sources identified,
prioritizing new partners. A detailed list of questions for these interviews was provided to
interviewees in advance of the interviews to ensure efficient use of time and to allow
interviewees to prepare and provide complete and accurate responses. The questions were
organized into ten topic areas; the majority of time was spent on the five topic areas that covered
how data was captured, data models used, research capabilities, quality control and quality
assessment of the data, as well as collaboration and governance. As time allowed, partners were
also asked to explain any unique characteristics of the patient population or characteristics of
specialty data, including pregnancy, oncology, and death data. A detailed list of questions can be
found in Appendix D.

Follow-up discussions (Step 3)

The goal of the follow-up conversations with a select subset of potential Data Partners was to
delve deeper into the findings from the preliminary and secondary questionnaires and
interviews. A selection of the most promising Data Partners, as well as several that covered
specific populations and care settings of interest, were invited to talk in more detail about
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certain aspects of their data and processes. These conversations were guided by a few main
questions of interest, but informal enough that the Data Partner representatives could expand as
much as possible on the outstanding questions of interest that were specific to each Data
Partner.

Question topics included:
1. What kind of access is available to clinical text?
2. What is the time required for contracting?

3. Please characterize the quality-control processes used when mapping health data
including, for example, labs, from the “X” unique DPs into your data source’s
“standardized format”

4. Data stability over time

5. Could you provide an example of a published analysis that illustrates the strengths of
your data?

6. Isit possible to access unstructured clinical notes from the EHRs from which data are
obtained, and if so, what types of notes (e.g., outpatient encounter notes, pathology
reports, imaging study reports)?

7. What capabilities and advantages does your data source have that differentiate the data
source from other EHRs data sources?

Findings (Steps 2 and 3)
Preliminary questionnaire findings (Step 2a)

Patient lives represented in the EHR data sources, data elements, and coding schemes

available

The range of patient lives represented varied among the 17 partners that responded and was not
directly related to the type of data the partner had (e.g. claims only, claims and EHR, EHR
aggregators). For example, existing partners with integrated delivery systems had total patient
lives ranging from 400,000 to 2.9 million. For existing claims-based insurers and/or EHR
aggregators, patients live totals ranged from 53 to 150 million. All new partners that returned
the preliminary questionnaire, with the exception of one focused on specialty care, had slightly
higher total patient lives, ranging from 62 to 280 million.
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When asked how many patients had at least one visit in the EHR data in each of the last three
years, the answers were split proportionally between “few”, “about half,” and “most”. See Table
2. below for the breakdown of responses.

Table 1 Patient representation in EHR over each of the last three years
New -= 2 3 1 -
Existing - 3 4 4 --

Data elements available (see Appendix C . Question 4 for the full list) were consistent across
all partners with most having access to coded data using standard terminologies, prescription
administration and dispensing information, lab, imaging, pathology, and radiology procedures,
as well as demographic characteristics, diagnoses, and medical history. Few of the partners have
procedure notes, lab, imaging, pathology and radiology notes, or free text clinical notes. See
Figure 2 for proportion of each available data element across Data Partners.
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Figure 2. Number of Data Partners with inpatient and outpatient data available, by data element
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The final question of the preliminary questionnaire asks about coding schemes (e.g., NDC, ICD-
9, ICD-10, LOINC, SNOMED-CT) available for use. Generally, most coding schemes listed were
available at all partners. See Figure 3 for the number of Data Partners with each coding scheme
available.
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Figure 3. Number of Data Partners with coding schemes of interest
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Data source time availability, care settings, and data updates

Questions 5-7 in the preliminary questionnaire cover the years of available data, care settings,
and how often the data are updated. The earliest data available dates to pre-1980, though it was
fairly consistent across partners that the highest volume of data was over the past five years.
This is not surprising, as the mandate requiring electronic medical records for all practitioners
took effect in 2014. °

Most data sources reported having inpatient, outpatient/ambulatory, and emergency
department settings included in their data, although some are dependent on linkages or are
facility dependent. A few sources only covered a single care setting (e.g., inpatient only or
outpatient only). See Figure 4 for number of Data Partners with data available in each care
setting of interest.

*American Recovery and Reinvestment Act (ARRA) of 2009
https://www.congress.gov/bill/111th-congress/house-bill/1/text
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Figure 4. Number of Data Partners with data available in specific care settings
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When asked about how often data is refreshed, nearly a third of partners update daily, a quarter
update quarterly, and nearly one third update monthly. This breakdown did not differ between
new and existing partners.

Prioritization for Step 2b
Based on findings from Step 2a, the workgroup prioritized all new partners for Step 2b.

Structured questionnaire (Step 2b)

As described above, Step 2b focused on 10 topic areas of interest, with a focus on understanding
if each data source aligns with the needs of the RWE Data Enterprise, the mechanism for
accessing the data for safety assessments, the degree of overlapping patient lives with the
current Sentinel Common Data Model (SCDM), quality control and assessment, and governance
issues that could deter a partner from engaging in future queries.

Cross-cutting considerations

Though partners completed the preliminary questionnaire in Step 2a, outlining the data
elements available, Step 2b was intended to provide more details on some of those elements of
interest (including pregnancy, lab, and death data).

Of the seven DPs who completed secondary questionnaire:

e Patient lives in EHRs with claims linkage: four had all or a portion of EHR data linked to
claims data

e Extracted clinical concepts (a subdomain of natural language processing): four had
extracted clinical concepts, one of which had this for both the inpatient and outpatient
caresetting

e Pregnancy: four had information on pregnancy, one of which also had the ability to link
the mother and infant

¢ Death: four had information on death, with the caveats including ability to identify only
in the inpatient setting or if captured in the HER. Additionally, one data partner
mentioned a lengthy lag for death data.

e Specialty care settings (e.g. oncology): six had access to specialty care settings and two of
those also had access to registries
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e Lab procedures and values: six had lab data available, two of which had both inpatient
and outpatient labs

In addition to considering the types of data elements at each partner, a goal of this phase was to
assess the degree of ease in accessing the data for safety assessments, the type of data model
being used, quality control and assessment, and governance issues that could deter a partner
from engaging in future queries. Most partners followed their own data model, and all had their
own quality control and quality assessment measurements; some partners provided additional
supporting documentation outlining this information.

Data partners covered from 2.7 million patient lives to 280 million patient lives, most with 1-10
encounters per patient per year. Most used their own, OMOP or FHIR® standards as their
technical data environment. Four data partners currently link to claims data, with one in planning to link
their EHR data to claims data in the future. All have quality control and quality assessment processes that
vary by Data Partner and include FHIR® validator technical standards to partner-specific processes and
checks. Few Data Partners allow direct access to data, and would need Data Use Agreements or other
contracts to allow collaboration.

Follow-up discussions (Step 3)

Six Data Partners participated in follow-up discussions including one specialty care setting Data
Partner that had not previously participated in the questionnaires and structured interview.
These additional conversations provided the workgroup with information to further refine the
list of potential participants in Phase 2 of the project, the empirical querying. After these
discussions, the workgroup determined three Data Partners were the most relevant and
promising based on the type and amount of data available, their experience working with
investigators, and their ability to contract with external parties.
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Sentinel’
Synthesis and considerations

There are a range of issues to consider when investigating partnering with new EHR-based data
sources to meet FDA’s RWE Data Enterprise mandate and the analytic needs associated with
supporting that mandate. Potential options range from population-based sources with patients
and information across disease areas to disease-specific sources (similar to registries) that have
depth within the relevant disease area. It is important to note that certain EHR-based data
sources which could facilitate greater access to granular patient-level information, such as
clinical notes, may be more appropriate to meet methodological research needs, to fill gaps in
special populations and outcomes, and to expand the capacity of Sentinel for post-marketing
surveillance and safety issues. However, additional long-term considerations are important to
ensure a smooth functioning operational partnership, including the mechanisms available for
querying, governance of data access and use, the population covered, the breadth and depth of
the data, access to clinical notes, operational complexity, and cost.

Challenges to data use

¢ Query Approach: Data sources vary in how queries are executed and the level of
interactive querying, including the need and availability of data source engagement and
support. It is still unclear whether the IC would need to run queries on a platform and
how much involvement would be required of a team at each partner. For example, one
data source is largely accessible only via their own front-end interface and enables real-
time interactive querying with user support from a dedicated team. Others enable use of
project-specific datasets but have limited support.

¢ Responsiveness: The workgroup will need to explore turn-around times from each
partner in Step 3.

¢ Governance: Governance issues span from contracting, to data access, to
dissemination, to cost; all are critical in understanding how well a new data source can
be used to support FDA needs. Access to source data and the ability to engage directly
with patients, providers, and health systems that generate the data are also critical.
Finally, the ability to enhance data sources via project-specific chart review, NLP, or
other mechanisms will be assessed.

Unique opportunities

¢ Emerging methods: New developments in NLP and chart review are emerging and
there is a need to understand the capabilities that exist at a given partner. If capabilities
to process unstructured texts exists, the workgroup needs to consider the level of effort
that could be offloaded from the IC and the cost/benefit analysis. The workgroup will
examine this further in Phase 2.

e Specialty data: Although some partners have a smaller subset of the patient population
in comparison to other partners, the workgroup should examine the benefit that
specialty data could offer in answering safety questions for FDA.

Conclusion

To address the Real-World Evidence (RWE) Data Enterprise mandate, FDA has tasked Sentinel
with establishing a query-ready, quality-checked distributed data network containing electronic
health records. This report describes the development and findings of a horizon scan to identify
viable EHR sources to fulfill the RWE data enterprise mandate as well as interviews with these
potential partners to understand their data and analytic capabilities for meeting the needs of
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this system. The horizon scan identified many potential data sources that could be useful for
expanding Sentinel capabilities for analyses of EHR data. The subsequent discussions with data
partners highlighted unique opportunities with respect to methodologic capabilities and data
granularity, as well as challenges and considerations in technical, operational and governance
domains. In the second phase of this activity, we will work with selected data sources to conduct
empirical queries to gain further insights into the considerations and challenges in establishing
a query-ready electronic health record network.
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Appendix A. PubMed Search Strategy

PubMed Search Strategy (June 18, 2020)

("electronic health records"[MeSH Terms] OR "data aggregation" OR "electronic health records
data" OR "electronic health record data" OR "EHR Data" OR "EHR" or "Electronic Health
Data") AND (("2018/01/01"[PDAT] : "2020/6/18"[PDAT]) AND English[lang]) NOT “Address”
[Publication type] NOT “Autobiography” [Publication type] NOT “Bibliography” [Publication
type] NOT “Biography” [Publication type] NOT “Case Reports” [Publication type] NOT “Clinical
Conference” [Publication type] NOT “Clinical Trial, Veterinary” [Publication type] NOT
“Comment” [Publication type] NOT “Congress” [Publication type] NOT “Consensus
Development Conference” [Publication type] NOT “Consensus Development Conference, NTH”
[Publication type] NOT “Corrected and Republished Article” [Publication type] NOT “Dataset”
[Publication type] NOT “Dictionary” [Publication type] NOT “Directory” [Publication type] NOT
“Duplicate Publication” [Publication type] NOT “Editorial” [Publication type] NOT “Festschrift”
[Publication type] NOT “Government Publication” [Publication type] NOT “Guideline”
[Publication type] NOT “Historical Article” [Publication type] NOT “Interactive Tutorial”
[Publication type] NOT “Interview” [Publication type] NOT “Lecture” [Publication type] NOT
“Legal Case” [Publication type] NOT “Legislation” [Publication type] NOT “Letter” [Publication
type] NOT “News” [Publication type] NOT “Newspaper Article” [Publication type] NOT
“Observational Study, Veterinary” [Publication type] NOT “Patient Education Handout”
[Publication type] NOT “Periodical Index” [Publication type] NOT “Personal Narrative”
[Publication type] NOT “Portrait” [Publication type] NOT “Practice Guideline” [Publication
type] NOT “Published Erratum” [Publication type] NOT “Retracted Publication” [Publication
type] NOT “Retraction of Publication” [Publication type] NOT “Scientific Integrity Review”
[Publication type] NOT “Scientific Integrity Review” [Publication type] NOT “Technical Report”
[Publication type] NOT “Twin Study” [Publication type] NOT “Video-Audio Media” [Publication
type] NOT “Webcast” [Publication type]

Filters:

Clinical Study

Clinical Trial Protocol

Clinical Trial, Phase I (and Phase II, Phase II, Phase IV)
Comparative Study

Controlled Clinical Trial

Journal Article

Multicenter Study

Observational Study

Pragmatic Clinical Trial

Randomized Controlled Trial
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Appendix B. Overview of unique EHR databases identified by scoping

review
Appendix A. Overview of unique electronic health record 3 databases identified by scoping review
Number of
facilities or
No. Name Type of EHR data | providers or Region Comments Citation(s)
patients
covered
Largest US single-specialty 4
network of allergists and
immunologists. Available data
) Allergy New: Specialty >110 Spans over 20 reportedly includes patient
Partners (Allergy) Locations states demographics, diagnoses,
prescription medications,
laboratory test results, and other
allergy-specific information.
. Minnesota, Single, comprehensive EHR 5
2 Alhéla Health New: Health System 100 North Dakota, systgem acrogs Allina Health
ystem Locations . .
Wisconsin System.
Amgen 6
Oncology
Services New: Specialt In operation since 2004, powered
3 Comprehensive - P y >50 Locations National by Flatiron Health since 2015.
Electronic (Cancer) Covers all payer types.
payer typ
Records
(OSCER)
Armed Forces 7
Health US Military EHR for Uniformed
4 Longitudinal Government Entity >800 International Services members, retirees, and
Technology Locations their families. Provides inpatient
Application and outpatient information.
(AHLTA)
. . AthenaHealth provides EHR 8
5 AthenaHealth New: Specialty >160,000 National services to other organizations and
(Ambulatory) Providers .
practices.
. New: Special Approx. 30 Greater In use since 1999. Includes 9
6 Atrius Health (Amburl)atoryt)y L%%ations Boston Area Harvard Vanguard.
- Soecial 90% of North Complete dentfetll institultiop 10
7 axiUm Ascend New: Specialty American National management software solution
(Dental) serving many dental schools and
Dental Schools AP
institutions.
New: Specialty Hosted by the American Academy 11
8 Axon Registry : National of Neurology. Collects quality
(Neurology) .
improvement data.
Electronic Medical Record (EMR)- 13
. Linked BioBank established in
BioMe Bank f . " h
9 (Mount Sinai New: Health System ~24 Locations | New York City 2007, locusing on genetic research.
Health System) Pat}ents consent to DNA
sequencing and allow contact from
researchers. 12
The CRN comprises of 15 14
participating health groups that
are also part of the Health Care
Systems Research Network
Cancer (HCSRN). Their Virtual Data
10 Research Existing Sentinel 15 Health National Warehouse extracts data from the
Network Collaborator Plans participating health care systems’
(CRN) EHR for a common data model.
This network was funded by a
cooperative agreement grant from
1999-2018 and had published over
1,500 articles to date
CAPriCORN Existing Sentinel 5240 Serves more than 10 million 15
11 (Chicago Area Collaborator: Locg’gons Chicago area patients and 74,000 providers.
Patient- PCORnet Network sites include:
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Centered AllianceChicago, Cook County
Outcomes Health, Edward Hines Jr. VA
Research hospital and Jesse Brown VA
Network)* Medical Center, Loyola Medicine,
Ann & Robert H. Lurie Children’s
Hospital of Chicago, NorthShore
University Health System,
Northwestern Medicine, Rush
University Medical Center,
University of Chicago, University
of Illinois Hospital & Health
Sciences System, Medical Research
Analytics and Informatics Alliance
Center for ] I:‘ocuses specifically on Kidney 16,17
Kidney Disease Providence St. Dlsez}se research. Was developeq
Research New: Specialty Joseph Health to bridge the two health systems
12 Ed . > - (WA, MT, OR, West Coast distinct data bases to identify
ucation, and (Kidney) AK, CA), and tients with chronic kid
Hope (CURE- , , an patients with chronic kidney
CKD) UCLA Health disease (CKD) or were at risk for
CKD from the EHR data.
Implemented in 2007. Centura 19
Colorado, Health is Colorado’s largest health
13 | Centura Health | New: Health System >20 Locations western care provider. Connected with
Kansas CORHIO health information
exchange. 18
14 Cerner New: EHR Hea>l'?hocare National It contains '100% of patients in 21, 22,23, 24
HealthFacts Aggregator Systems Orchid, Keck Care and KIDS'. 20
Children's 26, 27, 28, 29
Hospital of Greater
Philadelphia 25 New: Special Philadelphi EHR system for a multi-state
15 + Pediatric ew: d'pega ty >30 Locations racephia pediatric integrated delivery
Research (Pediatrics) area (PA, NJ, system.
. DE)
Consortium
(PeRC)
Colorado 31,32
Health Distributed Data Network (DDN) -
Observational . . EHR-based public health
16 Regional Data New: EHR Network ~14 Locations Colorado surveillance for health and mental
Service health care providers. 30
(CHORDS)
Columbia 33
University
Medical 5150 Jointly managed EHR for one of
17 Center/New New: Health System L 2 New York City the largest physician practices in
ocations
York the Northeast.
Presbyterian
Hospital
CHARN consists of four research 34,35
node centers (Alliance of Chicago
Community Health Services,
Association of Asian Pacific
Community ) Community Health Organizations,
Heal : New: Specialty . Fenway Health, and Oregon
ealth Applied - 17 Community . .
18 R h (Community Health Health C 9 States Community Health Information
esearc Centers) ealth Centers Network) and a data coordinatin,
Network . 8
center (Kaiser Permanente Center
for Health Research) and was
formed to study underserved
populations.
The Veterans Health 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
'Administrati(?n is the largest 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
integrated national healthcare
Department of 1700 delivery system, caring for nearly 9 56,57, 58, 59, 60, 61, 62, 63, 64,
19 Veterans Government Entity Loca7tions National million veterans by 180,000
Affairs (VA) providers. Formerly, VITSA
(Veterans Health Information
Systems and Technology
Architecture), the VA is in the
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process of transitioning to Cerner
Millennium as of 2018, with
projected completion in 2028.

20

Duke
University
Health System

Existing Sentinel
Collaborator
(PCORnet)

>200
Locations

North
Carolina,
primarily
Durham

County

Switched to an integrated system
in August 2013, with some pre-
2014 data available. Provides
inpatient, outpatient encounters.

65-67

21

eMERGE
(Electronic

Medical
Records and
Genomics)

Network

New: EHR Network

11 Locations

National

Biobank with funding from
National Institutes of Health.
Announced in Sept. 2007 with a
goal of combining biorepositories
with EMR systems. Has at least 12
centers across the country from
which it draws data, with the
coordinating center housed at
Vanderbilt University. 68

69, 70, 71,72, 73

22

Epic Cosmos

New: EHR
Aggregator

70 Facilities

National

Multispecialty EHR with data from
over 250 million patients drawn
from hundreds of participating
organizations. 74

25,27,75-77, 78, 79, 80, 81, 82, 83,
84,85

23

Flatiron Health
(OncoEMR)

New: Specialty
(Cancer)

>280 Clinics

National

Part of the OncoCloud suite,
providing additional EMR support.
Founded in 2012 . Includes
partnerships with 7 major
academic research centers and
multiple top therapeutic oncology
companies. 86

87, 88, 89-91, 92, 93,94, 95, 96, 97

24

Geisinger
Health System
(part of
DiscovEHR)

New: Health System

3 Hospitals
and Multiple
Clinics

Rural
northeastern
and central
Pennsylvania

Integrated with lab and pharmacy
services, and including “Proven
Care” clinical decision support
tools. Geisinger Health System
serves has more than 3 million

patients and contains both
inpatient and outpatient

information. Established in 1993.
98

99, 100, 101, 102,103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114,

115, 116, 117, 118, 119

25

GPC (Greater
Plains
Collaborative)*

Existing Sentinel
Collaborator:
(PCORnet)

12 Locations

9 states -
Midwest

Includes University of Kansas,
Allina, Indiana University,
Intermountain Healthcare,
Marshfield Clinic Research
Institute, Medical College of

Wisconsin, University of Towa,

University of Missouri, University
of Nebraska, University of Texas
Health Science Center at San
Antonio, University of Texas
Southwestern, and University of
Utah.

120

26

Harris Health
System

New: Health System

>30 Locations

Harris
County, Texas

Harris County is the third most
populous county in the US. An
agreement with the Houston Dept.
of Public Health and Human
Services was reached in 2013 to
create a unified EHR system with
Harris Health System. 12t There are
more than 250 million patients in
this system. 122

123

27

Health Data
Compass
(UCHealth
System)

New: Health System

~4 Locations

Colorado

This is an enterprise health data
warehouse integrating patient
clinical data from UCHealth and
Children’s Hospital of Colorado.
This also includes CU Medicine.
Compass can also be linked to
Colorado APCD and Center for
Improving Value in Health Care.
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Alongside PRACnet, HealthCore is 124
one of two Health Plan Research
Networks within PCORnet. A
HealthCore subsidiary of Anthem insurance,
Integrated Existing Sentinel one of the largest health benefits
28 Resiarch Collaborator 14 States company in terms of medical
Database (PCORnet) 4 enrollment in the US. Established
(HIRD)* in 1996. Specializes in health
economics and outcomes research.
Has claims for more than 48
million individuals and lab result
data for more than 17 million. 124
Existing Sentinel Minnesota, Part of the Patient Outcomes 125, 126, 127
29 | HealthPartners Collaborator >100 western Research to.A.dvance Learning
Locations Wisconsin (PORTAL) Clinical Data Research
Network supported by PCORI.
. Exists in partnership with Epic. 126
30 Henry Ford New: Health System >35 Locations Detroit, Has more than 1,700 employed
Health System Michigan L
physicians. 128
Explorys has an aggregate of EHR 129-131, 132, 133
IBM Explorys from 26 US healthcare systems.
EHR Database Includes ambulatory, to inpatient,
(Watson - . - to specialty care from integrated
31 Health) - Exés(;(llg %s:;t;?el >?’?;tilvi 11111t1;>n National delivery networks, clinically
includes integrated networks, and
Truven accountable care organizations.
MarketScan Updated weekly, integration with
claims data is available.
Indiana Il\ffvg;g;g&}: Established and collected data for 134, 135
32 Network for Exchange/Local L >120 Indiana lover 30 f{egrsi ENPC 18 th? nation i
Patient Care Health Information ocations argest clinical data repository wit
Infrastructure over 12 billion data elements.
Largest urban clinical network in 136
the US. Includes Weill Cornell,
INSIGHT- Existing Sentinel Albert Einstein COM, Hospital for
33 NYC* Collaborator 5 Locations New York City Special Surgery, Icahn SOM,
(PCORnet) NYPH, NYU SOM, NYU SOM-
Medicaid, and Columbia
University.
Formerly GE Centricity. One of the 137-139, 140, 141
world’s largest accessible real
IQVIA Real- world data platforms with
World Data . - connections to 20 regularly
34 Electronic Eev‘:‘éEﬂi ?fjégggn National updated datasets.
Medical §8res Includes PharMetrics Plus, a
Records health plan database of
adjudicated medical and pharmacy
claims established since 2006.
IRIS Operated by the American 142, 143
(Intelligent New: Specialty >2300 National Academy of Ophthalmology, as the
35 Research in (Ophthalmology) Locations nation's first comprehensive
Sight) Registry clinical registry of eye disease.
Johns Hopkins Includes records for the entire 144
Me dicinI; _ Maryland and Johns Hopkins Medicine
36 EpicCare New: Health System >4 Hospitals District of enterprise with the exception of
Am%ulato Columbia the Johns Hopkins All Children’s
Y Hospital.
Kaiser Permanente has multiple 145,146, 147, 148, 149, 150, 151, 127,
regions: Northern California, 159, 153 154, 155, 156,157, 158, 1
Kaiser Existing Sentinel >650 National Southern California, Colorado, 52,153, 154, 155, 156,157 159, 159,
37 Permanente Collaborator Locations Northwest, Washington state, 126, 160, 161, 162, 163, 164, 165, 166,
Hawaii, Maryland, Virginia, and 167, 19, 168, 169
District of Columbia.
Based in University of Southern 170 171
38 Keck Cire New: Health System 2 Hospitals Sogtherp California School of Medicine. ’
EHR California
Uses Cerner technology.
Maine He?llth New: Health >460 . Statewide Health Information 172,173
39 Information Information . Maine h -
Exchange Exchange/Local Locations Exchange since 2010.
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Network Health Information
(HealthInfo Infrastructure
Net)
Marshfield 175
Clinic Health Northern,
System EHR - Existing Sentinel ~20 Locati Central, and Was among one of the first
40 'Cattails Collaborator 50 Locations Western developers of a working EMR. 174
Software Wisconsin
Suite'*
41 Mayo Clinic New: Health System | ~9o Locations National ‘a‘rll?}lf iﬁ;g?&?o(g;n;caggtﬁrﬁ 177181
DC MedStar is the largest healthcare 182
’ ider in the DMV area, and is
MedStar ~195 Maryland, provi ’
42 Health Svst New: Health System Locati Vireini one of the first health systems to
ealth System ocations irginia oin the Cerner Learnine Health
(DMV) Area | JOMmthe 8
Network.
Ohio The first safety-net health care 26
(Cleveland system in the US to implement
43 MetroHealth New: Health System >30 Locations Metro area), EHR with its ambulatory clinics in
Midwestern 1999. Has more than 1.5 million
UsS patients. 183
Michigan 184
Emergency New: Specialty Member sites contribute EHR,
Department - oP s trained abstractors add
44 (Emergency 15 EDs Michigan L.
Improvement supplementary data. Physician-led
Collaborative Departments) artnership.
p p
(MEDIC)
Provides EHR sources for the 185
Modernizing News: EHR following spelcialties: }(lie}zlrrilat(ilogy,
45 Medicine Data Aew. National gas}tlroer:it? ro Og}i’ opht la Tol0gy,
Services ggregator orthopedics, oto. aryngology, pain
management, plastic surgery, and
urology.
National 186
6 Basketball New: Specialty 30 NBA National Information on injuries, illnesses,
4 Association (NBA Players) Teams and NBA game participation.
EHR
Developed by American College of 187
Cardiology. Includes the following
hospital registries: Chest Pain —
National MI, AFib Ablation, CathPCI, ICD,
Cardiovascular New: Specialty 10 Registri National iMPACT, LAAO, PVI, STS/ACC
47 Data Registry (Cardiovascular) 0 Regstries ationa TVT; in addition to outpatient
registries: diabetes collaborative,
PINNACLE, and CathPCI. COVID-
19 data available for Chest Pain —
MI and CathPCI.
National Initiative began in 2014 to capture 188
Football New: Specialty . injury and treatment information
48 League (NFL) (NFL Players) 32 NFL Teams National for players through an EHR
EHR system.
National Created by Pediatric Trials 189
Institute of Network (PTN) with nearly
Child Health New: Specialty 265,000 pediatric patients with
49 and Human (Pe; di£crics) 9 Centers National inpatient encounters between
Development January 6, 2013 — June 30, 2017.
Pediatric Trials Had 147 mandatory and 99
Network optional data elements.
National . . Approx. 900 . 190
50 Trauma (Tiivr\; aslg):c;:tl:iye 9 Trauma National Largest ag;gereigsztitlo(rlla(;Efl US trauma
Databank & Centers sIstry )
Nebraska Multiple The Nebraska Medicine 191
51 Medicine EHR | New: Health System hospitals and Nebraska Community Connect EPIC
System clinics Network spans over 13 counties.
Net Health New: Specialty A 8 Forn.u;rly known als. unndEé(pert, 192
52 Wound Care (Wound Care Lppro?i. 5 National wit >2OZO}? oc llrll mapsi E?—?R
EHR Centers) ocations connect with any hospital
system.
New York City New: Specialty >500 New York Ci Aggregate data from Primary Care 32
53 Dept. of Health (Ambulatory) Locations ew York City Providers participating in the NYC
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and Mental Primary Care Information Project
Hygiene EHR (PCIP) launched in 2005. Serves
— Macroscope more than 700,000 patients .
New York Formerly known as Lutheran 194
University New: Specialty Family Health Centers. A
54 Langone (Family Health >45 Locations | New York City | community-based health network
Family Health Centers) with more than 100,000 patients.
Centers EHR 193
Consists of federated datasets. 195
Observational Numerous Multi-stakeholder,
Health Data Research interdisciplinary collaborative.
55 Sciences and New: EHR Network Locations International Houses at least half a billion
Informatics Internationall unique patient records.
(OHDSI) y International but led out of
Columbia University.
OCHIN (not an acronym) is a 196
nonprofit health information
technology organization that
56 OCHIN New: Specialty >140 National provides a single, linked (each
Network (Safety Net Clinics) Locations patient has a single identification
number and medical record shared
across every clinic in the network)
instance of the Epic EHR.
Includes UF Health, Bond 197
Community Health Center,
Existing Sentinel 51960 CommunityHealth IT, Advent
57 OneFlorida Collaborator Locations Florida Health, Florida State University,
(PCORnet) Tallahassee Memorial, Nicklaus
Children's Hospital, Orlando
Health, and University of Miami.
Integrated Healthcare Delivery 198, 199, 200, 201, 202, 203, 204,
Networks. EMR agnostic, 205
normalizing and integrating
provider data from different
3 Optum Existing Sentinel >7100 National platforms. Includes the following
5 (Humedica) Collaborator Locations specialties: oncology, infectious
disease, central nervous system
disorders, immunology, metabolic
disorders, cardiovascular,
gastrointestinal, and respiratory.
University of Pittsburgh Medical 206
PaTH Towards 8 states - New Center, Geisinger Health System,
. Existing Sentinel England, Mid Johns Hopkins University, The
a Learning 8 Health . . . .
59 Health Collaborator Systems Atlantlc, Ohio State University, Penn State
System* (PCORnet) midwestern Hershey Medical Center, Temple
regions University, and University of
Michigan.
Includes data from Kaiser 125,207
Patient Permanente (Southern California,
Colorado, Northwest, Washington
Outcomes to . Lo
Advance Existing Sentinel 10 Healthcare state, Hawau, Marylz?nd, Virginia,
g
60 Learnin, Collaborator Delive National District of Columbia), Denver
g Ty
Health, and HealthPartners. Data
(PORTAL) (PCORnet) Systems ] ts includ bershi
Network elements include membership
status, demographics, vital signs,
health care use, laboratory values,
and pharmacy dispensing.
Also contains the Partners' 2009, 210, 211, 212, 213, 214
Enterprise-wide Allergy Repository
(PEAR) EHR. RPDRis a
Partners centralized clinical data registry,
Research Existine Sentinel A pulling data from multiple sources
61 Patient Data Xés 1ng Sentine PPIOX. 75 Massachusetts | including Mass General Brigham
Regist ollaborator Locations (formerly known as Partners
gistry y
(RPDR) Healthcare), Clinical Data
Repository, Epic, and the
Enterprise Patient Master Index.
208
% Existing Sentinel . CHOP, Cincinnati Children's, 215
62 PEDSnet Collaborator 8 Locations 12 States Nemour Children's, Research
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(PCORnet)/Specialty: Institute at Nationwide children's
P y
Pediatrics Hospital, Seattle Children's
Research Institute, U Colorado
Denver, Washington University at
St. Louis .
Listed as the research subsidiary of 216
PRACnet Existing Sentinel Humana insurance company.
63 (Humana)* Collaborator Midwest HealthCore and PRACnet make up
(PCORnet) the two Health Plan Research
Networks in PCORnet.
Based on a partnership with 217
Greater New Orleans Health
Information Exchange (GNOHIE)
run by Louisiana Public Health
I?IEeAs (éilzﬁt Institute, Pennington Biomedical
Action for Existing Sentinel Research Center’s (PBRC)
64 Health Collaborator 6 Partners Louisiana HarmonlIQ data warehouse, Baylor
Network)* (PCORnet) Scott & White, Ochsner Health,
Tulane University, and University
Medical Center. Supports research
into obesity, diabetes, sickle cell
disease, and some rare types of
cancer.
San Francisco Hosted by University of California 218
Ba San Francisco. This seems to be a
6 Collabo?ative New: Specialty Atleast 3 Northern study-specific collaboration that
5 Research (Primary Care) health systems California created a data repository. The
Network health systems are de-identified in
the study.
Sight Based out of University of 3
Outcgomes Michigan Kellogg Eye Center, Ann
Research Arbor. Contains more than
Collaborative New: Specialty Approx. 11 _ 500,000 patients “flt.h ocular
66 .. diseases, 1.2 million visits, 36,000
Ophthalmology (Ophthalmology) Clinics ies. 8 million lab
Data eye surgeries, 8 million lab test
Repository results, 17.8 medication orders,
and 530,000 images of the retina.
(SOURCE) 219g
STAR 220
(Stakeholders, Academic Includes Vanderbilt, Duke, Health
Technology, Existing Sentinel Health Sciences South Carolina, Mayo
6 and Research Colla%orator Centers, Southeast US Clinic, Meharry Medical College,
7 Clinical (PCORnet) Community UNC Chapel Hill, Vanderbilt
Research Hospitals, Health Affiliated Network, and
Network)* clinics, etc. Wake Forest Baptist Health.
Sutter Health System’s EHR is 25
Sutter 5170 Northern Epic-integrated EHR, includes
68 Community New: Health System Locat7ions California integration with clinical data
Connect repository, lab, radiology, and
pharmacy data.
Southeast Penn Medicine has a Clinical Data 222,223, 224
University of Pennsvlvania Warehouse known as Penn Data
Pennsylvania ADDrox. 1 Centr};l and ’ Store. This collects patient data
69 Health System | New: Health System ch))réati(;ns,s South New from 12 core Penn Medicine
(Penn Jersey. and information systems including
Medicine) Delaz:\;are both outpatient and inpatient data.
N 221
University of >120 Has records dating from 1990 and 225
70 Utah Health New: Health System Locations Utah more than 1.4 million patient
System records.
Replaced its Cerner and Epic 227
. . EHRs starting 2018. It appears to
I‘va\?;:flgrsllt{o(r)lf Seattle and have ORCA 20 and EPIC Care. UW
ng Approx. 8 . Health System is comprised of at
71 Medicine New: Health System . King County, ] ditt o a P
Healtheare Locations WA State east 8 11 erent entities an aso
System 2021 is currently undergoing
Y transformation to an enterprise-
wide single EHR. 226
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*Identified via web search

Sunrise.

S entmel’
University of A Impl%g}entedlir} the University of 229
72 Wisconsin New: Health System Lppro?i. 27 Wisconsin 1SConSIn S femergencys
Health System ocations departments in 2008. 22
Y
Vanderbilt 230, 178, 231, 232, 233, 234, 235-
University Biorepository of DNA, linked to 237, 238
Medical Center Existing Sentinel Medical de-identified medical records in ’
(VOMC) - 8 Central the Synthetic Derivative. Synthetic
73 . Collaborator Complex e . .
BioVU, (PCORnet) System Tennessee Derivative is derived from
Synthetic Vanderbilt’s EMR, linked to the
Derivative, and BioVU BioBank.
eStar EHR
Veradigm houses a few EHR data 76,239,240
sources including: Practice Fusion
Veradigm Existing Sentinel National (150,000 medical professionals),
74 Collaborator ationa AllScripts (Professional EHR,
Touchworks EHR), Paragon,
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Appendix C. Preliminary Questionnaire

Sentinel Innovation Center Electronic Health Record (EHR) Horizon Scan

Sentinel’

The following questions are designed to help us understand more about your EHR data source
and the data elements that are available. This is intended to be a brief overview and should not

take longer than 15 minutes to complete. For the purposes of this initial questionnaire, if an
exact response is not readily available, please provide your best estimate. For all questions,

consider the most relevant answer for the past five years. We understand that answering
questions such as these often have substantial subtlety which we plan to address in our follow-
up discussions. Please feel free to add context to the answers as appropriate.

1. How many patient lives are represented in
your EHR data source? N=

A. How many patients contribute
both EHR data and claims data

to your data source?
None

Few

About
half

Additional comments:

B. For patients with both EHR and
claims data, how much of a
patient’s observation time is
overlapping between both EHR

and claims data, on average?
None

Few

About
half

Additional comments:

2. On average, how many visits or
encounters (e.g., hospitalization, office
visit, lab draw) does a patient have in your
EHR data source per year?

<1
3. How many patients have at least one visit
in the EHR data in each of the last three
years?
None

1-10

Few

>10

About
half

Most

Most

Most

All

All

NA

All
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4. Are the following data elements available

from your EHR data for analysis?

A. Coded data using standard
terminologies (see question 8
for examples) Yes Yes
(inpatient) (outpatient) No NA
B. Extracted clinical concepts (a
subdomain of Natural
Language Processing) Yes Yes
(inpatient) (outpatient) No NA
C. Clinical notes Yes Yes
(inpatient) (outpatient) No NA
D. Free text clinical note search
(ability to search chart notes
for a large cohort of patients
simultaneously) Yes Yes
(inpatient) (outpatient) No NA
E. Prescription
administration/dispensing
information Yes Yes
(inpatient) (outpatient) No NA
F. Lab procedures (test occurred
and/or administrative codes) Yes Yes
(inpatient) (outpatient) No NA
G. Lab values (microbiology,
chemistries, hematology,
inflammatory markers, Yes Yes
" e . No NA
pregnancy tests, viral (inpatient) (outpatient)
respiratory panels)
H. Vital signs Yes Yes
(inpatient) (outpatient) No NA
I. Death data Yes Yes
(inpatient) (outpatient) No NA
J. Imaging procedures (test
occurred and/or administrative
codes) Yes Yes
(inpatient) (outpatient) No NA
K. Imaging reports Yes Yes
(inpatient) (outpatient) No NA
Pathology procedures (test
occurred and/or administrative
codes) Yes Yes
(inpatient) (outpatient) No NA
M. Pathology reports (biopsies,
tumor grade) Yes Yes
(inpatient) (outpatient) No NA
N. Radiology procedures (test
occurred and/or administrative
codes) Yes Yes
(inpatient) (outpatient) No NA

29



Sentinel’

0. Radiology reports (pregnancy
related ultrasounds, head MRI) Yes Yes
(inpatient) (outpatient) No NA
P. Demographic characteristics Yes Yes
(inpatient) (outpatient) No NA
Q. Current diagnoses Yes Yes
(inpatient) (outpatient) No NA
R. Medical history Yes Yes
(inpatient) (outpatient) No NA
S. Allergy diagnoses and
treatment Yes Yes
(inpatient) (outpatient) No NA
T. Immunizations history Yes Yes
(inpatient) (outpatient) No NA
U. Provider order entry records
(orders) Yes Yes
(inpatient) (outpatient) NA
V. Procedure notes (surgical
procedure notes) Yes Yes
(inpatient) (outpatient) NA
W. Intraoperative exposures
(anesthesia) Yes Yes
(inpatient) (outpatient) NA
X. Dialysis Yes Yes
(inpatient) (outpatient) NA
5. What is the time period of available EHR
data?
A. Is the time period available
different for different locations
or providers?
Yes No NA
6. Care settings that are covered:
A. Inpatient
Yes No NA
B. Outpatient/ambulatory
Yes No NA
C. Telemedicine/virtual
Yes No NA
D. Emergency department
Yes No NA
E. Skilled nursing facility or
palliative care
Yes No NA
F. Specialty (e.g., oncology)
Yes No NA
G. Other
Yes No NA
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7. Thinking about EHR data that are
available for secondary use, how
frequently are the research data updated? Mont Quarte
Daily hly rly Yearly Other
A. Do refreshes vary by the
specific field?
Yes No NA
B. How old are the freshest data in Updat Week Longer
your data source? ed (s) Month Year than a year
daily old (s) old old old
8. What coding schemes are available in your
EHR data source?
A. NDC
Yes No NA
B. RXNORM
Yes No NA
C. ICD-9
Yes No NA
D. ICD-10
Yes No NA
E. HCPCS/CPT
Yes No NA
F. ISBT-128 (blood products)
Yes No NA
G. Codabar (blood products)
Yes No NA
H. LOINC
Yes No NA
I. NUCC
Yes No NA
J. SNOMED-CT
Yes No NA
K. Other
Yes No NA
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Question

Notes

INTRODUCTION AND GOALS

OVERVIEW

DATA CAPTURE AND DATA ELEMENTS

1. What types of data elements are collected?

2. Do you use any natural language processing or extract standardized
information for research purposes?

3. How are providers referenced?

3A. Provider number for clinician

3B. Provider number for hospital/clinic

3C. Specific department/clinic in a larger hospital/facility

4. Is it possible to separate history of a condition from a new diagnosis?

4A. If so, how?

5. Are metadata available?

DATA MODEL, RESEARCH CAPABILITIES AND TECHNICAL ENVIRONMENT

1. Do you use any specific data model(s)?
If so, describe the existing data model

1A. In what format are the data elements?

1B. How often are your data used for research updated?

ABILITY TO LINK TO OTHER SOURCES OF DATA

1. Patients frequently seek care at multiple clinical locations. How complete are
the data with respect to patients receiving care at other health care systems?

2. Is your data source able to link to other data sources?

2A. If so, do you have any existing linkages?

3. How many patients are linked to health insurance claims data (defined as
medical, hospital and pharmacy claims)?

3A. Are these open or closed claims?

3B. How many linked patients have simultaneous “person-time” overlap?
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3BIl. What is the average duration of overlapping “person-time”?

Sentinel’

4. Any other issues to discuss about linkages?

5. Are the claims data in your data source currently available in sentinel’s
distributed database?

QUALITY CONTROL AND QUALITY ASSESSMENT

1. Describe your source’s procedures for quality checking and assurance

2. Are there rules for acceptable values, particularly for medication dose and
strength

COLLABORATION, EXPERIENCE, AND GOVERNANCE

1. Has data or information from your data source been used in research?

1A. Has this research been published in a peer-reviewed journal or presented at
a national or international meeting?

1B. Has the research been presented or used in your institutional setting?

2. Is an IRB review required to conduct research with your data source?

3. Are there existing data sharing agreements that regulate other entities’ use
of your data?

3A. What contracts and/or data sharing agreements will need to be in place in
order to utilize your data?

4. Are there any additional governance barriers that need to be considered
prior to using your data for research?

5. Does your data source have existing relationships with other collaborators?

6. Can the data be shared externally for data analysis or must analyses be
conducted in house?

7. If analyses are done at the data source, in what format are results shared
(i.e., pdf, excel)

8. Is the data source a distributed data network?
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POPULATION CHARACTERISTICS

Sentinel’

1. Please describe the population characteristics

1A. Age distribution

1B. Sex distribution

1C. Number of unique patients over time

2. What is the geographic distribution of the patient population?

2A. How is the state or region identified? For example, is it the location of the
clinic/provider or the home residence of the patient?

2A1. If applicable, how is the location of the home residence captured?

2A2. How are changes in patient residence captured?

2B. How timely is geographic information? For example, is the zip code of the
patient captured a single time or at every visit?

3. Is your patient population restricted in any way (e.g. oncology patients,
pediatrics, etc.)?

4. Does the data source capture pediatric patient and outcomes (e.g., BMI,
blood pressure)?

DEATH DATA

1. Are cause of death data available? If so, for what data source?

1A. NDI

1B. State-based death registry

1C. Other

ONCOLOGY DATA

1. Does the data source capture cancer outcomes?
If so, what about the following characteristics:

1A. Disease-free survival

1B. Mortality

1C. Treatment regimens

1D. Severity (e.g., histology, staging)

LAB DATA

1. Are lab values available?

1A. If so, are units normalized across patients/visits/labs?
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PREGNANCY DATA

Sentinel’

1. Does the data source capture pregnancies?
If so, what about the following characteristics:

1A. LMP (last menstrual period)

1B. EDC/EDD (estimated due date)

1C. Pregnancy test results

1D. Use of prenatal vitamins

1E. Mother-infant linkage

1F. Multiple births

1G. Infant outcomes

1H. Pregnancy outcomes

11. Maternal outcomes

1J. Is the entire pregnancy captured and quantified (i.e., estimated pregnancy
start through delivery date)?
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